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Abstract. The paper is devoted to the study of the capabilities of a new domestic laboratory low-pressure 
chromatograph designed for the separation and preparative isolation of proteins by various chromatographic 
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methods. The equipment operates in isocratic and gradient modes using ultraviolet and conductometric detec-
tors. A built-in fraction collector with a changing valve makes it possible both to collect a target fraction and 
to run a cyclic program for the production of the substance with intermediate regeneration of the chromato-
graphic column. The sample can be either injected or pumped in using a separate line. The domestic software 
package Multichrom Axioma is used to control the equipment and to record data. 
The conducted study showed that the device allows implementing all the main methods of protein separation: 
ion exchange, hydrophobic, affinity, and size-exclusion chromatography. The paper demonstrates the scope of 
use of the equipment depending on the type of chromatographic separation and the size of the used columns. 
Keywords: low-pressure chromatograph, protein chromatography, ion exchange chromatography, hydropho-
bic chromatography, affinity chromatography, size exclusion chromatography. 
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�J�Z�k�l�\�h�j�b�l�_�e�b�����j�_�Z�]�_�g�l�u���b���k�l�Z�g�^�Z�j�l�g�u�_��
�h�[�j�Z�a�p�u�� �W�d�k�i�_�j�b�f�_�g�l�Z�e�v�g�u�_���b�k�k�e�_�^�h�\�Z��
�g�b�y�� �i�j�h�\�h�^�b�e�b�� �k�� �b�k�i�h�e�v�a�h�\�Z�g�b�_�f�� �k�e�_�^�m��
�x�s�b�o�� �j�_�Z�d�l�b�\�h�\���� �n�h�k�n�Z�l�� �g�Z�l�j�b�y�� ��Acros 
organics���� �;�_�e�v�]�b�y������ �;�b�k-�L�j�b�k�� ��Sigma���� �:�\��
�k�l�j�Z�e�b�y������ �W�>�L�:�� ��Panreac���� �B�k�i�Z�g�b�y������

�g�Z�l�j�b�c�� �e�b�f�h�g�g�h�d�b�k�e�u�c���� �d�b�k�e�h�l�Z�� �m�d�k�m�k��
�g�Z�y���� �o�e�h�j�b�^�� �g�Z�l�j�b�y���� �k�m�e�v�n�Z�l�� �Z�f�f�h�g�b�y����
�]�b�^�j�h�d�k�b�^�� �g�Z�l�j�b�y���� �n�h�k�n�h�j�g�Z�y�� �d�b�k�e�h�l�Z����
�k�h�e�y�g�Z�y�� �d�b�k�e�h�l�Z���� �g�b�d�_�e�v�� �o�e�h�j�b�k�l�u�c��
���q���^���Z������ �J�h�k�k�b�y������ �b�f�b�^�Z�a�h�e�� ���^�e�y�� �k�b�g�l�_�a�Z����
�J�h�k�k�b�y������ �>�_�b�h�g�b�a�b�j�h�\�Z�g�g�m�x�� �\�h�^�m�� �i�h�e�m��
�q�Z�e�b�� �k�� �i�h�f�h�s�v�x�� �k�b�k�l�_�f�u�� �\�h�^�h�i�h�^�]�h��
�l�h�\�d�b Milli -�4�����0�L�O�O�L�S�R�U�H�����K�R�:�������I�h�^�\�b�`��
�g�u�_ �n�Z�a�u�� �b�� �j�Z�[�h�q�b�_�� �j�Z�k�l�\�h�j�u�� �]�h�l�h�\�b�e�b��
�j�Z�k�l�\�h�j�_�g�b�_�f���g�_�h�[�o�h�^�b�f�u�o���g�Z�\�_�k�h�d���\���^�_��
�b�h�g�b�a�h�\�Z�g�g�h�c�� �\�h�^�_���� �k�� �i�h�k�e�_�^�m�x�s�_�c��
�n�b�e�v�l�j�Z�p�b�_�c �q�_�j�_�a�����������f�d�f���n�b�e�v�l�j�� �b���^�_��
�]�Z�a�Z�p�b�_�c�� 

�H�[�h�j�m�^�h�\�Z�g�b�_. �<�a�\�_�r�b�\�Z�g�b�y���k�m�o�b�o���j�_��
�Z�]�_�g�l�h�\���i�j�h�\�h�^�b�e�b���g�Z���\�_�k�Z�o���³CAS MWP�´��
(Cas corporation���� �X�`�g�Z�y�� �D�h�j�_�y������ �>�e�y�� �b�a��
�f�_�j�_�g�b�y���S�+���b�k�i�h�e�v�a�h�\�Z�e�b���b�h�g�h�f�_�j���©�W�d�k��
�i�_�j�l-�j�G�ª�����W�d�h�g�b�d�k���W�d�k�i�_�j�l�����J�h�k�k�b�y�������^�e�y��
�^�h�a�b�j�h�\�Z�g�b�y���`�b�^�d�h�k�l�_�c���b�k�i�h�e�v�a�h�\�Z�e�b���Z�\��
�l�h�f�Z�l�b�q�_�k�d�b�_�� �^�h�a�Z�l�h�j�u�� ����-�������� �f�d�e���� ����-
�������� �f�d�e���� ������-���������� �f�d�e�� ���/�$�%�0�$�7�(����
�I�h�e�v�r�Z)�����>�e�y���d�Z�q�_�k�l�\�_�g�g�h�]�h���Z�g�Z�e�b�a�Z���[�_�e��
�d�h�\�u�o�� �k�f�_�k�_�c�� �b�k�i�h�e�v�a�h�\�Z�e�b�� �w�e�_�d�l�j�h�n�h��
�j�_�a�� �\���^�_�g�Z�l�m�j�b�j�m�x�s�b�o�� �m�k�e�h�\�b�y�o�� ���y�q�_�c�d�Z��
Mini -PROTEAN Tetra���� �b�k�l�h�q�g�b�d�� �i�b�l�Z�g�b�y��
PowerPac Basic300V (Bio-Rad Laboratories, 
C�R�:���� �>�e�y�� �b�a�f�_�j�_�g�b�y�� �w�e�_�d�l�j�h�i�j�h�\�h�^�g�h��
�k�l�b�� �b�k�i�h�e�v�a�h�\�Z�e�b�� �d�h�g�^�m�d�l�h�f�_�l�j��«�W�d�k��
�i�_�j�l-002» ���W�d�h�g�b�d�k-�W�d�k�i�_�j�l�����J�h�k�k�b�y��.  

�J�Z�a�^�_�e�_�g�b�_�� �[�_�e�d�h�\�� �i�j�b�� �g�b�a�d�h�f�� �^�Z�\�e�_��
�g�b�b���i�j�h�\�h�^�b�e�b���k���b�k�i�h�e�v�a�h�\�Z�g�b�_�f���f�Z�d�_�l�Z��
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�o�j�h�f�Z�l�h�]�j�Z�n�b�q�_�k�d�h�c�� �k�b�k�l�_�f�u �k�� �m�k�e�h�\��
�g�u�f�� �g�Z�a�\�Z�g�b�_�f �:�d�k�b�h�f�Z�� �>�_�[�x�l�� �<�� �d�Z�q�_��
�k�l�\�_�� �k�j�Z�\�g�_�g�b�y���i�j�b�� �i�j�h�\�_�^�_�g�b�b�� �b�h�g�h�h�[��
�f�_�g�g�h�c���o�j�h�f�Z�l�h�]�j�Z�n�b�b���[�_�e�d�h�\���b�k�i�h�e�v�a�h��
�\�Z�e�b���o�j�h�f�Z�l�h�]�j�Z�n�b�q�_�k�d�m�x���k�b�k�l�_�f�m���\�u�k�h��
�d�h�]�h �^�Z�\�e�_�g�b�y��AKTA  Purifier (Cytiva, 
�R�\�_�p�b�y�������\�d�e�x�q�Z�x�s�m�x���^�\�Z���g�Z�k�h�k�Z���\�u�k�h��
�d�h�]�h�� �^�Z�\�e�_�g�b�y��P���������� �]�j�Z�^�b�_�g�l-�f�b�d�k�_�j�� �g�Z��
�k�l�h�j�h�g�_�� �\�u�k�h�d�h�]�h�� �^�Z�\�e�_�g�b�y���� �n�h�l�h�f�_�l�j�b��
�q�_�k�d�b�c�� �b�� �d�h�g�^�m�d�l�h�f�_�l�j�b�q�_�k�d�b�c�� �^�_�l�_�d��
�l�h�j�u�����m�a�_�e���\�\�h�^�Z���i�j�h�[�u���b���d�h�e�e�_�d�l�h�j���n�j�Z�d��
�p�b�c�� �K�h�j�[�p�b�h�g�g�u�_���f�Z�l�_�j�b�Z�e�u���b���b�o���o�Z�j�Z�d��
�l�_�j�b�k�l�b�d�b���i�j�_�^�k�l�Z�\�e�_�g�u���\���l�Z�[�e�b�p�_������ 

�:�n�n�b�g�g�Z�y�� �o�j�h�f�Z�l�h�]�j�Z�n�b�y�� �:�n�n�b�g��
�g�m�x���o�j�h�f�Z�l�h�]�j�Z�n�b�x���k���k�h�j�[�_�g�l�h�f��c �b�f�f�h��
�[�b�e�b�a�h�\�Z�g�g�u�f��Protein �:�� �i�j�h�\�h�^�b�e�b�� �\��
Tris-HCl �[�m�n�_�j�g�u�o���k�b�k�l�_�f�Z�o�����F�_�l�Z�e�e-�o�_��
�e�Z�l�g�m�x���g�Z���k�h�j�[�_�g�l�_���k���g�b�d�_�e�_�f��- �\���n�h�k�n�Z�l��
�g�u�o�� �[�m�n�_�j�g�u�o�� �k�b�k�l�_�f�Z�o���� �k�l�m�i�_�g�q�Z�l�h�_��
�w�e�x�b�j�h�\�Z�g�b�_�� �h�k�m�s�_�k�l�\�e�y�e�b�� �k�� �b�k�i�h�e�v�a�h��
�\�Z�g�b�_�f�� �j�Z�k�l�\�h�j�h�\�� �b�f�b�^�Z�a�h�e�Z�� �k�� �d�h�g�p�_�g��
�l�j�Z�p�b�y�f�b���������b�����������f�F�����B�k�i�h�e�v�a�h�\�Z�e�b���d�h��
�e�h�g�d�b���j�Z�a�f�_�j�h�f����.���î�������f�f���h�[�t�_�f�h�f�������k�f3. 
�K�d�h�j�h�k�l�b���i�h�l�h�d�Z����-2 �k�f3���f�b�g�� 

�B�h�g�h�h�[�f�_�g�g�Z�y�� �o�j�h�f�Z�l�h�]�j�Z�n�b�y. �O�j�h��
�f�Z�l�h�]�j�Z�n�b�x�� �i�j�h�\�h�^�b�e�b�� �i�j�b�� �k�l�Z�j�l�h�\�h�f��
�j�G�� ��.���� �\�� ������ �f�F�� �[�m�n�_�j�_�� �;�b�k-�L�j�b�k��HCl, 
�w�e�x�b�j�h�\�Z�g�b�_�� �h�k�m�s�_�k�l�\�e�y�e�b�� �\�� �]�j�Z�^�b�_�g�l�_��
�o�e�h�j�b�^�Z���g�Z�l�j�b�y���h�l�������^�h�����������f�F���i�j�b���i�h�l�h��
�d�Z�o�� ��-2 �k�f3���f�b�g�� �g�Z�� �d�h�e�h�g�d�Z�o�� �j�Z�a�f�_�j�h�f��
7.���î�������f�f���h�[�t�_�f�h�f�������k�f3 ���g�h�k�b�l�_�e�v��Helios 
30 Q�����b�������o���������f�f���h�[�t�_�f�h�f�������k�f3 ���g�h�k�b��
�l�_�e�b��Biokal Q �b��Source 15Q). 

�=�b�^�j�h�n�h�[�g�Z�y�� �o�j�h�f�Z�l�h�]�j�Z�n�b�y. �O�j�h�f�Z��
�l�h�]�j�Z�n�b�x�� �i�j�h�\�h�^�b�e�b�� �g�Z�� �d�h�e�h�g�d�_�� �j�Z�a�f�_��
�j�h�f�������î���������f�f�����������k�f3�����\���m�k�e�h�\�b�y�o���o�h�e�h�^��
�g�h�c�� �d�h�f�g�Z�l�u�� �i�j�b�� �l�_�f�i�_�j�Z�l�m�j�_�� ��-6�h�K����
�K�l�Z�j�l�h�\�Z�y���d�h�g�p�_�g�l�j�Z�p�b�y���k�m�e�v�n�Z�l�Z���Z�f�f�h��
�g�b�y���± 1.���F���� �j�G�� ���������� �W�e�x�b�j�h�\�Z�g�b�_�� �h�k�m��
�s�_�k�l�\�e�y�e�b�� �i�m�l�_�f�� �k�g�b�`�_�g�b�y�� �k�h�^�_�j�`�Z�g�b�y��
�k�m�e�v�n�Z�l�Z���Z�f�f�h�g�b�y���k�l�m�i�_�g�q�Z�l�u�f���]�j�Z�^�b�_�g��
�l�h�f���i�j�b���i�h�l�h�d�_�������k�f3���f�b�g���� 

�W�d�k�d�e�x�a�b�h�g�g�Z�y�� �o�j�h�f�Z�l�h�]�j�Z�n�b�y. �W�d�k��
�d�e�x�a�b�h�g�g�m�x���o�j�h�f�Z�l�h�]�j�Z�n�b�x���i�j�h�\�h�^�b�e�b���\��
�������f�F��Na-�n�h�k�n�Z�l�g�h�f���[�m�n�_�j�_�����j�G����.�����k���^�h��
�[�Z�\�e�_�g�b�_�f�����������f�F��NaCl �g�Z���d�h�e�h�g�d�_���j�Z�a�f�_��
�j�h�f�����î���������f�f���i�j�b���i�h�l�h�d�_����.4 �k�f3���f�b�g�� 

�:�g�Z�e�b�l�b�q�_�k�d�Z�y�� �\�u�k�h�d�h�w�n�n�_�d�l�b�\�g�Z�y��
�`�b�^�d�h�k�l�g�Z�y���o�j�h�f�Z�l�h�]�j�Z�n�b�y. �<�W�@�O-�Z�g�Z�e�b�a��
�i�j�h�\�h�^�b�e�b�� �g�Z�� �o�j�h�f�Z�l�h�]�j�Z�n�_��Wellchrom 
���.�Q�D�X�H�U�����=�_�j�f�Z�g�b�y�����k���^�_�l�_�d�l�b�j�h�\�Z�g�b�_�f���i�j�b��
�^�e�b�g�_���\�h�e�g�u�����������g�f���b���l�_�j�f�h�k�l�Z�l�b�j�h�\�Z�g�b�_�f��
�i�j�b�������Û�K�����i�_�l�e�y���������f�d�e�����B�k�i�h�e�v�a�h�\�Z�e�b���d�h��
�e�h�g�d�m�����o���������f�f���k���k�h�j�[�_�g�l�h�f���>�b�Z�k�n�_�j��������-
�K�����������f�d�f�����I�h�l�h�d���± 1 �k�f3���f�b�g�����=�j�Z�^�b�_�g�l�g�h�_��
�w�e�x�b�j�h�\�Z�g�b�_���h�k�m�s�_�k�l�\�e�y�e�b���k���w�e�x�_�g�l�Z�f�b���:��
(0.�������j�Z�k�l�\�h�j���l�j�b�n�l�h�j�m�d�k�m�k�g�h�c���d�b�k�e�h�l�u���\��
�\�h�^�_�����b���<������.�������j�Z�k�l�\�h�j���l�j�b�n�l�h�j�m�d�k�m�k�g�h�c��
�d�b�k�e�h�l�u�� �\�� �Z�p�_�l�h�g�b�l�j�b�e�_���� �i�h�� �k�e�_�^�m�x�s�_�c��
�i�j�h�]�j�Z�f�f�_: 0-�������f�b�g���± 20-�������<��������-�������f�b�g��
�± �������<��������-�������f�b�g���± 50-�������<��������-�������f�b�g���± 
�������<��������-������ �f�b�g���± 70-�������<��������-������ �f�b�g���± 
�������<�����I�h�l�h�d���± 1 �k�f3���f�b�g�� 

�H�[�k�m�`�^�_�g�b�_���j�_�a�m�e�v�l�Z�l�h�\ 

�O�j�h�f�Z�l�h�]�j�Z�n�b�q�_�k�d�Z�y�� �h�q�b�k�l�d�Z���i�j�b�j�h�^��
�g�u�o�� �b�� �j�_�d�h�f�[�b�g�Z�g�l�g�u�o���[�_�e�d�h�\�� �y�\�e�y�_�l�k�y��

�L�Z�[�e�b�p�Z���������H�k�g�h�\�g�u�_���o�Z�j�Z�d�l�_�j�b�k�l�b�d�b���k�h�j�[�_�g�l�h�\ 
Table 1. Main characteristics of the sorbents 
�‹  �G�Z�b�f�_�g�h�\�Z�g�b�_���k�h�j�[�_�g�l�Z�����g�h�k�b�l�_�e�v �E�b�]�Z�g�^ �J�Z�a�f�_�j����

�f�d�f 
�>�b�Z�i�Z��
�a�h�g���j�G 

�F�Z�d�k����
�^�Z�\�e���� �w�d�k��
�i�e�m�Z�l�Z�p�b�b����

�[�Z�j 
1 Protein A 6FF (Galak), �Z�]�Z�j�h�a�Z Protein A 60 - 90 2-12 3 
2 Ni NTA 6FF (Galak�������Z�]�Z�j�h�a�Z�������� Ni-NTA 90 3-12 5 
3 Biokal Q SepFast HighRes Plus (Bio-

kal), �Z�]�Z�j�h�a�Z+�^�_�d�k�l�j�Z�g  
N+(CH3)3 20 - 50 3-12 3 

4 Helios 30 Q (LT Biotech), PS/DVB N+(CH3)3 30 2-12 40 
5 Source 15Q (Cytiva), PS/DVB N+(CH3)3 15 2-12 40 
6 Uni HR Butyl-30S, (Nanomicro), �f�_��

�l�Z�d�j�b�e�Z�l 
Butyl 35 2-12 8 

7 Superdex 75 Prep, (Cytiva�������Z�]�Z�j�h�a�Z - 47 3-12 4 
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�\�Z�`�g�_�c�r�_�c �k�l�Z�^�b�_�c���i�j�b���b�a�m�q�_�g�b�y���[�b�h�o�b��
�f�b�q�_�k�d�b�o���b���d�Z�l�Z�e�b�l�b�q�_�k�d�b�o���k�\�h�c�k�l�\���n�_�j��
�f�_�g�l�h�\���� �Z�g�l�b�l�_�e���� �n�m�g�d�p�b�h�g�Z�e�v�g�u�o�� �i�h�e�b��
�i�_�i�l�b�^�h�\�����i�j�b�� �i�j�h�b�a�\�h�^�k�l�\�_�� �k�h�\�j�_�f�_�g��
�g�u�o�� �\�u�k�h�d�h�h�q�b�s�_�g�g�u�o�� �n�Z�j�f�Z�p�_�\�l�b�q�_��
�k�d�b�o�� �i�j�_�i�Z�j�Z�l�h�\�� �^�e�y�� �l�Z�j�]�_�l�g�h�c�� �l�_�j�Z�i�b�b����
�i�j�h�b�a�\�h�^�k�l�\�Z�� �^�b�Z�]�g�h�k�l�b�d�m�f�h�\���� �q�b�k�l�u�o��
�[�_�e�d�h�\�� �^�e�y�� �Z�g�Z�e�b�l�b�q�_�k�d�h�]�h�� �b�� �l�_�o�g�b�q�_��
�k�d�h�]�h���i�j�b�f�_�g�_�g�b�y�� 

�;�e�Z�]�h�^�Z�j�y���j�Z�a�\�b�l�b�x���[�b�h�l�_�o�g�h�e�h�]�b�c�����\��
�i�h�k�e�_�^�g�b�_���]�h�^�u���\�� �d�e�b�g�b�q�_�k�d�h�c���i�j�Z�d�l�b�d�_��
�b�k�i�h�e�v�a�m�_�l�k�y�� �\�k�_�� �[�h�e�v�r�_�� �i�h�^�h�[�g�u�o�� �e�_��
�d�Z�j�k�l�\�_�g�g�u�o���k�j�_�^�k�l�\�����\�d�e�x�q�Z�x�s�b�o���p�b�l�h��
�d�b�g�u��[1] ���b�g�l�_�j�n�_�j�h�g�u���� �w�j�b�l�j�h�i�h�w�l�b�g�u����
�d�h�e�h�g�b�_�h�[�j�Z�a�m�x�s�b�_�� �n�Z�d�l�h�j�u������ �]�h�j�f�h�g�u��
[2, 3] ���b�g�k�m�e�b�g�u�����k�h�f�Z�l�j�h�i�b�g�����]�j�m�i�i�Z���i�h��
�e�h�\�u�o�� �]�h�j�f�h�g�h�\��, �d�h�Z�]�m�e�y�g�l�u���� �\�� �l�h�f��
�q�b�k�e�_ �n�Z�d�l�h�j�u�� �k�\�_�j�l�u�\�Z�g�b�y�� �d�j�h�\�b��[4], 
�b�g�]�b�[�b�l�h�j�u���i�j�h�l�_�b�g�d�b�g�Z�a�����f�h�g�h�d�e�h�g�Z�e�v��
�g�u�_�� �Z�g�l�b�l�_�e�Z���� �\�Z�d�p�b�g�u���� �Z�g�l�b�[�b�h�l�b�d�b�� �b��
�[�Z�d�l�_�j�b�h�n�Z�]�b [5].  

�;�_�e�d�h�\�Z�y�� �f�h�e�_�d�m�e�Z���� �i�j�h�b�a�\�_�^�_�g�g�Z�y�� �\��
�q�m�`�_�j�h�^�g�h�c���d�e�_�l�d�_-�o�h�a�y�b�g�_�����f�h�`�_�l���[�u�l�v��
�i�h�e�m�q�_�g�Z�� �k �i�j�b�f�_�k�y�f�b���� �\�� �l�h�f�� �q�b�k�e�_�� �k��
�n�j�Z�]�f�_�g�l�Z�f�b�� �>�G�D�� �d�e�_�l�d�b-�o�h�a�y�b�g�Z���� �_�_��
�[�_�e�d�Z�f�b���� �i�h�e�b�k�Z�o�Z�j�b�^�Z�f�b�� �b�� �w�g�^�h�l�h�d�k�b��
�g�Z�f�b���� �I�j�b�f�_�g�_�g�b�_�� �i�j�_�i�Z�j�Z�l�h�\�� �k�� �m�d�Z�a�Z�g��
�g�u�f�b�� �d�h�g�l�Z�f�b�g�Z�p�b�y�f�b�� �q�j�_�\�Z�l�h�� �k�_�j�v�_�a��
�g�u�f�b�� �h�k�e�h�`�g�_�g�b�y�f�b�� �\�� �h�[�e�Z�k�l�b�� �b�f�f�m�g�h��
�i�Z�l�h�e�h�]�b�b��[6]. �G�_�^�h�k�l�Z�l�h�q�g�Z�y���q�b�k�l�h�l�Z���p�_��
�e�_�\�u�o�� �[�_�e�d�h�\�u�o�� �f�h�e�_�d�m�e�� �f�h�`�_�l���a�g�Z�q�b��
�l�_�e�v�g�h�� �k�g�b�a�b�l�v�� �w�n�n�_�d�l�b�\�g�h�k�l�v�� �i�j�b�f�_�g�_��
�g�b�y���i�j�_�i�Z�j�Z�l�Z���i�j�b���b�k�i�h�e�v�a�h�\�Z�g�b�b���\���f�_�^�b��
�p�b�g�k�d�h�c���b�e�b���l�_�o�g�b�q�_�k�d�h�c���k�n�_�j�Z�o���� �b�e�b���b�k��
�d�Z�a�b�l�v���j�_�a�m�e�v�l�Z�l�u���Z�g�Z�e�b�a�Z���i�j�b���b�k�i�h�e�v�a�h�\�Z��
�g�b�b���[�_�e�d�h�\�� �b�e�b�� �n�_�j�f�_�g�l�h�\�� �\�� �k�h�k�l�Z�\�_�� �^�b�Z��
�]�g�h�k�l�b�q�_�k�d�b�o���b�e�b���Z�g�Z�e�b�l�b�q�_�k�d�b�o���k�b�k�l�_�f�� 

�I�j�Z�d�l�b�q�_�k�d�b�� �\�h�� �\�k�_�o�� �k�e�m�q�Z�y�o�� �l�j�_�[�m��
�_�l�k�y�� �h�^�g�Z�� �b�e�b���g�_�k�d�h�e�v�d�h�� �k�l�Z�^�b�c�� �h�q�b�k�l�d�b��
�^�e�y���^�h�k�l�b�`�_�g�b�y���l�j�_�[�h�\�Z�g�b�c���N�Z�j�f�Z�d�h�i�_�b��
�i�h�� �k�h�^�_�j�`�Z�g�b�x�� �i�j�b�f�_�k�_�c���� �i�j�b�q�_�f��
�b�f�_�g�g�h���o�j�h�f�Z�l�h�]�j�Z�n�b�q�_�k�d�Z�y���h�q�b�k�l�d�Z�����a�Z��
�q�Z�k�l�m�x���� �h�[�_�k�i�_�q�b�\�Z�_�l�� �[�u�k�l�j�h�_�� �b�� �g�Z�b�[�h��
�e�_�_�� �w�n�n�_�d�l�b�\�g�h�_�� �m�^�Z�e�_�g�b�_�� �g�_�`�_�e�Z�l�_�e�v��
�g�u�o�� �i�j�b�f�_�k�_�c�� �k�� �i�h�e�m�q�_�g�b�_�f�� �[�_�e�d�h�\�h�]�h��
�i�j�_�i�Z�j�Z�l�Z�� �a�Z�^�Z�g�g�h�c�� �q�b�k�l�h�l�u�� �W�l�h�� �`�_�� �h�l��
�g�h�k�b�l�k�y�� �b�� �d�� �i�j�_�i�Z�j�Z�l�Z�f���� �i�h�e�m�q�_�g�g�u�f�� �b�a��
�i�j�b�j�h�^�g�u�o�� �b�k�l�h�q�g�b�d�h�\���� �g�Z�i�j�b�f�_�j���� �b�a��

�i�e�Z�a�f�u�� �d�j�h�\�b���� �<�� �k�e�m�q�Z�_�� �i�h�e�m�q�_�g�b�y�� �k�\�h��
�[�h�^�g�h�]�h�� �h�l�� �\�b�j�m�k�h�\���� �\�u�k�h�d�h�h�q�b�s�_�g�g�h�]�h��
�b�f�f�m�g�h�]�e�h�[�m�e�b�g�Z���� �l�_�o�g�h�e�h�]�b�y�� �\�d�e�x�q�Z�_�l��
�l�j�b���k�l�Z�^�b�b���o�j�h�f�Z�l�h�]�j�Z�n�b�q�_�k�d�h�c���h�q�b�k�l�d�b��
�j�Z�a�g�u�f�b�� �f�_�l�h�^�Z�f�b��[7]. �<�u�^�_�e�_�g�b�_�� �n�_�j��
�f�_�g�l�h�\���]�e�x�d�h�a�h�d�k�b�^�Z�a�u�� �b�� �i�_�j�h�d�k�b�^�Z�a�u��
�b�a���d�m�e�v�l�m�j�Z�e�v�g�h�c���`�b�^�d�h�k�l�b���k�h�h�l�\�_�l�k�l�\�m��
�x�s�b�o�� �f�b�d�j�h�h�j�]�Z�g�b�a�f�h�\�� �\�� �q�b�k�l�h�f�� �\�b�^�_����
�g�_�h�[�o�h�^�b�f�u�o���^�e�y���d�h�e�b�q�_�k�l�\�_�g�g�h�]�h���h�i�j�_��
�^�_�e�_�g�b�y���d�h�g�p�_�g�l�j�Z�p�b�b���]�e�x�d�h�a�u���\���[�b�h�e�h��
�]�b�q�_�k�d�b�o���`�b�^�d�h�k�l�y�o���\�d�e�x�q�Z�_�l����-�����k�l�Z�^�b�b��
�o�j�h�f�Z�l�h�]�j�Z�n�b�q�_�k�d�h�]�h�� �j�Z�a�^�_�e�_�g�b�y��[8]. 
�I�j�h�\�_�^�_�g�b�_�� �g�Z�i�j�Z�\�e�_�g�g�h�c�� �[�_�e�d�h�\�h�c�� �b�g��
�`�_�g�_�j�b�b�� �n�_�j�f�_�g�l�h�\�� �g�_�\�h�a�f�h�`�g�h�� �[�_�a�� �w�n��
�n�_�d�l�b�\�g�u�o���f�_�l�h�^�h�\���b�o���\�u�^�_�e�_�g�b�y���b���b�a�m��
�q�_�g�b�y���k�\�h�c�k�l�\��[9].   

�F�_�l�h�^�u�� �o�j�h�f�Z�l�h�]�j�Z�n�b�q�_�k�d�h�c�� �h�q�b�k�l�d�b��
�[�_�e�d�h�\���j�Z�a�e�b�q�Z�x�l�k�y���i�h���l�j�_�[�h�\�Z�g�b�y�f���d���o�b��
�f�b�q�_�k�d�h�c�� �i�j�b�j�h�^�_�� �k�h�j�[�_�g�l�h�\���� �b�o�� �k�l�j�m�d��
�l�m�j�g�h-�]�_�h�f�_�l�j�b�q�_�k�d�b�f�� �o�Z�j�Z�d�l�_�j�b�k�l�b�d�Z�f����
�Z���l�Z�d�`�_���m�k�e�h�\�b�y�f���i�j�h�\�_�^�_�g�b�y���i�j�h�p�_�k�k�Z�� �<��
�[�h�e�v�r�b�g�k�l�\�_�� �k�e�m�q�Z�_�\�� �b�k�i�h�e�v�a�m�x�l�� �k�h�j��
�[�_�g�l�u�� �g�Z�� �h�k�g�h�\�_�� �f�y�]�d�b�o�� �]�_�e�_�c���� �j�Z�[�h�l�Z�x��
�s�b�o���i�j�b���g�b�a�d�b�o���^�Z�\�e�_�g�b�y�o�����q�l�h���h�[�_�k�i�_�q�b��
�\�Z�_�l���\�h�a�f�h�`�g�h�k�l�v���b�k�i�h�e�v�a�h�\�Z�l�v���o�j�h�f�Z�l�h��
�]�j�Z�n�u���g�b�a�d�h�]�h���^�Z�\�e�_�g�b�y���g�Z���h�k�g�h�\�_���i�_�j�b��
�k�l�Z�e�v�l�b�q�_�k�d�b�o�� �g�Z�k�h�k�h�\�� �<�Z�`�g�u�f�� �f�h�f�_�g��
�l�h�f���y�\�e�y�_�l�k�y���m�k�l�h�c�q�b�\�h�k�l�v���f�Z�l�j�b�p�u���k�h�j��
�[�_�g�l�Z�� �d�� �s�_�e�h�q�g�u�f�� �a�g�Z�q�_�g�b�y�f�� �j�G���� �d�h�l�h��
�j�u�_�� �i�j�b�f�_�g�y�x�l�k�y�� �^�e�y�� �h�l�f�u�\�d�b�� �k�b�e�v�g�h��
�k�h�j�[�b�j�m�_�f�u�o���i�j�b�f�_�k�_�c���b���\�h�k�k�l�Z�g�h�\�e�_�g�b�y��
�n�m�g�d�p�b�h�g�Z�e�v�g�h�k�l�b�� �k�h�j�[�_�g�l�Z���� �I�h�w�l�h�f�m��
�b�k�i�h�e�v�a�h�\�Z�g�b�_���o�j�h�f�Z�l�h�]�j�Z�n�b�q�_�k�d�b�o���f�Z�l��
�j�b�p�� �g�Z�� �i�h�e�b�f�_�j�g�h�c���b�e�b�� �i�h�e�b�k�Z�o�Z�j�b�^�g�h�c��
�h�k�g�h�\�_���y�\�e�y�_�l�k�y���i�j�b�h�j�b�l�_�l�g�u�f���j�_�r�_�g�b�_�f��
�i�j�b���i�j�h�\�_�^�_�g�b�b���\�u�^�_�e�_�g�b�y���[�_�e�d�h�\���b�a���j�Z�a��
�e�b�q�g�u�o���i�j�b�j�h�^�g�u�o���b�k�l�h�q�g�b�d�h�\�� 

�J�Z�a�j�Z�[�h�l�Z�g�g�Z�y�� �o�j�h�f�Z�l�h�]�j�Z�n�b�q�_�k�d�Z�y��
�k�b�k�l�_�f�Z�� �i�h�a�\�h�e�y�_�l�� �j�_�r�b�l�v�� �[�h�e�v�r�b�g�k�l�\�h��
�a�Z�^�Z�q���� �\�k�l�j�_�q�Z�x�s�b�o�k�y�� �\�� �i�j�h�p�_�k�k�_��
�h�q�b�k�l�d�b���b���\�u�^�_�e�_�g�b�y���p�_�e�_�\�u�o���[�_�e�d�h�\�����g�_��
�i�j�b�[�_�]�Z�y���d���b�k�i�h�e�v�a�h�\�Z�g�b�x���[�h�e�_�_���^�h�j�h�]�b�o��
�o�j�h�f�Z�l�h�]�j�Z�n�b�q�_�k�d�b�o�� �k�b�k�l�_�f�� �\�u�k�h�d�h�]�h��
�^�Z�\�e�_�g�b�y���� �<�� �d�h�g�k�l�j�m�d�p�b�b�� �i�j�b�[�h�j�Z�� �b�� �h�[��
�k�e�m�`�b�\�Z�x�s�_�]�h�� �i�j�h�]�j�Z�f�f�g�h�]�h���h�[�_�k�i�_�q�_��
�g�b�y�� �g�Z�� �h�k�g�h�\�_�� �I�H�� �F�m�e�v�l�b�o�j�h�f�� �j�_�Z�e�b�a�h��
�\�Z�g�u�� �f�g�h�]�h�e�_�l�g�b�c�� �h�i�u�l�� �b���g�Z�j�Z�[�h�l�d�b���d�h�e��
�e�_�d�l�b�\�Z�� �j�Z�a�j�Z�[�h�l�q�b�d�h�\�� �\�� �h�[�e�Z�k�l�b�� �Z�g�Z�e�b�l�b 
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655  

�q�_�k�d�h�c�� �b�� �i�j�_�i�Z�j�Z�l�b�\�g�h�c�� �[�_�e�d�h�\�h�c�� �o�j�h�f�Z��
�l�h�]�j�Z�n�b�b�����G�Z���j�b�k�������i�j�_�^�k�l�Z�\�e�_�g���h�[�s�b�c���\�b�^��
�o�j�h�f�Z�l�h�]�j�Z�n�Z���b���_�]�h���]�b�^�j�Z�\�e�b�q�_�k�d�Z�y���k�o�_�f�Z��  

�I�_�j�b�k�l�Z�e�v�l�b�q�_�k�d�b�c�� �g�Z�k�h�k�� �g�b�a�d�h�c��
�i�m�e�v�k�Z�p�b�b���h�[�_�k�i�_�q�b�\�Z�_�l�� �i�h�^�Z�q�m���w�e�x�_�g�l�Z��
�h�l�� ��.1 �^�h�� �������k�f3���f�b�g�� ���i�j�b�� �i�j�h�f�u�\�d�Z�o�� �^�h��
50 �k�f3���f�b�g���� �i�j�b�� �^�Z�\�e�_�g�b�b�� �^�h�� ��.���� �F�I�Z����
�=�j�Z�^�b�_�g�l�g�Z�y�� �i�Z�j�Z�� �k�h�a�^�Z�_�l�k�y�� �d�e�Z�i�Z�g�Z�f�b����
�j�Z�k�i�h�e�h�`�_�g�g�u�f�b�� �i�_�j�_�^�� �g�Z�k�h�k�h�f���� �Z�� �i�_�j�_��
�d�e�x�q�Z�x�s�b�c�� �d�j�Z�g�� �i�j�_�^�g�Z�a�g�Z�q�_�g�� �^�e�y�� �i�h��
�^�Z�q�b���h�[�j�Z�a�p�Z�����f�b�g�m�y���d�Z�f�_�j�m���k�f�_�r�_�g�b�y�����b��
�h�l�������^�h����-�l�b���j�Z�a�e�b�q�g�u�o���[�m�n�_�j�g�u�o���j�Z�k�l�\�h��
�j�h�\���i�j�b���j�_�Z�e�b�a�Z�p�b�b���k�e�h�`�g�u�o���k�o�_�f���j�Z�a�^�_��
�e�_�g�b�y�� �\�� �a�Z�\�b�k�b�f�h�k�l�b�� �h�l�� �d�h�e�b�q�_�k�l�\�Z�� �i�h�j��
�l�h�\�� �\�� �d�j�Z�g�_���� �I�h�^�Z�q�m�� �h�[�j�Z�a�p�Z�� �f�h�`�g�h�� �h�k�m��
�s�_�k�l�\�e�y�l�v�� �b�� �q�_�j�_�a�� �d�j�Z�g-�b�g�`�_�d�l�h�j���� �L�Z�d�Z�y��
�k�o�_�f�Z���i�h�a�\�h�e�y�_�l���m�\�_�e�b�q�b�l�v���n�m�g�d�p�b�h�g�Z�e�v��
�g�u�_���\�h�a�f�h�`�g�h�k�l�b���i�j�b�[�h�j�Z���^�e�y���n�h�j�f�b�j�h��
�\�Z�g�b�y�� �]�j�Z�^�b�_�g�l�h�\�� �i�j�b�� �j�Z�a�^�_�e�_�g�b�b�� �k�e�h�`��
�g�u�o�� �h�[�j�Z�a�p�h�\�� �b�e�b�� �i�j�b�� �Z�\�l�h�f�Z�l�b�a�Z�p�b�b��
�i�j�h�p�_�k�k�Z���j�m�l�b�g�g�h�]�h���j�Z�a�^�_�e�_�g�b�y���h�[�j�Z�a�p�h�\��
�i�h���k�j�Z�\�g�_�g�b�x���k���b�a�\�_�k�l�g�u�f���b���i�j�_�d�j�Z�k�g�h���a�Z��
�j�_�d�h�f�_�g�^�h�\�Z�\�r�b�f���k�_�[�y���g�Z���j�u�g�d�_���o�j�h�f�Z�l�h��
�]�j�Z�n�b�q�_�k�d�b�o�� �k�b�k�l�_�f�� �g�b�a�d�h�]�h�� �^�Z�\�e�_�g�b�y��
AKTA  Start�����I�h���k�j�Z�\�g�_�g�b�x���k���b�a�\�_�k�l�g�h�c���k�b��
�k�l�_�f�h�c���j�Z�k�r�b�j�_�g���^�b�Z�i�Z�a�h�g���j�Z�[�h�q�b�o���k�d�h�j�h��
�k�l�_�c���w�e�x�_�g�l�Z�����h�l������ �^�h���������k�f3���f�b�g�� �b�� �\�� �k�b��
�k�l�_�f�_�� �i�j�b�k�m�l�k�l�\�m�_�l�� �\�k�l�j�h�_�g�g�u�c�� �d�h�e�e�_�d��
�l�h�j���n�j�Z�d�p�b�c���g�Z���h�k�g�h�\�_���i�_�j�_�d�e�x�q�Z�x�s�_�]�h��
�d�j�Z�g�Z�����W�l�h���i�h�a�\�h�e�y�_�l���m�\�_�e�b�q�b�l�v���i�j�h�b�a�\�h��
�^�b�l�_�e�v�g�h�k�l�v���� �b�k�i�h�e�v�a�m�y �d�h�e�h�g�d�b���^�b�Z�f�_�l��
�j�h�f���������f�f�����h�[�t�_�f���k�h�j�[�_�g�l�Z���^�h�����������k�f3).   

�>�_�l�_�d�l�b�j�h�\�Z�g�b�_�� �h�k�m�s�_�k�l�\�e�y�_�l�k�y�� �M�N-
�f�h�g�b�l�h�j�h�f���i�j�b�����������g�f�����g�Z���h�k�g�h�\�_���k�\�_�l�h��
�^�b�h�^�Z�����d�h�g�l�j�h�e�v���i�j�h�\�h�^�b�f�h�k�l�b���j�_�]�b�k�l�j�b��
�j�m�_�l�k�y�� �d�h�g�^�m�d�l�h�f�_�l�j�h�f���� �D�h�f�i�h�g�h�\�d�Z��

�i�j�b�[�h�j�Z���i�h�a�\�h�e�y�_�l���j�Z�k�r�b�j�b�l�v���\�h�a�f�h�`�g�h��
�k�l�b���^�_�l�_�d�l�b�j�h�\�Z�g�b�y���a�Z���k�q�_�l���m�k�l�Z�g�h�\�d�b���^�h��
�i�h�e�g�b�l�_�e�v�g�h�]�h�� �i�j�h�l�h�q�g�h�]�h�� �j�G-�f�_�l�j�Z��
�b���b�e�b �M�N-�^�_�l�_�d�l�h�j�Z�� �k�� �i�_�j�_�f�_�g�g�h�c�� �^�e�b��
�g�h�c�� �\�h�e�g�u���� �d�Z�d�� �g�Z�� �[�Z�a�_�� �f�Z�g�m�Z�e�v�g�h�]�h��
�n�b�e�v�l�j�h�\�h�]�h�� �n�h�l�h�f�_�l�j�Z���� �l�Z�d�� �b�� �k�� �b�k�i�h�e�v��
�a�h�\�Z�g�b�_�f�� �k�i�_�d�l�j�h�n�h�l�h�f�_�l�j�b�q�_�k�d�h�]�h�� �^�_��
�l�_�d�l�h�j�Z���k���b�a�f�_�g�y�_�f�h�c���^�e�b�g�h�c���\���^�b�Z�i�Z�a�h�g�_��
190-�������� �g�f�� �<�_�k�� �o�j�h�f�Z�l�h�]�j�Z�n�Z�� ������ �d�]���� �]�Z��
�[�Z�j�b�l�g�u�_���j�Z�a�f�_�j�u���������o�������o���������f�f. 

�O�Z�j�Z�d�l�_�j�b�k�l�b�d�b�� �i�j�b�[�h�j�Z�� �h�[�_�k�i�_�q�b��
�\�Z�x�l�� �b�k�i�h�e�v�a�h�\�Z�g�b�_�� �d�h�e�h�g�h�d�� �^�b�Z�f�_�l�j�h�f��
�h�l�������^�h���������f�f���k���j�Z�a�f�_�j�h�f���q�Z�k�l�b�p���k�h�j�[�_�g�l�Z��
�h�l���������f�d�f���b���\�u�r�_�����=�b�^�j�Z�\�e�b�q�_�k�d�Z�y���k�o�_�f�Z��
�b�� �i�j�h�]�j�Z�f�f�g�h�_�� �h�[�_�k�i�_�q�_�g�b�_�� �i�h�a�\�h�e�y�x�l��
�j�_�Z�e�b�a�h�\�Z�l�v�� �j�Z�a�e�b�q�g�u�_�� �f�_�l�h�^�u�� �j�Z�a�^�_�e�_��
�g�b�y���[�_�e�d�h�\�����\�d�e�x�q�Z�y���p�b�d�e�b�q�_�k�d�m�x���k�o�_�f�m��
�g�Z�j�Z�[�h�l�d�b���p�_�e�_�\�h�]�h���i�j�h�^�m�d�l�Z���k���i�j�h�f�_�`�m��
�l�h�q�g�h�c�� �j�_�]�_�g�_�j�Z�p�b�_�c�� �d�h�e�h�g�d�b �\�� �Z�\�l�h�f�Z��
�l�b�q�_�k�d�h�f�� �j�_�`�b�f�_���� �q�l�h�� �i�h�a�\�h�e�y�_�l�� �a�g�Z�q�b��
�l�_�e�v�g�h�� �i�h�\�u�k�b�l�v�� �\�u�o�h�^�u�� �p�_�e�_�\�h�]�h�� �i�j�h��
�^�m�d�l�Z�� �[�_�a�� �a�Z�l�j�Z�l�� �g�Z�� �^�h�j�h�]�h�k�l�h�y�s�b�_�� �k�h�j��
�[�_�g�l�u���b���d�h�e�h�g�d�b���[�h�e�v�r�h�]�h���h�[�t�_�f�Z��  

�O�j�h�f�Z�l�h�]�j�Z�n�b�q�_�k�d�Z�y���k�b�k�l�_�f�Z���j�Z�a�j�Z�[�h��
�l�Z�g�Z �\�� �d�h�f�i�e�_�d�l�Z�p�b�b���� �f�Z�d�k�b�f�Z�e�v�g�h�� �i�j�b��
�\�y�a�Z�g�g�h�c���d���a�Z�i�j�h�k�Z�f���b���a�Z�^�Z�q�Z�f���a�Z�d�Z�a�q�b�d�Z�� 
�k���i�j�_�^�\�Z�j�b�l�_�e�v�g�h���m�k�l�Z�g�h�\�e�_�g�g�u�f���b���k�d�h�g��
�n�b�]�m�j�b�j�h�\�Z�g�g�u�f�� �I�H�� �©�F�m�e�v�l�b�O�j�h�f �: �d��
�k�b�h�f�Z�ª���� �I�H�� �h�k�g�h�\�Z�g�h�� �g�Z�� �o�h�j�h�r�h�� �b�a�\�_�k�l��
�g�h�c���j�h�k�k�b�c�k�d�h�c���i�j�h�]�j�Z�f�f�_���^�e�y���o�j�h�f�Z�l�h��
�]�j�Z�n�b�b�� �©�F�m�e�v�l�b�O�j�h�f�ª��[10] �\�_�j�k�b�b�� ���� �b��
�j�Z�[�h�l�Z�_�l���d�Z�d���\���h�i�_�j�Z�p�b�h�g�g�h�c���k�j�_�^�_��Win-
dows ���\�_�j�k�b�b������������, 11), �l�Z�d���b���g�Z���d�h�f�i�v�x��
�l�_�j�Z�o���i�h�^���m�i�j�Z�\�e�_�g�b�_�f���H�K���:�k�l�j�Z���E�b�g�m�d�k����
�D�� �k�l�Z�g�^�Z�j�l�g�u�f�� �n�m�g�d�p�b�y�f�� �I�H�� �F�m�e�v�l�b��
�O�j�h�f�� �^�h�[�Z�\�e�_�g�u�� �m�i�j�Z�\�e�y�x�s�b�_�� �f�h�^�m�e�b����
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�k�i�_�p�b�n�b�q�_�k�d�b�_�� �^�e�y�� �i�j�_�i�Z�j�Z�l�b�\�g�h�c�� �[�_�e��
�d�h�\�h�c�� �o�j�h�f�Z�l�h�]�j�Z�n�b�b���� �i�_�j�_�d�e�x�q�Z�l�_�e�b��
�d�j�Z�g�h�\�� �b�� �d�e�Z�i�Z�g�h�\���� �m�i�j�Z�\�e�_�g�b�_�� �^�_�l�_�d�l�h��
�j�Z�f�b�� �b�� �d�h�e�e�_�d�l�h�j�h�f�� �n�j�Z�d�p�b�c���� �^�Z�l�q�b�d�b��
�Z�\�Z�j�b�c���� �k�o�_�f�u�� �m�i�j�Z�\�e�_�g�b�y�� �p�b�n�j�h�\�u�f�b��
�e�b�g�b�y�f�b�� �b�� �g�Z�k�h�k�Z�f�b�� �k�� �I�B�>�� �j�_�]�m�e�y�l�h��
�j�Z�f�b���� �i�j�_�h�[�j�Z�a�h�\�Z�l�_�e�b�� �k�b�]�g�Z�e�h�\�����@�b�^��
�d�h�k�l�g�Z�y���k�o�_�f�Z���o�j�h�f�Z�l�h�]�j�Z�n�Z���h�l�h�[�j�Z�`�Z�_�l�k�y��
�g�Z�� �w�d�j�Z�g�_�� �b�� �h�g�e�Z�c�g�� �\�b�a�m�Z�e�b�a�b�j�m�_�l�� �i�h�l�h�d�b��
�w�e�x�_�g�l�Z�����i�h�e�h�`�_�g�b�_���d�j�Z�g�h�\���b���d�e�Z�i�Z�g�h�\�����i�Z��
�j�Z�f�_�l�j�u�� �o�j�h�f�Z�l�h�]�j�Z�n�b�q�_�k�d�h�c�� �k�b�k�l�_�f�u����
�i�h�d�Z�a�Z�g�b�y�� �^�_�l�_�d�l�h�j�h�\���� �k�b�k�l�_�f�� �\�\�h�^�Z�� �h�[��
�j�Z�a�p�Z���b���k�[�h�j�Z���n�j�Z�d�p�b�c�����M�i�j�Z�\�e�_�g�b�_���o�j�h�f�Z��
�l�h�]�j�Z�n�b�q�_�k�d�h�c�� �k�b�k�l�_�f�h�c�� �\�h�a�f�h�`�g�h���� �d�Z�d�� �\��
�i�j�h�]�j�Z�f�f�b�j�m�_�f�h�f���� �i�h�e�g�h�k�l�v�x�� �Z�\�l�h�f�Z�l�b��
�q�_�k�d�h�f�����l�Z�d���b���\���j�m�q�g�h�f���j�_�`�b�f�_�� 

�N�m�g�d�p�b�b�� �I�H�� �i�h�^�^�_�j�`�Z�g�u�� �i�e�Z�l�h�c��
�m�i�j�Z�\�e�_�g�b�y�� �o�j�h�f�Z�l�h�]�j�Z�n�Z���� �\�� �k�h�k�l�Z�\�_�� �d�h��
�l�h�j�h�c���b�f�_�_�l�k�y���l�j�b���:�P�I���� �k�_�f�v���\�Z�j�b�Z�g�l�h�\��
�p�b�n�j�h�\�u�o�� �\�u�o�h�^�h�\�� �k�� �q�Z�k�l�h�l�g�h�c�� �b�� �r�b��
�j�h�l�g�h-�b�f�i�m�e�v�k�g�h�c�� �f�h�^�m�e�y�p�b�_�c���� �\�o�h�^��
�g�u�_���\�u�o�h�^�g�u�_�� �d�Z�g�Z�e�u���� �k�q�_�l�g�u�_�� �d�Z�g�Z�e�u����
�i�h�^�d�e�x�q�_�g�b�_���^�h�i�h�e�g�b�l�_�e�v�g�u�o���m�k�l�j�h�c�k�l�\��
�i�h�� �r�b�g�_��I2C���� �L�Z�d�Z�y�� �d�h�g�n�b�]�m�j�Z�p�b�y�� �i�j�b��
�[�h�j�Z�� �^�Z�_�l�� �r�b�j�h�d�b�_�� �\�h�a�f�h�`�g�h�k�l�b�� �^�e�y��
�g�Z�j�Z�s�b�\�Z�g�b�y�� �n�m�g�d�p�b�h�g�Z�e�Z���� �i�h�a�\�h�e�y�_�l���� �\��
�^�Z�e�v�g�_�c�r�_�f�����i�j�h�\�h�^�b�l�v���f�h�^�_�j�g�b�a�Z�p�b�x���b��
�i�h�^�d�e�x�q�Z�l�v�� �^�h�i�h�e�g�b�l�_�e�v�g�u�_�� �f�h�^�m�e�b�� �\��
�a�Z�\�b�k�b�f�h�k�l�b���h�l���\�h�a�g�b�d�Z�x�s�b�o���a�Z�^�Z�q�����<���k�h��
�k�l�Z�\���o�j�h�f�Z�l�h�]�j�Z�n�Z���\�o�h�^�b�l���b�g�n�h�j�f�Z�p�b�h�g��
�g�Z�y���i�Z�g�_�e�v�����g�Z �d�h�l�h�j�m�x���\�u�\�h�^�y�l�k�y���h�k�g�h�\��
�g�u�_�� �i�Z�j�Z�f�_�l�j�u�� �o�j�h�f�Z�l�h�]�j�Z�n�b�q�_�k�d�h�c��
�m�k�l�Z�g�h�\�d�b�� �b�� �g�_�d�h�l�h�j�u�_�� �w�e�_�f�_�g�l�u�� �m�i�j�Z�\��
�e�_�g�b�y���o�j�h�f�Z�l�h�]�j�Z�n�h�f�����j�b�k���������� 

�I�j�h�]�j�Z�f�f�g�h�_�� �h�[�_�k�i�_�q�_�g�b�_�� �f�h�`�g�h�� �b�k��
�i�h�e�v�a�h�\�Z�l�v�� �g�_�� �l�h�e�v�d�h�� �^�e�y�� �m�i�j�Z�\�e�_�g�b�y��
�i�j�b�[�h�j�h�f�� �b�� �h�[�j�Z�[�h�l�d�b�� �j�_�a�m�e�v�l�Z�l�h�\�� �o�j�h��
�f�Z�l�h�]�j�Z�n�b�q�_�k�d�h�]�h�� �Z�g�Z�e�b�a�Z���� �H�g�h�� �f�h�`�_�l��
�[�u�l�v�� �g�Z�k�l�j�h�_�g�h�� �^�e�y�� �\�u�^�_�e�_�g�b�y�� �h�i�j�_�^�_��
�e�_�g�g�u�o���d�h�f�i�h�g�_�g�l�h�\���g�Z���[�Z�a�_���Z�g�Z�e�b�a�Z���i�Z��
�j�Z�f�_�l�j�h�\���o�j�h�f�Z�l�h�]�j�Z�n�b�q�_�k�d�b�o���i�b�d�h�\�����l�Z�d��
�b�� �^�e�y�� �\�u�^�_�e�_�g�b�y�� �p�_�e�_�\�h�]�h�� �\�_�s�_�k�l�\�Z�� �\��
�o�h�^�_�� �f�g�h�]�h�d�j�Z�l�g�h�]�h�� �Z�\�l�h�f�Z�l�b�q�_�k�d�h�]�h��
�\�\�h�^�Z���b���\�u�i�h�e�g�_�g�b�y���j�Z�a�^�_�e�_�g�b�y���k���j�_�]�_�g�_��
�j�Z�p�b�_�c�� �d�h�e�h�g�d�b�� �[�_�a�� �g�_�i�h�k�j�_�^�k�l�\�_�g�g�h�]�h��
�m�q�Z�k�l�b�y�� �h�i�_�j�Z�l�h�j�Z���� �>�_�l�_�d�l�h�j�� �i�b�d�h�\�� �k�j�Z��
�[�Z�l�u�\�Z�_�l���i�h���d�h�f�[�b�g�Z�p�b�b���m�j�h�\�g�y���k�b�]�g�Z�e�Z��
�b���b�e�b���i�j�h�b�a�\�h�^�g�h�c�����q�l�h���i�h�a�\�h�e�y�_�l���j�Z�a�^�_��
�e�y�l�v�� �\�_�s�_�k�l�\�Z�� �i�j�b�� �g�_�\�u�k�h�d�h�f�� �j�Z�a�j�_�r�_��
�g�b�b�� �o�j�h�f�Z�l�h�]�j�Z�n�b�q�_�k�d�b�o�� �i�b�d�h�\�� �b�e�b�� �j�Z�a��
�^�_�e�y�l�v���i�b�d�b���^�Z�`�_���d�h�]�^�Z���h�g�b���g�_���^�h�k�l�b�]�Z�x�l��
�m�j�h�\�g�y���a�Z�^�Z�g�g�h�c���[�Z�a�h�\�h�c���e�b�g�b�b�����I�j�h�p�_�k�k��
�f�h�`�g�h�� �i�j�b�h�k�l�Z�g�h�\�b�l�v���� �b�a�f�_�g�b�l�v�� �i�Z�j�Z��
�f�_�l�j�u�� �\�j�m�q�g�m�x�� �b�� �i�j�h�^�h�e�`�b�l�v�� �j�Z�a�^�_�e�_��
�g�b�_���� �q�l�h�� �m�^�h�[�g�h�� �\�� �i�j�h�p�_�k�k�Z�o�� �h�l�j�Z�[�h�l�d�b��
�i�Z�j�Z�f�_�l�j�h�\�� �j�Z�a�^�_�e�_�g�b�y�� �b�� �n�j�Z�d�p�b�h�g�b�j�h��
�\�Z�g�b�y�����I�j�b���j�Z�[�h�l�_���I�H���a�Z�i�b�k�u�\�Z�x�l�k�y���i�j�h��
�l�h�d�h�e�u�� �^�_�c�k�l�\�b�y�� �i�h�e�v�a�h�\�Z�l�_�e�y���� �b�a�f�_�j�y�_��
�f�u�_���k�b�]�g�Z�e�u���b���d�h�f�Z�g�^�u���m�i�j�Z�\�e�_�g�b�y�����k�e�_�^��
�Z�m�^�b�j�h�\�Z�g�b�y���� �^�e�y�� �k�h�h�l�\�_�l�k�l�\�b�y�� �k�l�Z�g�^�Z�j��
�l�Z�f��GLP. 

�I�H�� �f�h�`�_�l�� �[�u�l�v�� �]�b�[�d�h�� �g�Z�k�l�j�h�_�g�h�� �g�Z��
�d�h�g�d�j�_�l�g�h�_�� �j�Z�a�^�_�e�_�g�b�_���� �j�_�Z�d�p�b�x�� �g�Z�� �\�u��
�o�h�^�� �i�Z�j�Z�f�_�l�j�h�\�� �a�Z�� �^�h�i�m�k�l�b�f�u�_�� �i�j�_�^�_�e�u����
�i�j�_�p�b�a�b�h�g�g�m�x�� �h�[�j�Z�[�h�l�d�m�� �i�h�e�m�q�_�g�g�u�o��
�o�j�h�f�Z�l�h�]�j�Z�f�f�����\�u�^�Z�q�m���h�l�q�_�l�h�\���\���l�j�_�[�m�_��
�f�h�f�� �n�h�j�f�Z�l�_�� �b�� �^�j�m�]�b�_�� �n�m�g�d�p�b�b���� �<�� �[�Z�a�h��
�\�h�f�� �I�H�� �©�F�m�e�v�l�b�O�j�h�f�ª�� �j�_�Z�e�b�a�h�\�Z�g�� �j�y�^��

 
�J�b�k���������<�b�^���j�Z�[�h�q�_�]�h���i�j�h�k�l�j�Z�g�k�l�\�Z���i�j�h�]�j�Z�f�f�g�h�]�h���h�[�_�k�i�_�q�_�g�b�y 

Fig. 2. Overview of the software workbench 
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�m�g�b�d�Z�e�v�g�u�o�� �l�_�o�g�h�e�h�]�b�c�� �h�[�j�Z�[�h�l�d�b�� �^�Z�g��
�g�u�o���� �i�h�a�\�h�e�y�x�s�b�o�� �i�h�^�g�y�l�v�� �i�j�_�p�b�a�b�h�g��
�g�h�k�l�v�� �b�� �g�Z�^�_�`�g�h�k�l�v�� �o�j�h�f�Z�l�h�]�j�Z�n�b�q�_��
�k�d�h�]�h���Z�g�Z�e�b�a�Z��[11-13]. 

�I�j�h�]�j�Z�f�f�g�h�_�� �h�[�_�k�i�_�q�_�g�b�_�� �©�F�m�e�v�l�b��
�O�j�h�f�� �:�d�k�b�h�f�Z�ª�� �h�[�_�k�i�_�q�b�\�Z�_�l�� �p�_�e�h�k�l��
�g�h�k�l�v���^�Z�g�g�u�o�����g�Z�^�_�`�g�m�x���b�^�_�g�l�b�n�b�d�Z�p�b�x��
�h�i�_�j�Z�l�h�j�Z�����\�h�a�f�h�`�g�h�k�l�v���k�f�_�g�u���h�i�_�j�Z�l�h�j�Z��
�\�h�� �\�j�_�f�y�� �i�j�h�\�_�^�_�g�b�y�� �i�j�h�p�_�k�k�Z�� �j�Z�a�^�_�e�_��
�g�b�y�� �[�_�e�d�h�\�h�c�� �k�f�_�k�b�� �b�e�b�� �Z�g�Z�e�b�a�Z���� �?�k�l�v��
�i�h�^�^�_�j�`�d�Z�� �\�Z�e�b�^�Z�p�b�h�g�g�u�o�� �i�j�h�p�_�^�m�j����
�\�d�e�x�q�Z�y�� �\�Z�e�b�^�Z�p�b�x�� �k�b�k�l�_�f�u��
(IQ/OQ/PQ������ �\�Z�e�b�^�Z�p�b�x�� �f�_�l�h�^�b�d�� �b�� �k�Z��
�f�h�]�h���I�H�� 

�:�n�n�b�g�g�Z�y���o�j�h�f�Z�l�h�]�j�Z�n�b�y���[�_�e�d�h�\ 
�G�Z�b�[�h�e�_�_�� �k�i�_�p�b�n�b�q�g�u�f�� �f�_�l�h�^�h�f���� �h�l��

�e�b�q�Z�x�s�b�f�� �o�j�h�f�Z�l�h�]�j�Z�n�b�x�� �[�_�e�d�h�\�� �h�l��
�^�j�m�]�b�o���o�j�h�f�Z�l�h�]�j�Z�n�b�q�_�k�d�b�o���f�_�l�h�^�h�\�����y�\��
�e�y�_�l�k�y�� �Z�n�n�b�g�g�Z�y�� �o�j�h�f�Z�l�h�]�j�Z�n�b�y�����:�n��
�n�b�g�g�Z�y���o�j�h�f�Z�l�h�]�j�Z�n�b�y��c �b�k�i�h�e�v�a�h�\�Z�g�b�_�f��
�k�h�j�[�_�g�l�h�\���k���a�Z�d�j�_�i�e�_�g�g�u�f�b���g�Z���i�h�\�_�j�o�g�h��
�k�l�b���;�_�e�d�h�f���:���b�e�b��G �y�\�e�y�_�l�k�y���\�Z�`�g�_�c�r�b�f��
�w�l�Z�i�h�f�� �h�q�b�k�l�d�b�� �f�h�g�h�d�e�h�g�Z�e�v�g�u�o�� �Z�g�l�b��
�l�_�e�����g�Z���[�Z�a�_���d�h�l�h�j�u�o���k�h�a�^�Z�x�l�k�y���g�h�\�_�c�r�b�_��
�w�n�n�_�d�l�b�\�g�u�_�� �e�_�d�Z�j�k�l�\�_�g�g�u�_�� �i�j�_�i�Z�j�Z�l�u��
�g�Z�i�j�Z�\�e�_�g�g�h�]�h�� �^�_�c�k�l�\�b�y�����<�� �g�Z�k�l�h�y�s�_�f��
�j�Z�[�h�l�_�� �g�Z�� �f�h�^�_�e�v�g�h�c�� �k�f�_�k�b�� �b�f�f�m�g�h�]�e�h��
�[�m�e�b�g�Z��G (IgG) �b���Z�e�v�[�m�f�b�g�Z���f�u���b�a�m�q�b�e�b��
�\�h�a�f�h�`�g�h�k�l�v���b�k�i�h�e�v�a�h�\�Z�g�b�y���o�j�h�f�Z�l�h�]�j�Z��
�n�b�q�_�k�d�h�c���k�b�k�l�_�f�u���k���d�h�e�h�g�d�h�c���g�Z���h�k�g�h�\�_��
�;�_�e�d�Z���:�� �\�d�e�x�q�Z�y���k�l�Z�[�b�e�v�g�h�k�l�v���i�j�h�p�_�k�k�Z��
�i�j�b���p�b�d�e�b�q�_�k�d�h�c���g�Z�j�Z�[�h�l�d�_���i�j�h�^�m�d�l�Z�� 

�I�j�h�p�_�k�k�� �\�u�^�_�e�_�g�b�y�� �b�� �h�q�b�k�l�d�b�� �k�h�k�l�h�b�l��
�b�a�� �k�e�_�^�m�x�s�b�o�� �h�k�g�h�\�g�u�o�� �k�l�Z�^�b�c���� �m�j�Z�\�g�h��
�\�_�r�b�\�Z�g�b�_���d�h�e�h�g�d�b���� �g�Z�g�_�k�_�g�b�_���h�[�j�Z�a�p�Z���b��
�_�]�h�� �i�j�h�i�m�k�d�Z�g�b�_�� �q�_�j�_�a�� �k�h�j�[�_�g�l�� �k�� �a�Z�d�j�_�i��
�e�_�g�g�u�f���;�_�e�d�h�f���:�����i�j�h�f�u�\�d�Z���k�h�j�[�_�g�l�Z���^�e�y��
�m�^�Z�e�_�g�b�y�� �k�e�Z�[�h�� �k�\�y�a�Z�g�g�u�o�� �k�� �k�h�j�[�_�g�l�h�f��
�d�h�f�i�h�g�_�g�l�h�\�����w�e�x�b�j�h�\�Z�g�b�_��IgG c �b�k�i�h�e�v��
�a�h�\�Z�g�b�_�f�� �[�m�n�_�j�h�\�� �k���j�Z�a�e�b�q�g�u�f�b���n�b�a�b�d�h-
�o�b�f�b�q�_�k�d�b�f�b�� �k�\�h�c�k�l�\�Z�f�b�� �^�e�y�� �^�b�k�k�h�p�b�Z��
�p�b�b�� �Z�g�l�b�]�_�g�Z�� �b�� �Z�g�l�b�l�_�e�Z���� �w�e�x�b�j�h�\�Z�g�b�y����
�i�j�h�q�b�o���i�j�b�f�_�k�_�c���b���j�_�]�_�g�_�j�Z�p�b�y���k�h�j�[�_�g�l�Z��
�i�m�l�_�f���i�j�h�f�u�\�d�b���_�]�h���j�Z�k�l�\�h�j�Z�f�b���k���\�h�a�\�j�Z��
�s�_�g�b�_�f�� �\�� �b�k�o�h�^�g�h�_���k�h�k�l�h�y�g�b�_���^�e�y���i�j�h�\�_��
�^�_�g�b�y���k�e�_�^�m�x�s�_�]�h���p�b�d�e�Z���\�u� �̂_�e�_�g�b�y�� 

�O�j�h�f�Z�l�h�]�j�Z�n�b�x���k�f�_�k�b��Ig�*���������f�]���k�f3�����b��
�Z�e�v�[�m�f�b�g�Z�� ������ �f�]���k�f3) �i�j�h�\�h�^�b�e�b�� �g�Z���d�h��

�e�h�g�d�_���h�[�t�_�f�h�f�������k�f3 (7.���o�������f�f�������a�Z�i�h�e�g�_�g��
�g�h�c���k�h�j�[�_�g�l�h�f��Protein A 6FF Galak ���D�b�l�Z�c������
�H�[�j�Z�a�_�p�� �\�� �W�e�x�_�g�l�_�� �:�� �h�[�t�_�f�h�f�� �������k�f3 
�g�Z�g�h�k�b�e�b���g�Z�k�h�k�h�f���k�h���k�d�h�j�h�k�l�v�x�������k�f3���f�b�g�� 
�K���l�Z�d�h�c���`�_���k�d�h�j�h�k�l�v�x���i�j�h�\�h�^�b�e�b���i�h�k�e�_��
�^�m�x�s�b�_�� �o�j�h�f�Z�l�h�]�j�Z�n�b�q�_�k�d�b�_�� �k�l�Z�^�b�b�� �b��
�i�j�h�f�u�\�d�b���� �B�k�i�h�e�v�a�h�\�Z�e�b�� �q�_�l�u�j�_�� �[�m�n�_�j��
�g�u�o���j�Z�k�l�\�h�j�Z���k�e�_�^�m�x�s�_�]�h���k�h�k�l�Z�\�Z�� 

�W�e�x�_�g�l��A: ������ �fM Na2HPO4; 0.15M 
NaCl pH 7.4 �± �k�l�Z�j�l�h�\�u�c���[�m�n�_�j 

�W�e�x�_�g�l��B: 0.1M �]�e�b�p�b�g-HCl pH 2.5 �± 
�w�e�x�b�j�h�\�Z�g�b�_��IgG 

�W�e�x�_�g�l��C: 0.1M NaOH �± �i�j�h�f�u�\�d�Z���h�l��
�i�j�h�q�b�o���k�b�e�v�g�h���k�\�y�a�Z�\�r�b�o�k�y���i�j�b�f�_�k�_�c 

�W�e�x�_�g�l��D���� �\�h�^�Z �± �h�l�f�u�\�d�Z�� �b�� �i�h�^�]�h��
�l�h�\�d�Z���d���j�_�]�_�g�_�j�Z�p�b�b 

�I�j�h�p�_�k�k�� �h�k�m�s�_�k�l�\�e�y�e�b�� �i�h�� �k�e�_�^�m�x�s�_�c��
�i�j�h�]�j�Z�f�f�_�� 0-������ �f�b�g �g�Z�g�_�k�_�g�b�_�� �h�[�j�Z�a�p�Z, 
13-�������f�b�g���± �;�m�n�_�j���:; 23-�������f�b�g���± �;�m�n�_�j��
�<; 31-�������f�b�g���± �;�m�n�_�j��D; 35-�������f�b�g���± �;�m��
�n�_�j���K; 40-�������f�b�g���± �;�m�n�_�j��D; 45-�������f�b�g���± 
�;�m�n�_�j�� �:���� �G�Z�g�_�k�_�g�b�_���� �h�q�b�k�l�d�m�� �b�� �k�[�h�j�� �h�[��
�j�Z�a�p�Z�� �h�k�m�s�_�k�l�\�e�y�e�b�� �\�� �Z�\�l�h�f�Z�l�b�a�b�j�h�\�Z�g��
�g�h�f�� �p�b�d�e�b�q�_�k�d�h�f�� �j�_�`�b�f�_���� �d�h�e�b�q�_�k�l�\�h��
�p�b�d�e�h�\�����������j�b�k�������� 

�B�a�� �o�j�h�f�Z�l�h�]�j�Z�f�f�� �g�Z�� �j�b�k������ �\�b�^�g�h���� �q�l�h��
�j�_�a�m�e�v�l�Z�l���j�Z�a�^�_�e�_�g�b�y���i�j�Z�d�l�b�q�_�k�d�b���g�_���b�a��
�f�_�g�y�_�l�k�y���\���l�_�q�_�g�b�_���^�\�Z�^�p�Z�l�b���p�b�d�e�h�\���i�j�h��
�p�_�k�k�Z���b���p�_�e�_�\�h�c���i�j�h�^�m�d�l �i�h���^�Z�g�g�u�f���w�e�_�d��
�l�j�h�n�h�j�_�a�Z���i�h�e�g�h�k�l�v�x���k�\�h�[�h�^�_�g���h�l���Z�e�v�[�m��
�f�b�g�Z���d�Z�d���i�h�k�e�_���i�_�j�\�h�]�h�����l�Z�d���b���i�h�k�e�_���^�\�Z��
�^�p�Z�l�h�]�h���p�b�d�e�Z���h�q�b�k�l�d�b�����K�e�_�^�m�_�l���h�l�f�_�l�b�l�v��
�l�Z�d�`�_�����q�l�h�� �k�� �b�k�i�h�e�v�a�h�\�Z�g�b�_�f�� �p�b�d�e�b�q�_��
�k�d�h�]�h���j�_�`�b�f�Z �i�j�b�[�e�b�a�b�l�_�e�v�g�h���a�Z���������q�Z�k�h�\��
�m�^�Z�_�l�k�y���g�Z�j�Z�[�h�l�Z�l�v�����������f�]��IgG �g�Z���d�h�e�h�g�d�_��
�h�[�t�_�f�h�f���� �k�f3�����B�f�f�m�g�h�]�e�h�[�m�e�b�g���\�u�^�_�e�y��
�_�l�k�y�� �m�a�d�h�c�� �o�j�h�f�Z�l�h�]�j�Z�n�b�q�_�k�d�h�c�� �a�h�g�h�c�� �k��
�d�h�g�p�_�g�l�j�Z�p�b�_�c�� ���� �f�]/�k�f3���� �M�q�b�l�u�\�Z�y�����q�l�h��
�_�f�d�h�k�l�v���k�h�j�[�_�g�l�Z���k�h�k�l�Z�\�e�y�_�l���������f�]���k�f3�����g�Z��
�d�h�e�h�g�d�m���f�h�`�g�h���g�Z�g�h�k�b�l�v���^�h����5 �k�f3 �b�k�o�h�^��
�g�h�]�h�� �j�Z�k�l�\�h�j�Z��IgG c �d�h�g�p�_�g�l�j�Z�p�b�_�c 
���� �f�]���k�f3���� �q�l�h�� �i�h�l�_�g�p�b�Z�e�v�g�h�� �i�h�\�u�r�Z�_�l��
�i�j�h�b�a�\�h�^�b�l�_�e�v�g�h�k�l�v���[�h�e�_�_���� �q�_�f�� �\�� �^�\�Z 
�j�Z�a�Z�����L�_�o�g�b�q�_�k�d�b�_���o�Z�j�Z�d�l�_�j�b�k�l�b�d�b���o�j�h�f�Z��
�l�h�]�j�Z�n�b�q�_�k�d�h�c�� �k�b�k�l�_�f�u�� �i�h�a�\�h�e�y�x�l�� �b�k��
�i�h�e�v�a�h�\�Z�l�v�� �d�h�e�h�g�d�b�� �h�[�t�_�f�h�f�� ���������k�f3 �b��
�[�h�e�_�_�� ���d�h�e�h�g�d�b�� �^�b�Z�f�_�l�j�h�f�� ������ �f�f������ �q�l�h��
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�h�[�_�k�i�_�q�b�\�Z�_�l�� �g�Z�j�Z�[�h�l�d�m�� �a�g�Z�q�b�l�_�e�v�g�u�o��
�d�h�e�b�q�_�k�l�\��Ig�*���� �^�h�k�l�Z�l�h�q�g�u�o�� �g�_�� �l�h�e�v�d�h��
�^�e�y���g�Z�m�q�g�u�o���b�k�k�e�_�^�h�\�Z�g�b�c�����g�h���b���^�e�y���i�h��
�e�m�q�_�g�b�y�� �i�b�e�h�l�g�u�o�� �i�Z�j�l�b�c�� �\�u�k�h�d�h�h�q�b��
�s�_�g�g�u�o���b�f�f�m�g�h�]�e�h�[�m�e�b�g�h�\��  

�>�j�m�]�h�c�� �r�b�j�h�d�h�� �b�k�i�h�e�v�a�m�_�f�u�c�� �f�_�l�h�^��
�Z�n�n�b�g�g�h�c�� �o�j�h�f�Z�l�h�]�j�Z�n�b�b���± �w�l�h�� �f�_�l�Z�e�e-
�o�_�e�Z�l�g�Z�y���o�j�h�f�Z�l�h�]�j�Z�n�b�y�� �>�e�y���j�_�Z�e�b�a�Z�p�b�b��
�f�_�l�h�^�Z���[�b�h�l�_�o�g�h�e�h�]�b�q�_�k�d�b�c���i�j�h�p�_�k�k���k�b�g��
�l�_�a�Z���p�_�e�_�\�h�]�h���[�_�e�d�Z���i�j�h�\�h�^�y�l���k���b�k�i�h�e�v�a�h��
�\�Z�g�b�_�f�� �d�h�g�k�l�j�m�d�p�b�b�����h�[�_�k�i�_�q�b�\�Z�x�s�_�c��
�i�j�b�r�b�\�d�m�� �g�_�k�d�h�e�v�d�b�o�� �h�k�l�Z�l�d�h�\ �]�b�k�l�b��
�^�b�g�Z (�h�[�u�q�g�h�� ���� �Z�f�b�g�h�d�b�k�e�h�l) �g�Z �K- �b�e�b��
N-�d�h�g�p�_���f�h�e�_�d�m�e�u���p�_�e�_�\�h�]�h���[�_�e�d�Z�����L�Z�d�Z�y��
�i�h�e�b�]�b�k�l�b�^�b�g�h�\�Z�y�� �i�h�k�e�_�^�h�\�Z�l�_�e�v�g�h�k�l�v 
�k�i�h�k�h�[�g�Z�� �i�j�h�q�g�h�� �k�\�y�a�u�\�Z�l�v�k�y�� �k�� �b�h�g�Z�f�b��
�i�_�j�_�o�h�^�g�u�o���f�_�l�Z�e�e�h�\�����g�Z�i�j�b�f�_�j�����g�b�d�_�e�y�� 

�<�� �d�Z�q�_�k�l�\�_�� �k�h�j�[�_�g�l�Z�� �^�e�y�� �k�\�y�a�u�\�Z�g�b�y��
�b�k�i�h�e�v�a�m�x�l�� �k�_�n�Z�j�h�a�m�� �b�e�b�� �^�j�m�]�h�c�� �g�h�k�b��
�l�_�e�v���k���a�Z�d�j�_�i�e�_�g�g�u�f�b���e�b�]�Z�g�^�Z�f�b���b�f�b�g�h��
�^�b�m�d�k�m�k�g�h�c�� ��Ni-IDA) �b�e�b�� �g�b�l�j�b�e�h�l�j�b�m�d��
�k�m�k�g�h�c (Ni-NTA) �d�b�k�e�h�l�u���� �d�h�l�h�j�u�_�� �w�n��
�n�_�d�l�b�\�g�h���k�\�y�a�u�\�Z�x�l���b�h�g�u���g�b�d�_�e�y���k���h�[�j�Z��
�a�h�\�Z�g�b�_�f���o�_�e�Z�l�g�h�]�h���d�h�f�i�e�_�d�k�Z���� 

�I�j�h�p�_�k�k���\�u�^�_�e�_�g�b�y���b���h�q�b�k�l�d�b���k�h�k�l�h�b�l��
�b�a���k�e�_�^�m�x�s�b�o���h�k�g�h�\�g�u�o���k�l�Z�^�b�c�����g�Z�k�u�s�_��
�g�b�y���k�h�j�[�_�g�l�Z���b�h�g�Z�f�b���g�b�d�_�e�y (�i�j�b���g�_�h�[�o�h��
�^�b�f�h�k�l�b)���� �i�j�h�f�u�\�d�b�� �d�h�e�h�g�d�b�� �^�e�y�� �m�^�Z�e�_��
�g�b�y�� �b�a�[�u�l�h�q�g�h�]�h�� �j�Z�k�l�\�h�j�Z�� �g�b�d�_�e�y���� �g�Z�g�_��
�k�_�g�b�y�� �k�u�j�v�y���� �\�� �i�j�h�p�_�k�k�_�� �d�h�l�h�j�h�]�h�� �p�_�e�_��
�\�h�c�� �[�_�e�h�d���� �k�h�^�_�j�`�Z�s�b�c�� �i�h�e�b�]�b�k�l�b�^�b�g�h��
�\�u�c�� �n�j�Z�]�f�_�g�l�� �k�\�y�a�u�\�Z�_�l�k�y�� �k�� �b�h�g�Z�f�b�� �g�b��
�d�_�e�y�����h�[�j�Z�a�m�y���k�f�_�r�Z�g�g�u�c���o�_�e�Z�l�g�u�c���d�h�f��
�i�e�_�d�k���� �i�j�h�f�u�\�d�b�� �d�h�e�h�g�d�b�� �^�e�y�� �m�^�Z�e�_�g�b�y��

�k�e�Z�[�h�� �k�\�y�a�Z�g�g�u�o�� �k�� �i�h�\�_�j�o�g�h�k�l�v�x�� �[�_�e�d�h�\��
�b�� �^�j�m�]�b�o�� �i�j�b�f�_�k�_�c���� �w�e�x�b�j�h�\�Z�g�b�y�� �p�_�e�_��
�\�h�]�h�� �[�_�e�d�Z�� �k�� �b�k�i�h�e�v�a�h�\�Z�g�b�_�f�� �[�m�n�_�j�g�h�]�h��
�j�Z�k�l�\�h�j�Z�����d�Z�d���i�j�Z�\�b�e�h�����k�h�^�_�j�`�Z�s�_�]�h���b�f�b��
�^�Z�a�h�e�����d�h�l�h�j�u�c���j�Z�a�j�m�r�Z�_�l���o�_�e�Z�l�g�u�c���d�h�f��
�i�e�_�d�k�� �j�_�]�_�g�_�j�Z�p�b�b�� �k�h�j�[�_�g�l�Z �i�m�l�_�f�� �i�j�h��
�f�u�\�d�b���_�]�h���[�m�n�_�j�g�u�f�b���j�Z�k�l�\�h�j�Z�f�b���b���\�h�a��
�\�j�Z�s�_�g�b�_ �\���b�k�o�h�^�g�h�_���k�h�k�l�h�y�g�b�_��  

�L�Z�d�h�c���f�_�l�h�^ �h�[�_�k�i�_�q�b�\�Z�_�l���m�`�_���g�Z���i�_�j��
�\�h�c�� �k�l�Z�^�b�b�� �\�u�^�_�e�_�g�b�y�� �^�h�k�l�Z�l�h�q�g�h�� �\�u�k�h��
�d�m�x���k�l�_�i�_�g�v���h�q�b�k�l�d�b���b���h�l�^�_�e�_�g�b�_���h�l���[�h�e�v��
�r�b�g�k�l�\�Z�� �i�j�b�f�_�k�_�c���� �f�_�r�Z�x�s�b�o�� �w�n�n�_�d��
�l�b�\�g�h�c�� �o�j�h�f�Z�l�h�]�j�Z�n�b�b�� �g�Z�� �k�e�_�^�m�x�s�b�o��
�k�l�Z�^�b�y�o�����<���h�i�u�l�_���b�k�i�h�e�v�a�h�\�Z�e�b���k�m�e�v�n�Z�l��
�g�u�c���h�k�Z�^�h�d�����i�h�e�m�q�_�g�g�u�c���i�h�k�e�_���j�Z�a�j�m�r�_��
�g�b�y���[�b�h�f�Z�k�k�u �k���j�_�d�h�f�[�b�g�Z�g�l�g�u�f���k�h�f�Z�l�h��
�l�j�h�i�b�g�h�f. �����]���h�k�Z�^�d�Z���j�Z�k�l�\�h�j�y�e�b���\���������k�f3 

�w�e�x�_�g�l�Z�� �:���� �n�b�e�v�l�j�h�\�Z�e�b�� �i�h�k�e�_�^�h�\�Z��
�l�_�e�v�g�h���q�_�j�_�a���n�b�e�v�l�j�u���������f�d�f���b����.�������f�d�f����
�H�[�j�Z�a�_�p���h�[�t�_�f�h�f���������k�f3 �k���d�h�g�p�_�g�l�j�Z�p�b�_�c��
�����f�]���k�f3 �g�Z�g�h�k�b�e�b���g�Z�k�h�k�h�f���k�h���k�d�h�j�h�k�l�v�x��
1 �k�f3���f�b�g �g�Z���d�h�e�h�g�d�m �h�[�t�_�f�h�f�������k�f3 (7.3 
�o ������ �f�f������ �a�Z�i�h�e�g�_�g�g�m�x �k�h�j�[�_�g�l�h�f��Ni-
NTA 6FF Galak ���D�b�l�Z�c���� �K���l�Z�d�h�c���`�_���k�d�h��
�j�h�k�l�v�x�� �i�j�h�\�h�^�b�e�b�� �o�j�h�f�Z�l�h�]�j�Z�n�b�x���� �I�h��
�k�e�_���g�Z�g�_�k�_�g�b�y���h�[�j�Z�a�p�Z���d�h�e�h�g�d�m���h�l�f�u�\�Z�e�b��
�w�e�x�_�g�l�h�f�� �:���� �p�_�e�_�\�h�c�� �[�_�e�h�d�� �w�e�x�b�j�h�\�Z�e�b��
�w�e�x�_�g�l�h�f���<�� 

�W�e�x�_�g�l�� �:���� ������ �f�F�� �g�Z�l�j�b�c-�n�h�k�n�Z�l�g�u�c��
0.���� �F��NaCl ������ �f�F�� �b�f�b�^�Z�a�h�e���� �j�G�� �������� 
�������f�K�f���k�f 

�W�e�x�_�g�l�� �<���� ������ �f�F�� �g�Z�l�j�b�c-�n�h�k�n�Z�l�g�u�c��
0.���� �F��NaCl 0.���� �F�� �b�f�b�^�Z�a�h�e���� �j�G�� ��.2, 
49.�����f�K�f���k�f�� 

 
�J�b�k���������O�j�h�f�Z�l�h�]�j�Z�f�f�u���\�u�^�_�e�_�g�b�y��IgG �g�Z���d�h�e�h�g�d�_ Protein A 6FF �h�[�t�_�f�h�f�������k�f3. 

�K�e�_�\�Z 1-�c �p�b�d�e, �k�i�j�Z�\�Z �± 20-�c �p�b�d�e 
Fig. 3. Chromatograms of IgG isolation on the 1 ml Protein A 6FF column. 1st cycle 

(left), 20th cycle (right). 
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�G�Z�� �j�b�k���� ���� �i�j�_�^�k�l�Z�\�e�_�g�u�� �j�_�a�m�e�v�l�Z�l�u��
�j�Z�a�^�_�e�_�g�b�y��His-�f�_�q�_�g�g�h�]�h�� �[�_�e�d�Z���� �d�h�l�h��
�j�u�_�� �^�_�f�h�g�k�l�j�b�j�m�x�l�� �w�n�n�_�d�l�b�\�g�h�_�� �b�a�\�e�_��
�q�_�g�b�_���p�_�e�_�\�h�]�h���d�h�f�i�h�g�_�g�l�Z���b�a���k�f�_�k�b�����;�_��
�e�h�d���\�u�^�_�e�y�_�l�k�y���m�a�d�h�c���n�j�Z�d�p�b�_�c���k���d�h�g�p�_�g��
�l�j�Z�p�b�_�c����-�����f�]���k�f3. 

�L�Z�d�b�f���h�[�j�Z�a�h�f�����f�h�`�g�h���]�h�\�h�j�b�l�v���h�[���w�n��
�n�_�d�l�b�\�g�h�f�� �b�k�i�h�e�v�a�h�\�Z�g�b�b�� �o�j�h�f�Z�l�h�]�j�Z�n�Z��
�g�b�a�d�h�]�h�� �^�Z�\�e�_�g�b�y�� �^�e�y�� �p�_�e�_�c�� �Z�n�n�b�g�g�h�c��
�o�j�h�f�Z�l�h�]�j�Z�n�b�b���d�Z�d���i�h���k�_�e�_�d�l�b�\�g�h�k�l�b���j�Z�a��
�^�_�e�_�g�b�y�����l�Z�d���b���i�h���g�Z�]�j�m�a�d�Z�f�����<���l�Z�d�h�f���i�j�h��
�p�_�k�k�_�� �\�Z�`�g�_�c�r�m�x�� �j�h�e�v�� �b�]�j�Z�x�l�� �o�Z�j�Z�d�l�_��
�j�b�k�l�b�d�b���k�h�j�[�_�g�l�Z���b���h�[�t�_�f���o�j�h�f�Z�l�h�]�j�Z�n�b��
�q�_�k�d�h�c�� �d�h�e�h�g�d�b���� �Z�� �o�j�h�f�Z�l�h�]�j�Z�n�� �g�b�a�d�h�]�h��
�^�Z�\�e�_�g�b�y���h�[�_�k�i�_�q�b�\�Z�_�l���k�h�i�h�k�l�Z�\�b�f�u�c���j�_��
�a�m�e�v�l�Z�l�� �k�� �o�j�h�f�Z�l�h�]�j�Z�n�b�q�_�k�d�b�f�b�� �k�b�k�l�_��
�f�Z�f�b �\�u�k�h�d�h�]�h���^�Z�\�e�_�g�b�y. 

�B�h�g�h�h�[�f�_�g�g�Z�y���o�j�h�f�Z�l�h�]�j�Z�n�b�y 
�B�h�g�h�h�[�f�_�g�g�Z�y���o�j�h�f�Z�l�h�]�j�Z�n�b�y �r�b�j�h�d�h��

�i�j�b�f�_�g�y�_�l�k�y�� �\�� �i�j�h�p�_�k�k�Z�o�� �\�u�^�_�e�_�g�b�y�� �b��
�h�q�b�k�l�d�b�� �[�_�e�d�h�\���� �?�_���b�k�i�h�e�v�a�m�x�l�� �d�Z�d�� �^�e�y 
�i�j�_�^�\�Z�j�b�l�_�e�v�g�h�c�� �h�q�b�k�l�d�b�� �b�� �d�h�g�p�_�g�l�j�b��
�j�h�\�Z�g�b�y�����l�Z�d���b���g�Z���[�h�e�_�_���i�h�a�^�g�b�o���k�l�Z�^�b�y�o��
�^�e�y�� �l�h�g�d�h�c�� �h�q�b�k�l�d�b�� �p�_�e�_�\�h�]�h�� �\�_�s�_�k�l�\�Z����
�J�Z�a�j�_�r�Z�x�s�Z�y�� �k�i�h�k�h�[�g�h�k�l�v�� �i�j�h�p�_�k�k�Z�� �a�Z��
�\�b�k�b�l�� �l�Z�d�`�_�� �h�l�� �o�Z�j�Z�d�l�_�j�b�k�l�b�d�� �k�h�j�[�_�g�l�Z����
�G�Z�f�b���i�j�h�\�_�^�_�g�u���k�j�Z�\�g�b�l�_�e�v�g�u�_���b�k�k�e�_�^�h��
�\�Z�g�b�y���l�j�_�o �k�h�j�[�_�g�l�h�\���j�Z�a�e�b�q�g�u�o�� �i�j�h�b�a��
�\�h�^�b�l�_�e�_�c���� �o�Z�j�Z�d�l�_�j�b�k�l�b�d�b�� �d�h�l�h�j�u�o��
�i�j�_�^�k�l�Z�\�e�_�g�u�� �\�� �l�Z�[�e�b�p�_�� ������ �W�l�h�� �k�h�j�[�_�g�l��
�G�_lios 30Q �\���d�h�e�h�g�d�_���h�[�t�_�f�h�f�������k�f3�����k�h�j��
�[�_�g�l Q SepFast HighRes Plus �����o������ �f�f��

�h�[�t�_�f�h�f�� �����k�f3 �b���Z�g�Z�e�h�]�b�q�g�Z�y�� �d�h�e�h�g�d�Z�� �k��
�k�h�j�[�_�g�l�h�f��Source 15Q.  

�B�a�m�q�_�g�b�_�� �i�j�h�\�h�^�b�e�b�� �g�Z�� �i�j�b�f�_�j�_�� �j�Z�a��
�^�_�e�_�g�b�y���e�b�h�n�b�e�v�g�h���\�u�k�m�r�_�g�g�h�c���d�m�e�v�l�m��
�j�Z�e�v�g�h�c�� �`�b�^�d�h�k�l�b�� �f�b�d�j�h�f�b�p�_�l�Z��Penicil-
lium verruculosum �k�� �d�e�h�g�b�j�h�\�Z�g�g�u�f�� �]�_��
�g�h�f���E-�d�k�b�e�h�a�b�^�Z�a�u�����H�[�j�Z�a�_�p���k���i�j�_�^�\�Z�j�b��
�l�_�e�v�g�h�� �h�[�_�k�k�h�e�_�g�g�h�c �b�� �i�_�j�_�\�_�^�_�g�g�h�c�� �\��
�w�e�x�_�g�l�� �:�� �d�m�e�v�l�m�j�Z�e�v�g�h�c�� �`�b�^�d�h�k�l�v�x �k��
�d�h�g�p�_�g�l�j�Z�p�b�_�c ���� �f�]���k�f3 �h�[�s�_�]�h�� �[�_�e�d�Z��
�g�Z�g�h�k�b�e�b�� �g�Z�� �o�j�h�f�Z�l�h�]�j�Z�n�b�q�_�k�d�b�_�� �d�h��
�e�h�g�d�b�� �b�a�� �j�Z�k�q�_�l�Z�� ������ �f�]�� �[�_�e�d�Z�� �g�Z�� �����k�f3 
�]�_�e�y��  

�W�e�x�_�g�l���:�����������f�F���;�b�k-�L�j�b�k���GCl�����j�G����.7; 
�W�e�x�_�g�l�� �<���� ���� �f�F���;�b�k-�L�j�b�k���GCl + 0.4 

�F��NaCl, �j�G��6.7.  
�H�[�j�Z�a�_�p�� �g�Z�g�h�k�b�e�b�� �\�� �k�l�Z�j�l�h�\�h�f��

�w�e�x�_�g�l�_�� �:���� �i�j�h�f�u�\�Z�e�b�� �^�h�� �m�k�l�Z�g�h�\�e�_�g�b�y��
�[�Z�a�h�\�h�c�� �e�b�g�b�b���� �]�j�Z�^�b�_�g�l�g�h�_�� �w�e�x�b�j�h�\�Z��
�g�b�_���i�j�h�\�h�^�b�e�b���h�l�������^�h�����������f�F��NaCl �a�Z��������
�h�[�t�_�f�h�\���d�h�e�h�g�d�b�����a�Z�l�_�f���i�j�h�\�h�^�b�e�b���w�e�x�b��
�j�h�\�Z�g�b�_�� �h�k�l�Z�\�r�b�o�k�y�� �[�_�e�d�h�\�u�o�� �i�j�b�f�_�k�_�c��
�k�l�m�i�_�g�q�Z�l�u�f�� �i�h�^�t�_�f�h�f�� �d�h�g�p�_�g�l�j�Z�p�b�b��
NaCl �^�h�����������f�F�����J�Z�a�^�_�e�_�g�b�_���g�Z���g�h�k�b�l�_�e�y�o��
�G�_lios 30Q �b��Q SepFast HighRes Plus �i�j�h��
�\�h�^�b�e�b�� �k�� �b�k�i�h�e�v�a�h�\�Z�g�b�_�f���j�Z�a�j�Z�[�h�l�Z�g�g�h�c��
�o�j�h�f�Z�l�h�]�j�Z�n�b�q�_�k�d�h�c���k�b�k�l�_�f�u�����Z���g�Z���g�h�k�b��
�l�_�e�_��Source 15Q �± �k�b�k�l�_�f�u��AKTA  Purifier 
�������� �\�u�k�h�d�h�]�h�� �^�Z�\�e�_�g�b�y���� �G�Z�� �j�b�k���� ���� �i�j�_�^��
�k�l�Z�\�e�_�g�u�� �o�j�h�f�Z�l�h�]�j�Z�n�b�q�_�k�d�b�_�� �i�j�h�n�b�e�b��
�j�Z�a�^�_�e�_�g�b�y���� �i�h�e�m�q�_�g�g�u�_�� �g�Z�� �o�j�h�f�Z�l�h�]�j�Z��
�n�b�q�_�k�d�b�o�� �k�b�k�l�_�f�Z�o�� �g�b�a�d�h�]�h�� �b�� �\�u�k�h�d�h�]�h��

 
�J�b�k���������F�_�l�Z�e�e-�o�_�e�Z�l�g�Z�y���o�j�h�f�Z�l�h�]�j�Z�n�b�y��His-�f�_�q�_�g�g�h�]�h���[�_�e�d�Z�� 

�D�h�e�h�g�d�Z�������k�f3 �k���k�h�j�[�_�g�l�h�f��Ni-NTA 6FF Galak 
Fig. 4. Metal chelate chromatography of His-tagged protein.  

1 ml column with a Ni-NTA 6FF Galak sorbent 
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�^�Z�\�e�_�g�b�y���� �\�� �m�k�e�h�\�b�y�o���� �h�[�_�k�i�_�q�b�\�Z�x�s�b�o��
�g�Z�b�e�m�q�r�_�_���j�Z�a�j�_�r�_�g�b�_���d�h�f�i�h�g�_�g�l�h�\�� 

�B�a���i�j�_�^�k�l�Z�\�e�_�g�g�u�o���j�_�a�m�e�v�l�Z�l�h�\���\�b�^�g�Z��
�\�Z�`�g�h�k�l�v�� �k�j�Z�\�g�b�l�_�e�v�g�u�o�� �b�k�k�e�_�^�h�\�Z�g�b�c��
�k�h�j�[�_�g�l�h�\���h�^�g�h�l�b�i�g�u�o�� �i�h�� �n�m�g�d�p�b�h�g�Z�e�v��
�g�h�c�� �]�j�m�i�i�_���� �L�Z�d�� �g�Z�� �d�h�e�h�g�d�_�� �k�� �k�h�j�[�_�g�l�h�f 
Helios 30Q �k���q�Z�k�l�b�p�Z�f�b���������f�d�f���i�j�b���j�Z�[�h�l�_��
�i�j�b���g�b�a�d�h�f���^�Z�\�e�_�g�b�b���a�Z���k�q�_�l���[�h�e�v�r�_�c���k�_��
�e�_�d�l�b�\�g�h�k�l�b�� �k�h�j�[�_�g�l�Z�� �i�h�e�m�q�_�g�h�� �e�m�q�r�_�_��
�j�Z�a�^�_�e�_�g�b�_���� �q�_�f�� �g�Z�� �d�h�e�h�g�d�_�� �k�� �k�h�j�[�_�g�l�h�f��
Source 15Q �k�� �q�Z�k�l�b�p�Z�f�b�� ������ �f�d�f���� �l�j�_�[�m�x��
�s�_�c���b�k�i�h�e�v�a�h�\�Z�g�b�y���\�u�k�h�d�h�]�h���^�Z�\�e�_�g�b�y�� 

�=�b�^�j�h�n�h�[�g�Z�y���o�j�h�f�Z�l�h�]�j�Z�n�b�y 
�=�b�^�j�h�n�h�[�g�Z�y�� �o�j�h�f�Z�l�h�]�j�Z�n�b�y�� �d�Z�d�� �i�j�Z��

�\�b�e�h���i�j�b�f�_�g�y�_�l�k�y���g�Z���k�l�Z�^�b�b���l�h�g�d�h�]�h���j�Z�a��
�^�_�e�_�g�b�y�� �[�_�e�d�h�\���� �<�� �d�Z�q�_�k�l�\�_�� �i�j�b�f�_�j�Z�� �b�k��
�i�h�e�v�a�h�\�Z�g�b�y���f�u���i�j�h�\�_�e�b���j�Z�a�^�_�e�_�g�b�_���i�j�h��
�l�_�h�e�b�l�b�q�_�k�d�b�o�� �i�j�h�n�_�j�f�_�g�l�h�\�� �l�j�b�i�k�b�g�h��
�]�_�g�Z���b���o�b�f�h�l�j�b�i�k�b�g�h�]�_�g�Z�����i�h�e�m�q�_�g�g�u�o���b�a��
�w�d�k�l�j�Z�d�l�Z�� �w�g�^�h�d�j�b�g�g�h�]�h�� �k�u�j�v�y�� �i�h�k�e�_��

�i�j�_�^�\�Z�j�b�l�_�e�v�g�h�c���h�q�b�k�l�d�b���b�h�g�h�h�[�f�_�g�g�h�c��
�o�j�h�f�Z�l�h�]�j�Z�n�b�_�c���� �J�Z�a�^�_�e�_�g�b�_ �\�� �j�_�`�b�f�_��
�]�b�^�j�h�n�h�[�g�h�c�� �o�j�h�f�Z�l�h�]�j�Z�n�b�b�� �i�j�h�\�h�^�b�e�b��
�g�Z���d�h�e�h�g�d�_���j�Z�a�f�_�j�h�f���������o�����������f�f��(68 �k�f3) 
�k�� �]�b�^�j�h�n�h�[�g�u�f�� �k�h�j�[�_�g�l�h�f��UniHR Butyl 
30S���� �I�j�h�p�_�k�k�� �h�k�m�s�_�k�l�\�e�y�e�b�� �\�� �o�h�e�h�^�g�h�c��
�d�h�f�g�Z�l�_�� �^�e�y�� �^�_�f�h�g�k�l�j�Z�p�b�b�� �\�h�a�f�h�`�g�h�k�l�b��
�j�Z�[�h�l�u�� �i�j�b�[�h�j�Z�� �\�� �m�k�e�h�\�b�y�o �g�b�a�d�b�o�� �l�_�f��
�i�_�j�Z�l�m�j��  

�J�Z�k�l�\�h�j���i�j�h�n�_�j�f�_�g�l�h�\�� �\�� �p�b�l�j�Z�l�g�h�f��
�[�m�n�_�j�_�� ����.�����F�� �k�h�� �k�l�Z�^�b�b�� �b�h�g�g�h�]�h�� �h�[��
�f�_�g�Z�����k�h�^�_�j�`�b�l����.�����F���o�e�h�j�b�^�Z���g�Z�l�j�b�y�����<��
�j�Z�k�l�\�h�j�� �^�h�[�Z�\�b�e�b�� ��.�����F�� �k�m�e�v�n�Z�l�Z�� �Z�f�f�h��
�g�b�y�� �^�h�� �w�e�_�d�l�j�h�i�j�h�\�h�^�g�h�k�l�b�� �������� �f�K�f���k�f 
���;�m�n�_�j�� �:������ �O�j�h�f�Z�l�h�]�j�Z�n�b�x���i�j�h�\�h�^�b�e�b���\��
�w�l�h�f�� �[�m�n�_�j�_�� �^�h�� �m�^�Z�e�_�g�b�y�� �h�k�g�h�\�g�h�c�� �i�j�b��
�f�_�k�b�����a�Z�l�_�f���w�e�x�b�j�h�\�Z�e�b���l�j�b�i�k�b�g�h�]�_�g���[�m��
�n�_�j�h�f���;����Na-�p�b�l�j�Z�l�g�u�c���[�m�n�_�j���k���^�h�[�Z�\�e�_��
�g�b�_�f���k�m�e�v�n�Z�l�Z�� �Z�f�f�h�g�b�y�� �^�h�� �������� �f�K�f���k�f����
�I�h�k�e�_���w�e�x�b�j�h�\�Z�g�b�y���l�j�b�i�k�b�g�h�]�_�g�Z���[�m�n�_�j��
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�J�b�k�������� �B�h�g�h�h�[�f�_�g�g�Z�y���o�j�h�f�Z�l�h�]�j�Z�n�b�y���d�m�e�v�l�m�j�Z�e�v�g�h�c���`�b�^�d�h�k�l�b��P. verruculosum �k���d�e�h�g�b��
�j�h�\�Z�g�g�u�f���]�_�g�h�f���E-�d�k�b�e�h�a�b�^�Z�a�u �g�Z���d�h�e�h�g�d�_��Biokal Q SepFast HighRes Plus CV 7 �k�f3 ���k�e�_�\�Z������

Helios 30Q CV 1 �k�f3 ���\���p�_�g�l�j�_�����b��Source 15Q, 7 �k�f3 ���k�i�j�Z�\�Z�� 
Fig. 5. Ion exchange chromatography of the P. verruculosum culture liquid with cloned ��-

xylosidase gene on the 7 ml Biokal Q SepFast HighRes Plus CV (left), 1 ml Helios 30Q CV 
(centre), and 7 ml Source 15Q (right) column 
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�f�_�g�y�e�b�� �g�Z�� �[�m�n�_�j�� �K���� �k�h�^�_�j�`�Z�s�b�c�� �p�b�l�j�Z�l��
�g�Z�l�j�b�y�� ��.�����F�� �k�� �k�m�e�v�n�Z�l�h�f���Z�f�f�h�g�b�y�� �^�h 
������ �f�K�f���k�f�� �b�� �w�e�x�b�j�h�\�Z�e�b�� �o�b�f�h�l�j�b�i�k�b�g�h��
�]�_�g�����<�W�@�O�� �Z�g�Z�e�b�a�� �i�h�e�m�q�_�g�g�u�o�� �n�j�Z�d�p�b�c��
�i�h�d�Z�a�u�\�Z�_�l�����q�l�h���f�_�l�h�^���i�h�a�\�h�e�y�_�l���\�u�^�_�e�b�l�v��
�i�j�h�n�_�j�f�_�g�l�u���\���b�g�^�b�\�b�^�m�Z�e�v�g�h�f���\�b�^�_���k���q�b��
�k�l�h�l�h�c�� �h�l�� ������ �^�h�� �������� �b�� �g�Z�]�j�m�a�d�h�c�� ����- 
�������f�]���k�f3 �k�h�j�[�_�g�l�Z�����q�l�h���k�h�h�l�\�_�l�k�l�\�m�_�l����.�����]��
�a�Z���h�^�b�g���o�j�h�f�Z�l�h�]�j�Z�n�b�q�_�k�d�b�c���p�b�d�e�� 

�=�_�e�v-�o�j�h�f�Z�l�h�]�j�Z�n�b�y���b���h�[�_�k�k�h�e�b�\�Z�g�b�_ 
�<�Z�`�g�u�f�b�� �f�_�l�h�^�Z�f�b���� �b�k�i�h�e�v�a�m�_�f�u�f�b��

�g�Z�� �j�Z�a�e�b�q�g�u�o�� �k�l�Z�^�b�y�o�� �o�j�h�f�Z�l�h�]�j�Z�n�b�q�_��
�k�d�h�c���h�q�b�k�l�d�b���[�_�e�d�h�\�����y�\�e�y�x�l�k�y���i�j�h�p�_�k�k�u����
�h�k�g�h�\�Z�g�g�u�_�� �g�Z�� �j�Z�a�^�_�e�_�g�b�b�� �d�h�f�i�h�g�_�g�l�h�\��
�i�h���b�o���j�Z�a�f�_�j�Z�f�����L�Z�d�b�_���i�h�^�o�h�^�u���b�k�d�e�x�q�b��
�l�_�e�v�g�h�� �\�Z�`�g�u�� �^�e�y�� �m�^�Z�e�_�g�b�y�� �k�h�e�_�c�� �i�j�b��
�i�h�^�]�h�l�h�\�d�_�� �d�� �k�l�Z�^�b�b�� �b�h�g�g�h�]�h�� �h�[�f�_�g�Z��
���g�Z�]�j�m�a�d�Z���^�h�����������h�l���h�[�t�_�f�Z���d�h�e�h�g�d�b�������^�e�y��
�]�j�m�i�i�h�\�h�]�h�� �j�Z�a�^�_�e�_�g�b�y�� �[�_�e�d�h�\�� �i�j�b��
�g�Z�]�j�m�a�d�Z�o���^�h�����������h�l���h�[�t�_�f�Z���d�h�e�h�g�d�b���b�e�b��
�^�e�y���n�b�g�b�r�g�h�c���h�q�b�k�l�d�b���p�_�e�_�\�h�]�h���[�_�e�d�Z���k��
�g�Z�]�j�m�a�d�Z�f�b�� �g�Z�� �m�j�h�\�g�_�� �������� �I�j�h�p�_�k�k�� �n�b��
�g�b�r�g�h�c���h�q�b�k�l�d�b���f�h�`�_�l���[�u�l�v���k�h�\�f�_�s�_�g���k��
�a�Z�f�_�g�h�c���k�h�k�l�Z�\�Z���j�Z�k�l�\�h�j�b�l�_�e�y���^�e�y���i�h�^�]�h��
�l�h�\�d�b���d�h�g�_�q�g�h�c���n�h�j�f�u���i�j�_�i�Z�j�Z�l�Z�� 

�=�_�e�v-�o�j�h�f�Z�l�h�]�j�Z�n�b�y�� �\�u�k�h�d�h�]�h�� �j�Z�a�j�_��
�r�_�g�b�y�� �h�[�u�q�g�h�� �j�_�Z�e�b�a�m�_�l�k�y�� �g�Z�� �^�e�b�g�g�u�o��
�d�h�e�h�g�d�Z�o�� ������-������ �k�f������ �a�Z�i�h�e�g�_�g�g�u�o�� �k�h�j��
�[�_�g�l�Z�f�b���k���q�Z�k�l�b�p�Z�f�b������-�������f�d�f�����q�l�h���l�j�_��
�[�m�_�l���i�j�b�f�_�g�_�g�b�y���o�j�h�f�Z�l�h�]�j�Z�n�Z���k�j�_�^�g�_�]�h��

�b�e�b���\�u�k�h�d�h�]�h���^�Z�\�e�_�g�b�y�����H�^�g�Z�d�h���b���g�Z���o�j�h��
�f�Z�l�h�]�j�Z�n�_���g�b�a�d�h�]�h���^�Z�\�e�_�g�b�y���f�h�`�g�h���i�h�e�m��
�q�b�l�v�� �i�j�_�^�k�l�Z�\�e�_�g�b�_�� �h�� �f�h�e�_�d�m�e�y�j�g�h-�f�Z�k��
�k�h�\�h�f���j�Z�k�i�j�_�^�_�e�_�g�b�b���g�Z���k�h�j�[�_�g�l�Z�o���k���a�_�j��
�g�_�g�b�_�f���[�h�e�_�_���������f�d�f���� 

�G�Z���j�b�k�������i�j�_�^�k�l�Z�\�e�_�g�Z���o�j�h�f�Z�l�h�]�j�Z�f�f�Z��
�j�Z�a�^�_�e�_�g�b�y���[�_�e�d�h�\���k���f�h�e�_�d�m�e�y�j�g�u�f�b���f�Z�k��
�k�Z�f�b�� �h�l�� ��.���� �^�h�� ������ �d�>�Z���� �d�h�g�Z�e�v�[�m�f�b�g�� ��������
kDA�������d�Z�j�[�h�Z�g�]�b�^�j�Z�a�Z (29 kDA)�����j�b�[�h�g�m��
�d�e�_�Z�a�Z��������.7 kDA) �b���Z�i�j�h�l�b�g�b�g������.5 kDA). 
�O�j�h�f�Z�l�h�]�j�Z�n�b�q�_�k�d�b�c���i�j�h�n�b�e�v���^�_�f�h�g�k�l�j�b��
�j�m�_�l�� �^�h�k�l�Z�l�h�q�g�h�� �\�u�k�h�d�m�x�� �k�l�_�i�_�g�v�� �j�Z�a�j�_��
�r�_�g�b�y�����q�l�h���i�h�a�\�h�e�y�_�l���j�_�r�Z�l�v���l�Z�d�b�_���a�Z�^�Z�q�b����
�d�Z�d���h�p�_�g�d�Z���f�h�e�_�d�m�e�y�j�g�h�c���f�Z�k�k�u���b�e�b���h�l�^�_��
�e�_�g�b�_���^�b�f�_�j�Z���[�_�e�d�Z���h�l���_�]�h���f�h�g�h�f�_�j�Z��  

�A�Z�d�e�x�q�_�g�b�_ 

�I�j�_�^�k�l�Z�\�e�_�g�g�u�_�� �j�_�a�m�e�v�l�Z�l�u�� �^�_�f�h�g��
�k�l�j�b�j�m�x�l���� �q�l�h�� �j�Z�a�j�Z�[�h�l�Z�g�g�u�c�� �h�l�_�q�_��
�k�l�\�_�g�g�u�c���e�Z�[�h�j�Z�l�h�j�g�u�c�� �o�j�h�f�Z�l�h�]�j�Z�n��
�g�b�a�d�h�]�h�� �^�Z�\�e�_�g�b�y���i�h�a�\�h�e�y�_�l�� �j�_�Z�e�b�a�h�\�Z�l�v��
�\�k�_���l�j�Z�^�b�p�b�h�g�g�u�_���f�_�l�h�^�u���o�j�h�f�Z�l�h�]�j�Z�n�b��
�q�_�k�d�h�]�h���\�u�^�_�e�_�g�b�y���b���h�q�b�k�l�d�b���[�_�e�d�h�\�����Z�n��
�n�b�g�g�m�x�����b�h�g�h�h�[�f�_�g�g�m�x�����]�b�^�j�h�n�h�[�g�m�x���b��
�]�_�e�v-�o�j�h�f�Z�l�h�]�j�Z�n�b�x�����\���l�h�f���q�b�k�e�_���\���m�k�e�h��
�\�b�y�o���i�h�g�b�`�_�g�g�h�c���l�_�f�i�_�j�Z�l�m�j�u�� 

�D�h�g�k�l�j�m�d�p�b�y�� �b�� �]�b�^�j�Z�\�e�b�q�_�k�d�Z�y�� �k�o�_�f�Z��
�i�j�b�[�h�j�Z�� �:�d�k�b�h�f�Z�� �>�_�[�x�l�� �\�� �k�h�q�_�l�Z�g�b�b�� �k��
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�i�h�l�h�d�������k�f3���f�b�g�� 
Fig. 6. Hydrophobic chromatography of 

proteolytic proenzymes on a 24x150 mm col-
umn with the UniHR Butyl 30S sorbent, flow 

rate: 9 ml/min 
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�l�h�f��Superdex 75 Prep 
Fig. 7. Gel chromatography of protein on an 

8x500 mm column with the Superdex75 Prep 
sorbent. 
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Abstract. The paper considers the patterns of polyol retention on zeolite 13X under HPLC conditions. Its 
purpose is to systematise our knowledge about the effect of the polyol structure and separation conditions on 
the retention of sorbates. The study continues to investigate the electrostatically-induced sieving effect (EISE) 
that had been discovered for the separation of monohydric alcohols on zeolite 13X. The obtained results con-
firm the presence of EISE during the separation of polyols on zeolite 13X. The retention of polyols on the 
sorbent increased with a decrease of the water content in the mobile phase, which is consistent with the prin-
ciples of normal-phase HPLC with water-compatible eluents, also known as hydrophilic interaction liquid 
chromatography (HILIC). However, the presence of a subnanoporous structure with Na+ cations, which causes 
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the EISE, seriously modifies the retention mechanism. In the case of polyols, the role of the position of the 
hydroxyl group in the sorbate molecule and the contribution of steric factors to retention increase. The complex 
nature of the dependence of the polyol retention (log�N�¶) on the hydrophobicity of sorbates (logP) is due to a 
combination of factors, including the pore geometry, the ability to undergo specific electrostatic interactions 
and form hydrogen bonds with groups on the surface of the zeolite. It was shown that there is a possibility to 
separate a mixture of lower polyols and water on zeolite 13X under optimal conditions, which is of interest for 
industrial preparative separation. Also, the obtained results make it possible to substantiate the possibility of 
using zeolite 13X to determine micro-quantities of water in polyols by HPLC. 
Keywords: normal phase chromatography, microporous sorbents, zeolite 13X, dynamic adsorption of polyols, 
electrostatically induced sieving effect. 
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�b���^�e�y���f�g�h�]�h�Z�l�h�f�g�u�o���k�i�b�j�l�h�\���b���k�Z�o�Z�j�h�\���k��
�[�h�e�v�r�b�f�� �d�h�e�b�q�_�k�l�\�h�f�� �]�b�^�j�h�d�k�b�e�v�g�u�o��
�]�j�m�i�i���\���f�h�e�_�d�m�e�Z�o���� 

�:�^�k�h�j�[�p�b�y�� �i�h�e�b�h�e�h�\�� �g�Z�� �p�_�h�e�b�l�Z�o�� �b�a��
�`�b�^�d�h�c���n�Z�a�u���b�a�m�q�_�g�Z���k�e�Z�[�h�� �<���j�Z�[�h�l�_���i�h��
�k�l�Z�l�b�q�_�k�d�h�c���Z�^�k�h�j�[�p�b�b���i�h�e�b�h�e�h�\���b�a���\�h�^��
�g�h�c�� �n�Z�a�u�� �i�h�e�y�j�g�u�f�� �p�_�h�e�b�l�h�f��NaY 
(Si/Al � �����������h�l�f�_�q�_�g�h���[�h�e�_�_���\�u�k�h�d�h�_���k�j�h�^��
�k�l�\�h�� �k�h�j�[�_�g�l�Z�� �d�� �w�l�b�e�_�g�]�e�b�d�h�e�x�� �i�h�� �k�j�Z�\��
�g�_�g�b�x�� �k�� �[�m�l�Z�g�^�b�h�e�h�f-1,2 [9]���� �:�\�l�h�j�u��
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�k�\�y�a�u�\�Z�x�l�� �^�Z�g�g�u�c�� �w�n�n�_�d�l�� �k�� �j�Z�a�g�b�p�_�c�� �\��
�d�b�g�_�l�b�q�_�k�d�b�o�� �^�b�Z�f�_�l�j�Z�o�� �w�l�b�e�_�g�]�e�b�d�h�e�y��
�����������g�f�����b���[�m�l�Z�g�^�b�h�e�Z-�������������������g�f�������D�j�h�f�_��
�l�h�]�h���� �w�l�b�e�_�g�]�e�b�d�h�e�v�� �b�� �[�m�l�Z�g�^�b�h�e-�������� �Z�^��
�k�h�j�[�b�j�m�x�l�k�y���i�h-�j�Z�a�g�h�f�m���g�Z���p�_�h�e�b�l�_��NaY 
�± �w�l�b�e�_�g�]�e�b�d�h�e�v�� �\�[�e�b�a�b�� �Z�l�h�f�Z�� �g�Z�l�j�b�y�� �\��
�k�l�j�m�d�l�m�j�_���p�_�h�e�b�l�Z�����\���l�h���\�j�_�f�y���d�Z�d���[�m�l�Z�g��
�^�b�h�e-�������� �i�j�_�^�i�h�q�l�b�l�_�e�v�g�_�_�� �Z�^�k�h�j�[�b�j�m��
�_�l�k�y�� �g�Z��w-�p�_�g�l�j�Z�o�� �k�� �h�[�j�Z�a�h�\�Z�g�b�_�f�� ����-
�q�e�_�g�g�h�c���k�l�j�m�d�l�m�j�u���� 

�I�h���^�Z�g�g�u�f���<�W�@�O��[10] �Z�^�k�h�j�[�p�b�y���i�h��
�e�b�h�e�h�\���g�Z���p�_�h�e�b�l�_��NaY (Si/Al  = 2.4�����\���^�b��
�g�Z�f�b�q�_�k�d�b�o�� �mc�e�h�\�b�y�o �\�h�� �f�g�h�]�h�f�� �h�i�j�_�^�_��
�e�y�e�Z�k�v�� �k�l�j�h�_�g�b�_�f�� �p�_�h�e�b�l�Z���� �:�\�l�h�j�u�� �k�q�b��
�l�Z�x�l���� �q�l�h�� �i�j�h�k�l�j�Z�g�k�l�\�_�g�g�h�_�� �j�Z�k�i�h�e�h�`�_��
�g�b�_���1�D+-�b�h�g�h�\���\�g�m�l�j�b���i�h�j���h�i�j�_�^�_�e�y�_�l���\�a�Z��
�b�f�h�^�_�c�k�l�\�b�_�� �k�� �i�h�e�b�n�m�g�d�p�b�h�g�Z�e�v�g�u�f�b��
�f�h�e�_�d�m�e�Z�f�b�� �a�Z�� �k�q�z�l�� �k�h�a�^�Z�g�b�y�� �k�i�_�p�b�n�b�q�_��
�k�d�h�]�h���w�e�_�d�l�j�h�k�l�Z�l�b�q�_�k�d�h�]�h���i�h�e�y���b���h�]�j�Z�g�b��
�q�_�g�g�h�c�� �i�h�^�\�b�`�g�h�k�l�b�� �f�h�e�_�d�m�e�� �\�h�^�u��
�\�g�m�l�j�b���i�h�j�����D�Z�l�b�h�g�u���f�_�l�Z�e�e�h�\���d�h�h�j�^�b�g�b��
�j�m�x�l���i�h�e�b�h�e�u���i�h���H�G-�]�j�m�i�i�Z�f��[10].  

�<�u�r�_�m�i�h�f�y�g�m�l�u�_���a�Z�d�h�g�h�f�_�j�g�h�k�l�b���Z�^��
�k�h�j�[�p�b�b���i�h�e�b�h�e�h�\���g�Z���p�_�h�e�b�l�Z�o���\���k�l�Z�l�b�q�_��
�k�d�b�o�� �b���� �\�� �h�k�h�[�_�g�g�h�k�l�b���� �^�b�g�Z�f�b�q�_�k�d�b�o��
�m�k�e�h�\�b�y�o���� �g�_�� �i�j�h�l�b�\�h�j�_�q�Z�l�� �i�j�b�g�p�b�i�Z�f��
�W�B�K�W�����h�[�g�Z�j�m�`�_�g�g�h�]�h���^�e�y���h�^�g�h�Z�l�h�f�g�u�o��
�k�i�b�j�l�h�\���g�Z���]�b�^�j�h�n�b�e�v�g�h�f���p�_�h�e�b�l�_�������O���\��
�m�k�e�h�\�b�y�o�� �<�W�@�O��[8]���� �I�h�w�l�h�f�m�� �p�_�e�v�x��
�g�Z�k�l�h�y�s�_�c�� �j�Z�[�h�l�u�� �[�u�e�h�� �b�a�m�q�_�g�b�_�� �m�^�_�j��
�`�b�\�Z�g�b�y�� �i�h�e�b�h�e�h�\ �g�Z�� �p�_�h�e�b�l�_�� �����O�� �k�� �Z�d��
�p�_�g�l�h�f���g�Z���i�j�h�y�\�e�_�g�b�_���w�n�n�_�d�l�Z���W�B�K�W�� 

�W�d�k�i�_�j�b�f�_�g�l�Z�e�v�g�Z�y���q�Z�k�l�v 

�<�� �d�Z�q�_�k�l�\�_�� �w�e�x�_�g�l�h�\�� �b�k�i�h�e�v�a�h�\�Z�e�b��
�o�j�h�f�Z�l�h�]�j�Z�n�b�q�_�k�d�b�� �q�b�k�l�u�c�� �f�_�l�Z�g�h�e�� �b�e�b��
�Z�p�_�l�h�g�b�l�j�b�e�� ���0�H�U�F�N���� �=�_�j�f�Z�g�b�y������ �<�� �d�Z�q�_��
�k�l�\�_�� �f�h�^�_�e�v�g�u�o�� �k�h�j�[�Z�l�h�\�� �b�k�i�h�e�v�a�h�\�Z�e�b��
�w�l�b�e�_�g�]�e�b�d�h�e�v�����D�h�f�i�h�g�_�g�l-�J�_�Z�d�l�b�\�����J�h�k��
�k�b�y������ ������-�i�j�h�i�Z�g�^�b�h�e�� �b�� ������-�i�j�h�i�Z�g�^�b�h�e��
���$�O�G�U�L�F�K���� �=�_�j�f�Z�g�b�y������ ������-�[�m�l�Z�g�^�b�h�e���� ��,3-
�[�m�l�Z�g�^�b�h�e����������-�[�m�l�Z�g�^�b�h�e�����\�k�_���)�O�X�N�D�����=�_�j��
�f�Z�g�b�y���� �b�� ������-�[�m�l�Z�g�^�b�h�e�� ���$�F�U�R�V�� �R�U�J�D�Q�L�F�V����
�;�_�e�v�]�b�y������ ������-�i�_�g�l�Z�g�^�b�h�e�� �b�� ������-�i�_�g�l�Z�g��
�^�b�h�e����Clearsynth, India), 1,2-�]�_�d�k�Z�g�^�b�h�e���b��
1,6-�]�_�d�k�Z�g�^�b�h�e�� ��Angene International, 
�Khina������ �]�e�b�p�_�j�b�g���� �w�l�b�l�j�b�l�h�e���� �k�h�j�[�b�l�h�e����
�b�g�h�a�b�l�h�e���� �Z�j�Z�[�b�g�h�a�Z���� �f�Z�g�g�h�a�Z���� �n�j�m�d�l�h�a�Z����
�]�e�x�d�h�a�Z�����d�k�b�e�h�a�Z�����J�_�Z�o�b�f�����J�h�k�k�b�y���� 

�<�� �j�Z�[�h�l�_�� �b�k�i�h�e�v�a�h�\�Z�e�b�� �o�j�h�f�Z�l�h�]�j�Z�n��
�D�j�b�k�l�Z�e�e�� �<�W�@�O�� ���������� ���O�j�h�f�Z�l�w�d���� �J�h�k��
�k�b�y�������k�h�k�l�h�y�s�b�c���b�a���g�Z�k�h�k�Z���\�u�k�h�d�h�]�h���^�Z�\��
�e�_�g�b�y�����^�_�]�Z�a�Z�l�h�j�Z���w�e�x�_�g�l�Z�����k�i�_�d�l�j�h�n�h�l�h��
�f�_�l�j�b�q�_�k�d�h�]�h�����K�N�>�����b���j�_�n�j�Z�d�l�h�f�_�l�j�b�q�_��
�k�d�h�]�h�� ���J�>���� �^�_�l�_�d�l�h�j�h�\���� �L�_�j�f�h�k�l�Z�l�b�j�h�\�Z��
�g�b�_���o�j�h�f�Z�l�h�]�j�Z�n�b�q�_�k�d�b�o���d�h�e�h�g�h�d���i�j�h�\�h��
�^�b�e�b �k���b�k�i�h�e�v�a�h�\�Z�g�b�_�f���`�b�^�d�h�k�l�g�h�]�h���l�_�j��
�f�h�k�l�Z�l�Z�� �<�L-8 (Thermex���� �J�h�k�k�b�y������ �K�[�h�j��
�^�Z�g�g�u�o�� �b�� �h�[�j�Z�[�h�l�d�m�� �o�j�h�f�Z�l�h�]�j�Z�f�f�� �i�j�h��
�\�h�^�b�e�b���k���i�h�f�h�s�v�x���i�j�h�]�j�Z�f�f�g�h�]�h���h�[�_�k�i�_��
�q�_�g�b�y�� �O�j�h�f�Z�l�w�d�� �:�g�Z�e�b�l�b�d�� ���������� �A�g�Z�q�_�g�b�y��
�d�h�w�n�n�b�p�b�_�g�l�h�\�� �]�b�^�j�h�n�h�[�g�h�k�l�b�� �k�h�_�^�b�g�_��
�g�b�c�� ��logPexp���� �\�a�y�l�u�� �b�a�� �i�j�h�]�j�Z�f�f�u��EPI-
WEB 4.������ �O�j�h�f�Z�l�h�]�j�Z�n�b�q�_�k�d�b�_�� �d�h�e�h�g�d�b��

 
�J�b�k�����������J�Z�a�^�_�e�_�g�b�_���k�f�_�k�b���f�_�l�Z�g�h�e�Z�����������b���^�_�c�l�_�j�h�f�_�l�Z�g�h�e�Z-d4 �����������D�h�e�h�g�d�Z���������O���������o���������f�f�� 

�����f�d�f�����W�e�x�_�g�l�����Z�p�_�l�h�g�b�l�j�b�e�����k�d�h�j�h�k�l�v���i�h�l�h�d�Z�����������k�f3���f�b�g�����������ƒ�&�����j�_�n�j�Z�d�l�h�f�_�l�j�b�q�_�k�d�b�c��
�^�_�l�_�d�l�h�j�� 

Fig 1. Separation of a mixture of methanol (1) and deuteromethanol- d4 (2). Column: 13X, 
50x4.6 mm, 4 µm. Eluent: acetonitrile; flow rate: 0.1 ml/min; 14 °C; refractometric detector. 
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�^�e�b�g�h�c���������b�e�b�����������f�f���b���\�g�m�l�j�_�g�g�b�f���^�b�Z��
�f�_�l�j�h�f�����������f�f���a�Z�i�h�e�g�y�e�b���k�m�k�i�_�g�a�b�h�g�g�u�f��
�k�i�h�k�h�[�h�f���f�b�d�j�h�i�h�j�b�k�l�u�f���p�_�h�e�b�l�h�f�������;��
�k���^�b�Z�f�_�l�j�h�f���q�Z�k�l�b�p�����������b�e�b�����������f�d�f�� 

�B�a�f�_�j�_�g�b�_�� �\�j�_�f�_�g�� �m�^�_�j�`�b�\�Z�g�b�y�� �f�h��
�^�_�e�v�g�u�o�� �k�h�j�[�Z�l�h�\�� �i�j�h�\�h�^�b�e�b�� �i�j�b�� �k�d�h�j�h��
�k�l�b�� �i�h�l�h�d�Z�� �i�h�^�\�b�`�g�h�c�� �n�Z�a�u�� ������- 
���������k�f3���f�b�g�����h�[�t�_�f�_���i�j�h�[�u���������f�d�e�����l�_�f�i�_��
�j�Z�l�m�j�_���h�l���d�h�f�g�Z�l�g�h�c���^�h�������ƒ�K�����<�j�_�f�y���m�k�l�Z��
�g�h�\�e�_�g�b�y�� �l�_�f�i�_�j�Z�l�m�j�g�h�]�h�� �j�Z�\�g�h�\�_�k�b�y��
�d�h�g�l�j�h�e�b�j�h�\�Z�e�b�� �i�h�� �i�h�k�l�h�y�g�k�l�\�m�� �[�Z�a�h�\�h�c��
�e�b�g�b�b���J�>�� 

�H�[�k�m�`�^�_�g�b�_���j�_�a�m�e�v�l�Z�l�h�\ 

�:�^�k�h�j�[�p�b�y�� �i�h�e�b�h�e�h�\�� �g�Z�� �g�_�i�h�e�y�j�g�u�o��
�p�_�h�e�b�l�Z�o�����A�Z�d�h�g�h�f�_�j�g�h�k�l�b���Z�^�k�h�j�[�p�b�b���i�h��
�e�b�h�e�h�\�� �b�a�� �`�b�^�d�h�c�� �n�Z�a�u�� �g�Z�� �g�_�i�h�e�y�j�g�u�o��
�p�_�h�e�b�l�Z�o �^�h�k�l�Z�l�h�q�g�h�� �o�h�j�h�r�h�� �b�a�m�q�_�g�u�� �\��
�j�Z�[�h�l�Z�o��[11, 12]���� �H�l�f�_�q�Z�_�l�k�y���� �q�l�h�� �h�k�g�h�\��
�g�h�c�� �^�\�b�`�m�s�_�c�� �k�b�e�h�c�� �Z�^�k�h�j�[�p�b�b�� �i�h�e�b�h��
�e�h�\�� �g�Z�� �]�b�^�j�h�n�h�[�g�u�o�� �p�_�h�e�b�l�Z�o�� �y�\�e�y�x�l�k�y��
�^�b�k�i�_�j�k�b�h�g�g�u�_�� �k�b�e�u�� �f�_�`�^�m�� �Z�^�k�h�j�[�Z�l�h�f��
�b�� �k�l�_�g�d�Z�f�b�� �i�h�j�� �p�_�h�e�b�l�h�\�����I�h�e�b�h�e�u�� �k��
�[�h�e�v�r�b�f�� �d�h�e�b�q�_�k�l�\�h�f�� �]�b�^�j�h�d�k�b�e�v�g�u�o��
�]�j�m�i�i���Z�^�k�h�j�[�b�j�m�x�l�k�y���o�m�`�_�����Z���i�h�e�h�`�_�g�b�_��
�]�b�^�j�h�d�k�b�e�v�g�h�c�� �]�j�m�i�i�u�� �\�� �f�h�e�_�d�m�e�_�� �i�j�Z�d��
�l�b�q�_�k�d�b���g�_���\�e�b�y�_�l���g�Z���Z�^�k�h�j�[�p�b�x�����M�\�_�e�b��
�q�_�g�b�_���i�h�e�y�j�g�h�k�l�b���k�h�j�[�_�g�l�Z���i�j�b���m�f�_�g�v�r�_��
�g�b�b�� �k�h�h�l�g�h�r�_�g�b�y��Si/Al  �\�� �p�_�h�e�b�l�_�� �i�h�\�u��
�r�Z�_�l�� �Z�^�k�h�j�[�p�b�h�g�g�m�x�� �_�f�d�h�k�l�v�� �i�h�� �i�h�e�b�h��
�e�Z�f��[11, 13]�����K�l�j�m�d�l�m�j�g�u�_���^�_�n�_�d�l�u�����i�j�b��
�\�h�^�y�s�b�_�� �d�� �h�[�j�Z�a�h�\�Z�g�b�x�� �k�b�e�Z�g�h�e�v�g�u�o��
�]�j�m�i�i���� �\�g�h�k�y�l�� �a�g�Z�q�b�l�_�e�v�g�u�c�� �\�d�e�Z�^�� �\�� �Z�^��
�k�h�j�[�p�b�x�� �i�h�e�b�h�e�h�\ [11, 13]. �I�j�b�� �m�f�_�g�v��
�r�_�g�b�b�� �j�Z�a�f�_�j�Z�� �i�h�j�� �p�_�h�e�b�l�Z�� �Z�^�k�h�j�[�p�b�y��
�i�h�e�b�h�e�h�\���\�h�a�j�Z�k�l�Z�_�l�����<���j�Z�[�h�l�_��[12] �h�l�f�_��
�q�Z�_�l�k�y�� �k�b�e�v�g�h�_�� �\�e�b�y�g�b�_�� �i�j�b�k�m�l�k�l�\�b�y��
�\�h�^�u���\���j�Z�k�l�\�h�j�Z�o�����k�g�b�`�Z�x�s�_�_���Z�^�k�h�j�[�p�b�x��
�i�h�e�b�h�e�h�\���i�h���k�j�Z�\�g�_�g�b�x���k���h�^�g�h�Z�l�h�f�g�u�f�b��
�k�i�b�j�l�Z�f�b�� �k�� �h�^�b�g�Z�d�h�\�h�c�� �^�e�b�g�h�c�� �Z�e�d�b�e�v��
�g�h�c���p�_�i�b���a�Z���k�q�_�l���d�h�g�d�m�j�_�g�p�b�b���H�G-�]�j�m�i�i��
�a�Z�� �Z�^�k�h�j�[�p�b�h�g�g�u�_�� �p�_�g�l�j�u�� �p�_�h�e�b�l�Z�����L�Z��
�d�b�f���h�[�j�Z�a�h�f�����i�h���f�g�_�g�b�x���Z�\�l�h�j�h�\�����i�j�b���Z�^��
�k�h�j�[�p�b�b�� �i�h�e�b�h�e�h�\�� �g�Z�� �Z�e�x�f�h�k�b�e�b�d�Z�l�g�u�o��
�f�Z�l�_�j�b�Z�e�Z�o���g�_�h�[�o�h�^�b�f�h���m�q�b�l�u�\�Z�l�v���\�d�e�Z�^��
�d�Z�d�� �d�b�k�e�h�l�g�u�o�� �p�_�g�l�j�h�\�� �;�j�_�g�k�l�_�^�Z���� �l�Z�d�� �b��
�k�b�e�Z�g�h�e�v�g�u�o���]�j�m�i�i���� 

�:�^�k�h�j�[�p�b�y���i�h�e�b�h�e�h�\���g�Z���$�O2O3 �b�a���`�b�^��
�d�h�c�� �n�Z�a�u���� �J�Z�g�_�_�� �[�u�e�Z�� �h�l�f�_�q�_�g�Z�� �\�_�^�m�s�Z�y��

�j�h�e�v���p�_�g�l�j�h�\���E�v�x�b�k�Z���k���d�Z�l�b�h�g�Z�f�b���f�_�l�Z�e��
�e�h�\���\���m�^�_�j�`�b�\�Z�g�b�b���h�^�g�h�Z�l�h�f�g�u�o���k�i�b�j�l�h�\��
�g�Z���i�h�e�y�j�g�h�f���p�_�h�e�b�l�_�������O��[8]�����H�^�g�Z�d�h�����b�a-
�a�Z���h�]�j�Z�g�b�q�_�g�g�h�]�h���q�b�k�e�Z���j�Z�[�h�l���i�h���Z�^�k�h�j�[��
�p�b�b�� �i�h�e�b�h�e�h�\�� �g�Z�� �i�h�e�y�j�g�u�o�� �p�_�h�e�b�l�Z�o�� �k��
�g�b�a�d�b�f�� �k�h�h�l�g�h�r�_�g�b�_�f��Si/Al  �^�e�y�� �h�p�_�g�d�b��
�\�e�b�y�g�b�y�� �j�Z�a�e�b�q�g�u�o�� �p�_�g�l�j�h�\�� �g�Z�� �Z�^�k�h�j�[��
�p�b�x���k�h�_�^�b�g�_�g�b�c���w�l�h�]�h���d�e�Z�k�k�Z�� �f�h�`�g�h���b�k��
�i�h�e�v�a�h�\�Z�l�v���^�Z�g�g�u�_�����i�h�e�m�q�_�g�g�u�_���^�e�y���]�b�^��
�j�Z�l�b�j�h�\�Z�g�g�h�]�h����-Al 2O3 - �l�b�i�b�q�g�h�]�h���i�j�_�^��
�k�l�Z�\�b�l�_�e�y�� �l�\�z�j�^�h�c�� �d�b�k�e�h�l�u�� �E�v�x�b�k�Z��[14]. 
�I�h�d�Z�a�Z�g�h���� �q�l�h�� �Z�^�k�h�j�[�p�b�y�� �i�h�e�b�h�e�h�\ �b�a��
�\�h�^�g�u�o�� �j�Z�k�l�\�h�j�h�\�� �m�\�_�e�b�q�b�\�Z�_�l�k�y�� �k�� �j�h��
�k�l�h�f���q�b�k�e�Z���]�b�^�j�h�d�k�b�e�v�g�u�o���]�j�m�i�i���\���f�h�e�_��
�d�m�e�_���k�i�b�j�l�Z�����Z���j�Z�k�i�h�e�h�`�_�g�b�_���H�G-�]�j�m�i�i���\��
�f�h�e�_�d�m�e�_�� �i�h�e�b�h�e�Z�� �h�d�Z�a�u�\�Z�_�l�� �a�g�Z�q�b�l�_�e�v��
�g�h�_�� �\�e�b�y�g�b�_�� �g�Z�� �Z�^�k�h�j�[�p�b�x���� �=�e�b�p�_�j�b�g�� �k��
�l�j�_�f�y�� �H�G-�]�j�m�i�i�Z�f�b�� �e�m�q�r�_�� �\�k�_�]�h�� �d�h�g�d�m��
�j�b�j�m�_�l���k���\�h�^�h�c���a�Z���Z�^�k�h�j�[�p�b�h�g�g�u�_���p�_�g�l�j�u��
��-Al 2O3���� �q�l�h�� �i�h�^�l�\�_�j�`�^�Z�_�l�k�y�� �g�Z�b�[�h�e�_�_��
�\�u�k�h�d�h�c���Z�^�k�h�j�[�p�b�_�c���k�j�_�^�b���i�h�e�b�h�e�h�\�����:�\��
�l�h�j�u�� �g�Z�[�e�x�^�Z�e�b�� �^�\�Z�� �g�Z�b�[�h�e�_�_�� �k�b�e�v�g�u�o��
�i�h�\�_�j�o�g�h�k�l�g�u�o�� �.- �b�� ��-�\�a�Z�b�f�h�^�_�c�k�l�\�b�y��
�f�_�`�^�m�� �^�\�m�f�y�� �d�h�g�p�_�\�u�f�b�� �H�G-�]�j�m�i�i�Z�f�b��
�]�e�b�p�_�j�b�g�Z�� �b�� �h�d�k�b�^�h�f�� �Z�e�x�f�b�g�b�y���� �Z�� �p�_�g��
�l�j�Z�e�v�g�Z�y�� �H�G-�]�j�m�i�i�Z�� �n�h�j�f�b�j�h�\�Z�e�Z�� �\�h�^�h��
�j�h�^�g�m�x���k�\�y�a�v���k���i�h�\�_�j�o�g�h�k�l�v�x����-Al 2O3 ����-
�\�a�Z�b�f�h�^�_�c�k�l�\�b�_������ �H�l�k�m�l�k�l�\�b�_�� �p�_�g�l�j�Z�e�v��
�g�h�c�� �]�b�^�j�h�d�k�b�e�v�g�h�c�� �]�j�m�i�i�u�� �\�� �i�j�h�i�Z�g�^�b��
�h�e�_-�������� �h�[�m�k�e�h�\�e�b�\�Z�_�l�� �[�h�e�_�_�� �k�e�Z�[�m�x�� �Z�^��
�k�h�j�[�p�b�x�� �i�h�� �k�j�Z�\�g�_�g�b�x�� �k�� �]�e�b�p�_�j�b�g�h�f����
�D�h�g�d�m�j�_�g�l�g�Z�y���Z�^�k�h�j�[�p�b�y���f�_�`�^�m���Z�^�k�h�j�[�b��
�j�h�\�Z�g�g�h�c���\�h�^�h�c���b���i�h�e�b�h�e�Z�f�b�����w�l�b�e�_�g�]�e�b��
�d�h�e�_�f���� ��,2-�i�j�h�i�Z�g�^�b�h�e�h�f���� �\�e�b�y�_�l�� �g�Z�� �b�o��
�i�h�]�e�h�s�_�g�b�_�� �b�a�� �\�h�^�g�u�o�� �j�Z�k�l�\�h�j�h�\�� �g�Z�� ��-
Al2O3���� �Z�� �Z�^�k�h�j�[�p�b�y�� �]�e�b�p�_�j�b�g�Z�� �b�� ������-�i�j�h��
�i�Z�g�^�b�h�e�Z���i�j�Z�d�l�b�q�_�k�d�b���g�_���a�Z�\�b�k�b�l���h�l���d�h�e�b��
�q�_�k�l�\�Z���\�h�^�u�����Z�^�k�h�j�[�b�j�h�\�Z�g�g�h�c���g�Z���$�O2O3.  

�M�^�_�j�`�b�\�Z�g�b�_�� �i�h�e�b�h�e�h�\�� �g�Z�� �p�_�h�e�b�l�_��
�����O�� �<���j�Z�[�h�l�_��[15] �^�e�y���p�_�h�e�b�l�Z�������O���Z�\�l�h��
�j�Z�f�b���[�u�e�b���i�h�e�m�q�_�g�u���e�b�g�_�c�g�u�_���d�h�j�j�_�e�y��
�p�b�h�g�g�u�_�� �a�Z�\�b�k�b�f�h�k�l�b�� �m�^�_�j�`�b�\�Z�g�b�y��
(logk�¶�����j�Z�a�e�b�q�g�u�o���k�h�_�^�b�g�_�g�b�c���\���f�_�l�Z�g�h�e�_��
�b�� �Z�p�_�l�h�g�b�l�j�b�e�_���h�l�� �b�o�� �i�h�e�y�j�g�h�k�l�b�� �i�h��
�K�g�Z�c�^�_�j�m�� ��P�¶������ �H�^�g�Z�d�h���� �a�Z�\�b�k�b�f�h�k�l�v�� �^�e�y��
�g-�Z�e�d�Z�g�h�e�h�\�� �b�f�_�e�Z�� �o�Z�j�Z�d�l�_�j�g�m�x��S-
�h�[�j�Z�a�g�u�c���o�Z�j�Z�d�l�_�j�����[�h�e�_�_���\�u�j�Z�`�_�g�g�u�c���\��
�Z�p�_�l�h�g�b�l�j�b�e�_�����q�l�h���i�h�a�\�h�e�b�e�h���h�[�h�k�g�h�\�Z�l�v��
�W�B�K�W���� �K�e�_�^�m�_�l�� �h�l�f�_�l�b�l�v���� �q�l�h�� �a�g�Z�q�_�g�b�y��
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P�¶ �b�a�f�_�j�y�x�l�k�y���w�d�k�i�_�j�b�f�_�g�l�Z�e�v�g�h�����b���\���e�b��
�l�_�j�Z�l�m�j�_���h�l�k�m�l�k�l�\�m�x�l���a�g�Z�q�_�g�b�y���w�l�h�]�h���i�Z��
�j�Z�f�_�l�j�Z �^�e�y���f�g�h�]�b�o���k�h�_�^�b�g�_�g�b�c�����\�d�e�x�q�Z�y��
�i�h�e�b�h�e�u�����I�h�w�l�h�f�m�� �[�u�e�Z�� �i�h�k�l�j�h�_�g�Z�� �a�Z�\�b��
�k�b�f�h�k�l�v�����j�b�k����������logk�¶���h�l���i�Z�j�Z�f�_�l�j�Z���]�b�^�j�h��
�n�h�[�g�h�k�l�b��logPexp���� �a�g�Z�q�_�g�b�y�� �d�h�l�h�j�h�]�h��
�h�i�j�_�^�_�e�_�g�u���^�e�y���f�g�h�]�b�o���h�j�]�Z�g�b�q�_�k�d�b�o���k�h��
�_�^�b�g�_�g�b�c�����l�Z�[�e�������������I�h�e�m�q�_�g�g�Z�y���^�e�y���������k�h��
�_�^�b�g�_�g�b�c�� �a�Z�\�b�k�b�f�h�k�l�v�� �b�f�_�_�l�� �\�b�^�� �]�b�i�_�j��

�[�h�e�u���b���^�_�f�h�g�k�l�j�b�j�m�_�l���k�g�b�`�_�g�b�_���m�^�_�j�`�b��
�\�Z�g�b�y���h�j�]�Z�g�b�q�_�k�d�b�o���k�h�_�^�b�g�_�g�b�c���k���j�h�k�l�h�f��
�]�b�^�j�h�n�h�[�g�h�k�l�b���� �q�l�h�� �o�Z�j�Z�d�l�_�j�g�h�� �^�e�y�� �G�N��
�<�W�@�O���� �B�g�l�_�j�_�k�g�h�� �h�l�f�_�l�b�l�v���� �q�l�h�� �k�h�_�^�b��
�g�_�g�b�y�� �k��logPexp �•�� �������� �g�_�� �m�^�_�j�`�b�\�Z�x�l�k�y�� �\��
�f�_�l�Z�g�h�e�_�� �b���w�e�x�b�j�m�x�l�k�y�� �\�� �f�_�j�l�\�h�f�� �h�[�t��
�_�f�_�����G�Z�b�[�h�e�_�_���k�b�e�v�g�h�_���m�^�_�j�`�b�\�Z�g�b�_���h�l�f�_��
�q�_�g�h�� �^�e�y�� �i�h�e�b�h�e�h�\�� �k�� �^�e�b�g�h�c�� �p�_�i�b�� ����C5 
���l�h�q�d�b������-�������g�Z���j�b�k���������� 

 
�L�Z�[�e�b�p�Z���������A�g�Z�q�_�g�b�y��logPexp �b��logk�¶�����f�_�l�Z�g�h�e�������������f�e���f�b�g�����^�e�y���f�h�^�_�e�v�g�u�o���k�h�_�^�b�g�_�g�b�c���g�Z���p�_�h��
�e�b�l�_�������O���\���m�k�e�h�\�b�y�o���<�W�@�O�� 
Table 1. logPexp and logk�¶�����P�H�W�K�D�Q�R�O�������������P�O���P�L�Q�����Y�D�O�X�H�V���I�R�U���P�R�G�H�O���F�R�P�S�R�X�Q�G�V���R�Q���]�H�R�O�L�W�H��
13X under HPLC conditions 
�‹  �<�_�s�_�k�l�\�h logPexp logk' �‹  �<�_�s�_�k�l�\�h logPexp logk' 

1 �g-�]�_�d�k�Z�g 4.15 -0.902 23 �>�F�K�H -1.35 -0.400 

2 �g-�]�_�i�l�Z�g 4.66 -0.875 24 �\�h�^�Z -1.38 0.728 

3 �l�h�e�m�h�e 2.73 -0.952 25 �^�b�w�l�b�e�d�_�l�h�g 0.99 -1.000 

4 �i-�d�k�b�e�h�e 3.15 -0.997 26 �f�_�l�b�e�[�m�l�b�e�d�_�l�h�g 1.38 -1.036 

5 �[�_�g�a�h�e 0.89 -1.035 27 �g-�]�_�i�l�Z�g�h�e 2.62 -1.086 

6 �^�b�w�l�b�e�h�\�u�c���w�n�b�j 0.89 -0.930 28 �g-�g�h�g�Z�g�h�e 3.77 -1.086 

7 �^�b�o�e�h�j�f�_�l�Z�g 1.25 -0.911 29 �g-�^�h�^�_�d�Z�g�h�e 5.13 -1.097 

8 �g-�]�_�d�k�Z�g�h�e 2.03 -1.078 30 1,2-�]�_�d�k�Z�g�^�b�h�e 0,69 �Z  1,20 

9 �g-�i�_�g�l�Z�g�h�e 1.19 -1.122 31 1,6-�]�_�d�k�Z�g�^�b�h�e 0,77 �Z  0,991 

10 �g-�i�_�g�l�Z�g�h�e 1.51 -1.036 32 1,2-�i�_�g�l�Z�g�^�b�h�e 0,20 �Z  1.190 

11 �b�a�h-�[�m�l�Z�g�h�e 0.76 -1.000 33 1,5-�i�_�g�l�Z�g�^�b�h�e 0,27 �Z  0,94 

12 �g-�[�m�l�Z�g�h�e 0.88 -0.597 34 1,2-�[�m�l�Z�g�^�b�h�e -0.29�Z -0.128 

13 �b-�i�j�h�i�Z�g�h�e 0.05 -0.813 35 1,3-�[�m�l�Z�g�^�b�h�e -0.29�Z -0.123 

14 �g-�i�j�h�i�Z�g�h�e 0.25 -0.576 36 2,3-�[�m�l�Z�g�^�b�h�e -0.92 -0.093 

15 �w�l�Z�g�h�e -0.31 -0.531 37 1,4-�[�m�l�Z�g�^�b�h�e -0.83 -0.087 

16 �f�_�l�b�e�w�l�b�e�d�_�l�h�g 0.29 -0.737 38 1,2-�i�j�h�i�Z�g�^�b�h�e -0.92 0.025 

17 1,4-�^�b�h�d�k�Z�g -0.27 -0.556 39 1,3-�i�j�h�i�Z�g�^�b�h�e -1.04 0.067 

18 �Z�p�_�l�h�g -0.24 -0.571 40 �w�l�b�e�_�g�]�e�b�d�h�e�v -1.36 0.615 

20 �Z�p�_�l�h�g�b�l�j�b�e -0.34 -0.160 41 �]�e�b�p�_�j�b�g -1.76 1.625 

21 �g�b�l�j�h�f�_�l�Z�g -0.35 0.069 42 �w�j�b�l�j�b�l�h�e -2.29 2.263�[ 

22 �>�F�N�: -1.01 -0.349 43 �k�h�j�[�b�l�h�e -2.47 2.754�[ 
�Z �± �i�j�b�\�_�^�_�g�u���j�Z�k�q�_�l�g�u�_���a�g�Z�q�_�g�b�y��logPcalc;  
�[ �± �Z�i�i�j�h�d�k�b�f�b�j�h�\�Z�g�g�u�_���a�g�Z�q�_�g�b�y���\�\�b�^�m���k�b�e�v�g�h�]�h���j�h�k�l�Z���m�^�_�j�`�b�\�Z�g�b�y���Z�^�k�h�j�[�Z�l�Z���k���m�f�_�g�v�r�_��
�g�b�_�f���k�h�^�_�j�`�Z�g�b�y���\�h�^�u���\���w�e�x�_�g�l�_�� 
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�<�� �p�_�e�h�f���� �g�_�e�b�g�_�c�g�Z�y�� �a�Z�\�b�k�b�f�h�k�l�v�� �]�h��
�\�h�j�b�l���h���k�e�h�`�g�h�f���f�_�o�Z�g�b�a�f�_���m�^�_�j�`�b�\�Z�g�b�y��
�k�h�j�[�Z�l�h�\�����]�^�_���m�q�b�l�u�\�Z�_�l�k�y���g�_���l�h�e�v�d�h���]�b�^��
�j�h�n�b�e�v�g�h�k�l�v�� �k�h�_�^�b�g�_�g�b�y���� �g�h�� �b�� �k�i�h�k�h�[��
�g�h�k�l�v���d���h�[�j�Z�a�h�\�Z�g�b�x���k�i�_�p�b�n�b�q�_�k�d�b�o���\�a�Z��
�b�f�h�^�_�c�k�l�\�b�c�� �k�� �Z�^�k�h�j�[�p�b�h�g�g�u�f�b�� �p�_�g��
�l�j�Z�f�b�����Z���l�Z�d�`�_�����k�h�h�l�g�h�r�_�g�b�_���j�Z�a�f�_�j�Z���i�h�j��
�p�_�h�e�b�l�Z���b���d�b�g�_�l�b�q�_�k�d�h�]�h���^�b�Z�f�_�l�j�Z���f�h�e�_��
�d�m�e���� �G�Z�i�j�b�f�_�j���� �h�l�d�e�h�g�_�g�b�_�� �h�l�� �i�h�e�m�q�_�g��
�g�h�c�� �a�Z�\�b�k�b�f�h�k�l�b�� �h�l�f�_�q�_�g�h�� �^�e�y�� �h�l�g�h�k�b��
�l�_�e�v�g�h�� �k�e�Z�[�h�� �m�^�_�j�`�b�\�Z�_�f�u�o�� �^�b�f�_�l�b�e��
�n�h�j�f�Z�f�b�^�Z�� ���>�F�N�:���� �b�� �^�b�f�_�l�b�e�k�m�e�v�n�h�d��
�k�b�^�Z�� ���>�F�K�H���� �������� �b�� �������� �b�� �h�l�g�h�k�b�l�_�e�v�g�h��
�k�b�e�v�g�h�� �m�^�_�j�`�b�\�Z�_�f�u�o�� �Z�p�_�l�h�g�b�l�j�b�e�Z�� �b��
�g�b�l�j�h�f�_�l�Z�g�Z ���������b���������� 

�I�j�b���b�k�i�h�e�v�a�h�\�Z�g�b�b���Z�p�_�l�h�g�b�l�j�b�e�Z���\���d�Z��
�q�_�k�l�\�_���w�e�x�_�g�l�Z���m�^�_�j�`�b�\�Z�g�b�_���i�h�e�b�h�e�h�\���g�Z��
�p�_�h�e�b�l�_�������O���h�d�Z�a�Z�e�h�k�v���q�j�_�a�\�u�q�Z�c�g�h���k�b�e�v��
�g�u�f�����q�l�h���k�\�y�a�Z�g�h���k�h���k�e�Z�[�h�c���k�i�h�k�h�[�g�h�k�l�v�x��
�w�l�h�]�h���j�Z�k�l�\�h�j�b�l�_�e�y���h�[�j�Z�a�h�\�u�\�Z�l�v���\�h�^�h�j�h�^��
�g�u�_�� �k�\�y�a�b��[8, 10]���� �A�Z�\�b�k�b�f�h�k�l�b���� �i�h�e�m�q�_�g��
�g�u�_���^�e�y���i�h�e�b�h�e�h�\���\���f�_�l�Z�g�h�e�_�����i�h�d�Z�a�u�\�Z�x�l��
�d�h�j�j�_�e�y�p�b�x���m�^�_�j�`�b�\�Z�g�b�y���k���^�e�b�g�h�c���m�]�e�_�\�h��
�^�h�j�h�^�g�h�]�h���j�Z�^�b�d�Z�e�Z���Z�^�k�h�j�[�Z�l�Z�����j�b�k�������������q�l�h��
�o�Z�j�Z�d�l�_�j�g�h�� �^�e�y�� �W�B�K�W���� �g�Z�[�e�x�^�Z�_�f�h�]�h�� �^�e�y��
�h�^�g�h�Z�l�h�f�g�u�o���k�i�b�j�l�h�\��[8].  

�D�b�g�_�l�b�q�_�k�d�b�_���w�n�n�_�d�l�u�� �>�e�y���^�b�h�e�h�\�����\��
�h�k�h�[�_�g�g�h�k�l�b�����^�e�y���[�m�l�Z�g�^�b�h�e�h�\�����\���h�l�e�b�q�b�_��
�h�l���h�^�g�h�Z�l�h�f�g�u�o���k�i�b�j�l�h�\�����k���m�f�_�g�v�r�_�g�b�_�f��

�k�d�h�j�h�k�l�b�� �i�h�l�h�d�Z �g�Z�[�e�x�^�Z�_�l�k�y�� �j�h�k�l�� �h�[�t��
�_�f�Z���m�^�_�j�`�b�\�Z�g�b�y����logVR)�����q�l�h���o�h�j�h�r�h���k�h��
�]�e�Z�k�m�_�l�k�y���k���i�j�_�^�k�l�Z�\�e�_�g�b�y�f�b���h���d�b�g�_�l�b�q�_��
�k�d�h�c�� �k�_�e�_�d�l�b�\�g�h�k�l�b�� �\�� �f�b�d�j�h�i�h�j�b�k�l�u�o��
�k�h�j�[�_�g�l�Z�o���>���@�����d�h�l�h�j�Z�y���h�[�t�y�k�g�y�_�l�k�y���[�h�e�_�_��
�]�e�m�[�h�d�b�f�� �i�j�h�g�b�d�g�h�\�_�g�b�_�f�� �f�h�e�_�d�m�e�� �Z�^��
�k�h�j�[�Z�l�Z���\���i�h�j�u���Z�^�k�h�j�[�_�g�l�Z���i�j�b���m�f�_�g�v�r�_��
�g�b�b���e�b�g�_�c�g�h�c���k�d�h�j�h�k�l�b���w�e�x�_�g�l�Z�����j�b�k������������
�<�� �^�Z�g�g�h�c�� �j�Z�[�h�l�_�� �l�Z�d�h�c�� �w�n�n�_�d�l�� �[�u�e��
�g�Z�b�[�h�e�_�_���y�j�d�h���\�u�j�Z�`�_�g���^�e�y���[�m�l�Z�g�^�b�h�e�h�\��
�i�j�b�� �h�[�t�_�f�g�h�c�� �k�d�h�j�h�k�l�b�� �f�_�g�v�r�_ 
���������k�f3���f�b�g. �;�e�b�a�d�b�_���j�Z�a�f�_�j�u���f�h�e�_�d�m�e���[�m��
�l�Z�g�^�b�h�e�Z-�������� ���d�b�g�_�l�b�q�_�k�d�b�c�� �^�b�Z�f�_�l�j 
�����������g�f�������[�m�l�Z�g�^�b�h�e�Z-���������������������g�f�����>�����������@���b��
�^�b�Z�f�_�l�j�Z���i�h�j���p�_�h�e�b�l�Z�������O�����'�i�h�j��� �������������g�f����
�i�h�a�\�h�e�y�x�l�� �i�j�_�^�i�h�e�h�`�b�l�v�� �g�Z�e�b�q�b�_�� �w�n�n�_�d��
�l�h�\�� �d�b�g�_�l�b�q�_�k�d�h�c�� �k�_�e�_�d�l�b�\�g�h�k�l�b�� �i�j�b�� �j�Z�a��
�^�_�e�_�g�b�b���w�l�b�o���k�h�_�^�b�g�_�g�b�c�� 

�L�_�i�e�h�\�u�_���w�n�n�_�d�l�u���Z�^�k�h�j�[�p�b�b���^�b�h�e�h�\�� 
�>�e�y���i�h�g�b�f�Z�g�b�y���f�_�o�Z�g�b�a�f�Z���Z�^�k�h�j�[�p�b�b���i�h��
�e�b�h�e�h�\�� �g�Z�� �p�_�h�e�b�l�_�� �����O�� �b�a�� �m�j�Z�\�g�_�g�b�y��
�<�Z�g�l-�=�h�n�n�Z�� �������� �[�u�e�b�� �j�Z�k�k�q�b�l�Z�g�u�� �a�g�Z�q�_��
�g�b�y���h�l�g�h�k�b�l�_�e�v�g�u�o���l�_�i�e�h�l���Z�^�k�h�j�[�p�b�b�����w�g��
�l�Z�e�v�i�b�b����-�¨H00�����b���w�g�l�j�h�i�b�b����-�¨S0 ���3�
�5): 

�H�J�G�ñ
L��
F
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E��

�Ì �,

�Ë

E�?�K�J�O�P���:
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�]�^�_���3���± �n�Z�a�h�\�h�_���k�h�h�l�g�h�r�_�g�b�_�����i�h�k�l�h�y�g�g�h�_��
�^�e�y�� �h�l�^�_�e�v�g�h�� �\�a�y�l�h�c�� �d�h�e�h�g�d�b�����<�� �j�Z�[�h�l�_��

  
�J�b�k�����������A�Z�\�b�k�b�f�h�k�l�v���O�R�J�N�¶���f�h�^�_�e�v�g�u�o���k�h�_�^�b��
�g�_�g�b�c���g�Z���p�_�h�e�b�l�_�������O���h�l���O�R�J�3�H�[�S�����W�e�x�_�g�l��
�f�_�l�Z�g�h�e���������ƒ�K�����G�h�f�_�j�Z���k�h�h�l�\�_�l�k�l�\�m�x�l���h�[�h��

�a�g�Z�q�_�g�b�x���k�h�_�^�b�g�_�g�b�c���\���l�Z�[�e�b�p�_������ 
 

Fig 2. �'�H�S�H�Q�G�H�Q�F�H���R�I���O�R�J�N�¶���P�R�G�H�O���F�R�P�S�R�X�Q�G�V��
on zeolite 13X on logPexp. Eluent: methanol, 

35 °C. The numbers correspond to the designa-
tions of the compounds in Table 1. 

�J�b�k����������logVR �h�l��nC �^�e�y���g-�k�i�b�j�l�h�\�����”�������b�a�h-
�k�i�b�j�l�h�\�����¸�������w�e�x�_�g�l���± �Z�p�_�l�h�g�b�l�j�b�e�����b���^�b�h�e�h�\��

���w�e�x�_�g�l���± �f�_�l�Z�g�h�e�������x���± �l�_�j�f�b�g�Z�e�v�g�u�_�� 
�z���± 1,2-�^�b�h�e�u�������k�d�h�j�h�k�l�v���i�h�l�h�d�Z 

���������k�f3���f�b�g�����D�h�e�h�g�d�Z: 13�O, 50x4.6 �f�f , 5 �f�d�f 
Fig. 3. logVR on nC for n-�D�O�F�R�K�R�O�V�����”�������L�V�R�D�O�F�R�K�R�O�V��
���¸�������H�O�X�H�Q�W�����D�F�H�W�R�Q�L�W�U�L�O�H�����D�Q�G���G�L�R�O�V�����H�O�X�H�Q�W�����P�H�W�K�D��

�Q�R�O�������x���± �W�H�U�P�L�Q�D�O�����z���± 1,2-diols); flow rate: 
0.5 ml/min. Column: 13X, 50x4.6 mm, 5 µm 
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�k�h�[�e�x�^�Z�e�b�� �m�k�e�h�\�b�y�� �i�j�b�f�_�g�b�f�h�k�l�b�� �m�j�Z�\��
�g�_�g�b�y�� �<�Z�g�l-�=�h�n�n�Z�� �\�� �<�W�@�O���� �k�n�h�j�f�m�e�b��
�j�h�\�Z�g�g�u�_���\���j�Z�[�h�l�_��[17]. 

�A�g�Z�q�_�g�b�y��-�ûH00 �m�f�_�g�v�r�Z�x�l�k�y�� �h�l�� �w�l�b��
�e�_�g�]�e�b�d�h�e�y�� �d�� �i�j�h�i�Z�g�^�b�h�e�Z�f�� �Z�g�Z�e�h�]�b�q�g�h��
�j�Z�g�_�_���i�h�e�m�q�_�g�g�u�f���^�Z�g�g�u�f���^�e�y���g-�Z�e�d�Z�g�h��
�e�h�\��[8]���� �b�� �\�h�a�j�Z�k�l�Z�x�l�� �^�e�y�� �[�m�l�Z�g�^�b�h�e�h�\��
���l�Z�[�e�������������q�l�h���f�h�`�_�l���[�u�l�v���k�\�y�a�Z�g�h���k�h���k�l�_��
�j�b�q�_�k�d�b�f�b���i�j�_�i�y�l�k�l�\�b�y�f�b���^�e�y���^�b�n�n�m�a�b�b��
�[�h�e�_�_�� �d�j�m�i�g�u�o�� �f�h�e�_�d�m�e�� �\�g�m�l�j�v�� �i�h�j�� �p�_�h��
�e�b�l�Z�� �����O���� �:�\�l�h�j�u�� �j�Z�[�h�l�u��[9] �h�l�f�_�l�b�e�b����
�q�l�h���k���j�h�k�l�h�f���l�_�f�i�_�j�Z�l�m�j�u���i�e�h�l�g�h�k�l�v���m�i�Z��
�d�h�\�d�b�� �f�h�e�_�d�m�e�� �[�m�l�Z�g�^�b�h�e�Z-�������� �\�� �i�h�j�Z�o��
�p�_�h�e�b�l�Z��NaY�����\�e�b�y�x�s�Z�y���g�Z������� �̈6�R�������\�h�a�j�Z�k��
�l�Z�_�l�� �i�h�� �k�j�Z�\�g�_�g�b�x�� �k�� �w�l�b�e�_�g�]�e�b�d�h�e�_�f����

�O�h�l�y�� �w�g�_�j�]�b�y�� �Z�^�k�h�j�[�p�b�b�� ������-�[�m�l�Z�g�^�b�h�e�Z��
�g�Z���p�_�h�e�b�l�_��NaY �\�u�r�_���w�g�_�j�]�b�b���Z�^�k�h�j�[�p�b�b��
�w�l�b�e�_�g�]�e�b�d�h�e�y���� �g�h�� �b�a-�a�Z�� �[�h�e�_�_�� �i�e�h�l�g�h�c��
�m�i�Z�d�h�\�d�b�� �f�h�e�_�d�m�e�� �w�l�b�e�_�g�]�e�b�d�h�e�y�� �\�� �i�h��
�j�Z�o���� �h�l�g�h�k�b�l�_�e�v�g�h�� �f�_�g�v�r�_�_�� �q�b�k�e�h�� �f�h�e�_��
�d�m�e�� ������-�[�m�l�Z�g�^�b�h�e�Z�� �\�a�Z�b�f�h�^�_�c�k�l�\�m�x�l�� �k��
�\�g�m�l�j�_�g�g�_�c�� �i�h�\�_�j�o�g�h�k�l�v�x�� �i�h�j���� �E�b�l�_�j�Z��
�l�m�j�g�u�_���^�Z�g�g�u�_���>���@���o�h�j�h�r�h���k�h�]�e�Z�k�m�x�l�k�y���k��
�j�_�a�m�e�v�l�Z�l�Z�f�b �^�Z�g�g�h�c�� �j�Z�[�h�l�u���� �G�Z�b�f�_�g�v��
�r�b�_�� �a�g�Z�q�_�g�b�y��-�ûH00 �k�j�_�^�b�� �[�m�l�Z�g�^�b�h�e�h�\��
�g�Z�[�e�x�^�Z�e�b�� �^�e�y�� ������-�[�m�l�Z�g�^�b�h�e�Z���� �q�l�h�� �k�\�y��
�a�Z�g�h�� �k�� �h�]�j�Z�g�b�q�_�g�b�y�f�b�� �g�Z�� �\�j�Z�s�_�g�b�y�� �_�]�h��
�f�h�e�_�d�m�e�u���b�a-�a�Z���g�Z�e�b�q�b�y���^�\�m�o���H�G-�]�j�m�i�i���m��
�k�h�k�_�^�g�b�o�� �Z�l�h�f�h�\�� �m�]�e�_�j�h�^�Z��[18]���� �B�a�f�_�g�_��
�g�b�_���¨�+�R�R �h�l�\�_�q�Z�_�l���a�Z���b�a�f�_�g�_�g�b�_���w�g�_�j�]�b�b����

 
�J�b�k�����������O�R�J�9�5���h�l���Q�&���^�e�y���.���&-�a�Z�f�_�s�_�g�g�u�o���^�b�h�e�h�\�����:�����b��������-�^�b�h�e�h�\�����;�����i�j�b���k�d�h�j�h�k�l�b���i�h��

�l�h�d�Z�����������k�f3���f�b�g�����”���������������k�f3���f�b�g�����v���������������k�f3���f�b�g�����x�������D�h�e�h�g�d�Z: 13�O, 50�o4.6 �f�f , 4 �f�d�f.  
Fig. 4. logVR on nC for �.,�&-substituted diols (�: ) and 1,2-diols (B) at a flow rate of 0.3 

�P�O���P�L�Q�����”���������������P�O���P�L�Q�����v���������������P�O���P�L�Q�����x�������&�R�O�X�P�Q��������X, 50x4.6 mm, 4 µm. 
 

�L�Z�[�e�b�p�Z���������J�Z�k�k�q�b�l�Z�g�g�u�_���a�g�Z�q�_�g�b�y���d�Z�`�m�s�b�o�k�y���l�_�i�e�h�l���Z�^�k�h�j�[�p�b�b���h�^�g�h�Z�l�h�f�g�u�o���k�i�b�j�l�h�\���b�a��
�Z�p�_�l�h�g�b�l�j�b�e�Z���b���i�h�e�b�h�e�h�\���b�a���f�_�l�Z�g�h�e�Z���g�Z���p�_�h�e�b�l�_�������O�� 
Table 2. The calculated values of the apparent heat of adsorption of monohydric alcohols from 
acetonitrile and polyols from methanol on zeolite 13X.  

�K�h�_�^�b�g�_�g�b�_   -�¨Hoo, �d�>�`���f�h�e�v�� -��� S̈o+�3*R�������^�`�����f�h�e�v�
�D��  
�;�m�l�Z�g�^�b�h�e-1,2  15.05±0.5 51.0±0.3 
�;�m�l�Z�g�^�b�h�e-1,3  15.73±0.4 53.4±0.2 
�;�m�l�Z�g�^�b�h�e-2,3  13.28±0.3 44.8±0.2 
�;�m�l�Z�g�^�b�h�e-1,4  15.86±0.2 54.0±0.2 
�I�j�h�i�Z�g�^�b�h�e-1,2  2.3±0.1 6.8±0.1 
�I�j�h�i�Z�g�^�b�h�e-1,3  3.7±0.3 10.4±0.2 
�W�l�b�e�_�g�]�e�b�d�h�e�v 5.38±0.05 6.61±0.01 
�g-�[�m�l�Z�g�h�e�\ 11.05±0.02 41.76±0.02 
�g-�i�j�h�i�Z�g�h�e�\ 18.83±0.03 55.47±0.01 
�W�l�Z�g�h�e�\ 19.85±0.01 48.75±0.01 
�F�_�l�Z�g�h�e�\ 19.94±0.02 41.48±0.02 

�\ �± �^�Z�g�g�u�_���\�a�y�l�u���b�a���j�Z�[�h�l�u��[8]. 
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�\�h�a�g�b�d�Z�x�s�_�_���\���j�_�a�m�e�v�l�Z�l�_���\�a�Z�b�f�h�^�_�c�k�l�\�b�y��
�Z�^�k�h�j�[�Z�l�Z���k���p�_�h�e�b�l�h�f�����Z���b�a�f�_�g�_�g�b�_���¨�6�R �k�\�y��
�a�Z�g�h�� �k�� �i�j�h�k�l�j�Z�g�k�l�\�_�g�g�u�f�� �j�Z�k�i�h�e�h�`�_�g�b�_�f��
�f�h�e�_�d�m�e���b���i�h�j���p�_�h�e�b�l�Z�����;�e�b�a�h�k�l�v���j�Z�a�f�_�j�h�\��
�f�h�e�_�d�m�e���[�m�l�Z�g�^�b�h�e�h�\���b���i�h�j���p�_�h�e�b�l�Z���a�Z�k�l�Z�\��
�e�y�_�l�� �f�h�e�_�d�m�e�u�� �i�j�h�g�b�d�Z�l�v�� �\�� �i�h�j�u�� �\�i�j�b��
�l�b�j�d�m���� �q�l�h�� �k�h�i�j�h�\�h�`�^�Z�_�l�k�y�� �w�n�n�_�d�l�h�f�� �w�g��
�l�Z�e�v�i�b�c�g�h-�w�g�l�j�h�i�b�c�g�h�c���d�h�f�i�_�g�k�Z�p�b�b��[19]. 
�L�Z�d�b�f���h�[�j�Z�a�h�f�����j�Z�k�i�h�e�h�`�_�g�b�_���]�b�^�j�h�d�k�b�e�v��
�g�u�o�� �]�j�m�i�i�� �\�� �i�h�e�b�h�e�Z�o�� �h�d�Z�a�u�\�Z�_�l�� �k�b�e�v�g�h�_��
�\�e�b�y�g�b�_���g�Z���b�o���m�^�_�j�`�b�\�Z�g�b�_�� 

�<�e�b�y�g�b�_ �k�h�k�l�Z�\�Z���n�Z�a�u���g�Z���m�^�_�j�`�b�\�Z�g�b�_��
�i�h�e�b�h�e�h�\�� �K�q�b�l�Z�_�l�k�y��[10]�����q�l�h���n�Z�d�l�h�j�h�f����
�h�i�j�_�^�_�e�y�x�s�b�f�� �m�^�_�j�`�b�\�Z�g�b�_�� �i�h�e�b�h�e�h�\ �\��
�o�j�h�f�Z�l�h�]�j�Z�n�b�b�� �]�b�^�j�h�n�b�e�v�g�u�o�� �\�a�Z�b�f�h��
�^�_�c�k�l�\�b�c�� ��HILIC���� �g�Z�� �p�_�h�e�b�l�Z�o�� �y�\�e�y�_�l�k�y��
�h�l�g�h�k�b�l�_�e�v�g�h�_�� �j�Z�k�i�h�e�h�`�_�g�b�_�� �d�Z�l�b�h�g�h�\��
Na+���� �d�h�l�h�j�u�_�� �k�h�a�^�Z�x�l�� �w�e�_�d�l�j�h�k�l�Z�l�b�q�_��
�k�d�b�_���i�h�e�_���\���i�h�j�Z�o���b���d�h�h�j�^�b�g�b�j�m�x�l���f�h�e�_��
�d�m�e�u���\�h�^�u���b���i�h�e�b�h�e�h�\���i�h���]�b�^�j�h�d�k�b�e�v�g�u�f��
�]�j�m�i�i�Z�f�����<���j�Z�[�h�l�_���i�h�d�Z�a�Z�g�h�����q�l�h���k���j�h�k�l�h�f��
�d�h�e�b�q�_�k�l�\�Z�� �H�G-�]�j�m�i�i�� �m�^�_�j�`�b�\�Z�g�b�_�� �i�h��
�e�b�h�e�h�\�� �g�Z�� �d�h�e�h�g�d�_���� �a�Z�i�h�e�g�_�g�g�h�c�� �p�_�h�e�b��
�l�h�f��NaY���� �\�h�a�j�Z�k�l�Z�_�l���� �L�Z�d�`�_���� �m�^�_�j�`�b�\�Z��
�g�b�_���i�h�e�b�h�e�h�\���m�\�_�e�b�q�b�\�Z�_�l�k�y���i�h���f�_�j�_���k�g�b��
�`�_�g�b�y���k�h�^�_�j�`�Z�g�b�y���\�h�^�u���\���w�e�x�_�g�l�_��[10].  

�>�Z�g�g�h�_���g�Z�[�e�x�^�_�g�b�_���[�u�e�h���i�j�h�\�_�j�_�g�h���\��
�g�Z�k�l�h�y�s�_�c�� �j�Z�[�h�l�_�� �^�e�y�� �[�h�e�_�_�� �i�h�e�y�j�g�h�]�h��
�p�_�h�e�b�l�Z�������O�����B�a���j�b�k���������\�b�^�g�h�����q�l�h���k���j�h�k�l�h�f��
�k�h�^�_�j�`�Z�g�b�y���Z�p�_�l�h�g�b�l�j�b�e�Z���\���w�e�x�_�g�l�_���m�^�_�j��
�`�b�\�Z�g�b�_���i�h�e�b�h�e�h�\���g�Z���p�_�h�e�b�l�_�������O���\�h�a�j�Z�k��
�l�Z�_�l���Z�g�Z�e�h�]�b�q�g�h���j�_�a�m�e�v�l�Z�l�Z�f�����i�h�e�m�q�_�g�g�u�f��
�^�e�y��NaY �>���@���� �b�� �a�Z�d�h�g�h�f�_�j�g�h�k�l�y�f��HILIC. 
�D�j�h�f�_���l�h�]�h���� �d�Z�d���b�� �\�� �j�Z�[�h�l�_����[10]���� �]�j�Z�n�b�d�b��
�a�Z�\�b�k�b�f�h�k�l�b��logk�¶ �i�h�e�b�h�e�h�\���h�l���k�h�^�_�j�`�Z�g�b�y��
�\�h�^�u���\���w�e�x�_�g�l�_����logwH2O�����i�j�Z�d�l�b�q�_�k�d�b���e�b��
�g�_�c�g�u�� �b�� �h�i�b�k�u�\�Z�x�l�k�y�� �m�j�Z�\�g�_�g�b�_�f�� �K�g�Z�c��
�^�_�j�Z-�K�h�q�_�\�b�g�k�d�h�]�h��[20]): 

�H�‘�‰���G�ï��
L ���Ž�‘�‰�G�"�4����
F ���J�¹ �Ž�‘�‰���S�L�6�S(2) 
�]�^�_��n �± �d�h�e�b�q�_�k�l�\�h�� �f�h�e�_�d�m�e�� �k�b�e�v�g�h�m�^�_�j��
�`�b�\�Z�_�f�h�]�h���d�h�f�i�h�g�_�g�l�Z���i�h�^�\�b�`�g�h�c���n�Z�a�u����
�\�u�l�_�k�g�y�_�f�h�_���h�^�g�h�c���f�h�e�_�d�m�e�h�c���k�h�j�[�Z�l�Z���k��
�i�h�\�_�j�o�g�h�k�l�b�� �Z�^�k�h�j�[�_�g�l�Z�� ���d�Z�d�� �i�j�Z�\�b�e�h����
1<n�����������<���^�Z�g�g�h�c���j�Z�[�h�l�_���a�g�Z�q�_�g�b�_��n �\�Z�j�v��
�b�j�h�\�Z�e�h�k�v���h�l�������������^�e�y��������-�i�j�h�i�Z�g�^�b�h�e�Z �^�h��
�����������^�e�y���b�g�h�a�b�l�h�e�Z�� 

�M�^�_�j�`�b�\�Z�g�b�_�� �k�Z�o�Z�j�h�\�����<�� �k�e�m�q�Z�_�� �k�Z�o�Z��
�j�h�\�� �f�h�`�g�h�� �h�`�b�^�Z�l�v�� �\�u�k�h�d�m�x�� �k�_�e�_�d�l�b�\��
�g�h�k�l�v���j�Z�a�^�_�e�_�g�b�y�����i�h�k�d�h�e�v�d�m���^�e�y���[�e�b�a�d�b�o��
�i�h���j�Z�a�f�_�j�m���f�h�e�_�d�m�e�����^�b�i�h�e�b���d�h�l�h�j�u�o���k�l�Z��
�l�b�q�g�u���b�a-�a�Z���k�l�_�j�b�q�_�k�d�b�o���i�j�_�i�y�l�k�l�\�b�c���i�j�b��
�^�b�n�n�m�a�b�b�� �\�� �i�h�j�u�� �p�_�h�e�b�l�Z���� �j�h�e�v�� �d�Z�l�b�h�g�Z��

  
�J�b�k�����������A�Z�\�b�k�b�f�h�k�l�v���m�^�_�j�`�b�\�Z�g�b�y�����O�R�J�N�¶����

�i�h�e�b�h�e�h�\���h�l���k�h�^�_�j�`�Z�g�b�y���\�h�^�u���\���Z�p�_�l�h�g�b�l��
�j�b�e�_�����I�h�e�b�h�e�u: 1,3-�i�j�h�i�Z�g�^�b�h�e�����”������������-
�i�j�h�i�Z�g�h�e�����x�������w�l�b�e�_�g�]�e�b�d�h�e�v�����v�������]�e�b�p�_��

�j�b�g�����z�������w�j�b�l�j�b�l�h�e�����¸�������k�h�j�[�b�l�h�e�����` �������b�g�h��
�a�b�l�h�e�����t �������K�d�h�j�h�k�l�v���i�h�l�h�d�Z�������k�f3���f�b�g����

35°C. 
Fig 5. Dependence of the polyol retention 

(log�N�¶) on the water content in acetonitrile. 
Polyols: 1,3-�S�U�R�S�D�Q�H�G�L�R�O�����”������������-propanol 

���x�������H�W�K�\�O�H�Q�H���J�O�\�F�R�O�����v�������J�O�\�F�H�U�R�O�����z�������H�U�\�W�K��
�U�L�W�R�O�����¸�������V�R�U�E�L�W�R�O�����` ), and inositol (�t ). 

Flow rate: 1 ml/min, 35°C 

�J�b�k�����������A�Z�\�b�k�b�f�h�k�l�v���m�^�_�j�`�b�\�Z�g�b�y�����O�R�J�N�¶) 
�k�Z�o�Z�j�h�\���h�l���k�h�k�l�Z�\�Z���k�h�^�_�j�`�Z�g�b�y���\�h�^�u���\���Z�p�_��
�l�h�g�b�l�j�b�e�_�����I�h�e�b�h�e�u�����Z�j�Z�[�b�g�h�a�Z�����”�������f�Z�g��
�g�h�a�Z�����x�������n�j�m�d�l�h�a�Z�����z�������]�e�x�d�h�a�Z�����v�������d�k�b��

�e�h�a�Z�����¸�����K�d�h�j�h�k�l�v���i�h�l�h�d�Z�������k�f3���f�b�g�� 
 35 °C. 

 
Fig 6. Dependence of the sugar retention 

(log�N�¶) on the water content in acetonitrile. 
�3�R�O�\�R�O�V�����D�U�D�E�L�Q�R�V�H�����”�������P�D�Q�Q�R�V�H�����x�������I�U�X�F�W�R�V�H��
���z�������J�O�X�F�R�V�H�����v�������D�Q�G���[�\�O�R�V�H�����¸�������)�O�R�Z���U�D�W�H�� 

1 ml/min, 35 °C. 
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�f�_�l�Z�e�e�Z�� �\�� �k�l�j�m�d�l�m�j�_�� �p�_�h�e�b�l�Z�� �l�b�i�Z�� �0�H�<��
(Me = Na+, K+, Ca2+, Sr2+�����k�l�Z�g�h�\�b�l�k�y���h�k�h��
�[�_�g�g�h�� �a�Z�f�_�l�g�h�c��[21]���� �N�j�m�d�l�h�a�Z�� �k�b�e�v�g�_�_��
�m�^�_�j�`�b�\�Z�_�l�k�y�� �g�Z�� �p�_�h�e�b�l�_�� �\�� �&�D2+-�n�h�j�f�_��
�[�e�Z�]�h�^�Z�j�y���_�_���k�i�h�k�h�[�g�h�k�l�b���d���d�h�f�i�e�_�d�k�h�h�[��
�j�Z�a�h�\�Z�g�b�x���k���s�_�e�h�q�g�h�a�_�f�_�e�v�g�u�f�b���f�_�l�Z�e��
�e�Z�f�b���� �\�� �h�l�e�b�q�b�_�� �h�l�� �]�e�x�d�h�a�u���� �d�h�l�h�j�Z�y��
�k�e�Z�[�h���Z�^�k�h�j�[�b�j�m�_�l�k�y�����D�j�h�f�_���l�h�]�h�����p�_�h�e�b�l��
�&�D�;�� �Z�^�k�h�j�[�b�j�h�\�Z�e�� �n�j�m�d�l�h�a�m�� �k�b�e�v�g�_�_��
�&�D�<���� �q�l�h�� �Z�\�l�h�j�u�� �k�\�y�a�u�\�Z�e�b�� �k�� �m�f�_�g�v�r�_��
�g�b�_�f�� �i�j�h�k�l�j�Z�g�k�l�\�Z���\�� �&�D�<�����h�i�l�b�f�Z�e�v�g�h�]�h��
�^�e�y�� �d�h�h�j�^�b�g�Z�p�b�b�� �n�j�m�d�l�h�a�u���� �A�g�Z�q�_�g�b�y��k�¶ 
�m�f�_�g�v�r�Z�x�l�k�y�� �\�� �j�y�^�m�� �Z�j�Z�[�b�g�h�a�Z�� �!�� �n�j�m�d��
�l�h�a�Z�� �!�� �f�Z�g�g�h�a�Z�� �!�� �]�e�x�d�h�a�Z�� �^�e�y�� �d�Z�e�b�_�\�h�c��
�n�h�j�f�u���b���n�j�m�d�l�h�a�Z���!���Z�j�Z�[�b�g�h�a�Z���!���f�Z�g�g�h�a�Z��
> �]�e�x�d�h�a�Z�� �^�e�y�� �d�Z�e�v�p�b�_�\�h�c�� �n�h�j�f�u���� �:�\��
�l�h�j�u���h�l�f�_�q�Z�x�l�����q�l�h���k�g�b�`�_�g�b�_���q�b�k�e�Z��OH-
�]�j�m�i�i���\���m�]�e�_�\�h�^�Z�o���m�f�_�g�v�r�Z�_�l���\�a�Z�b�f�h�^�_�c��
�k�l�\�b�_���k���p�_�h�e�b�l�Z�f�b�����K�e�_�^�m�_�l���h�l�f�_�l�b�l�v�����q�l�h��
�d�b�g�_�l�b�q�_�k�d�b�_�� �^�b�Z�f�_�l�j�u�� �Z�j�Z�[�b�g�h�a�u 
������������ �g�f������ �f�Z�e�v�l�h�a�u�� ������������ �g�f������ �d�k�b�e�h�a�u��
������������ �g�f���� �b�� �^�j�m�]�b�o�� �k�Z�o�Z�j�h�\��[16] �b�k�d�e�x��
�q�Z�x�l�� �\�h�a�f�h�`�g�h�k�l�v�� �b�o�� �i�j�h�g�b�d�g�h�\�_�g�b�y��
�\�g�m�l�j�v�� �[�h�e�v�r�b�g�k�l�\�Z�� �i�h�j�� �p�_�h�e�b�l�Z�� �����O��
�^�b�Z�f�_�l�j�h�f�������������g�f�� 

�>�e�y�� �p�_�h�e�b�l�Z�� �����O�� �g�Z�[�e�x�^�Z�e�b�� �k�e�_�^�m�x��
�s�m�x�� �i�h�k�e�_�^�h�\�Z�l�_�e�v�g�h�k�l�v�� �m�^�_�j�`�b�\�Z�g�b�y��
�k�Z�o�Z�j�h�\�����Z�j�Z�[�b�g�h�a�Z���!���n�j�m�d�l�h�a�Z���!���]�e�x�d�h�a�Z��
�!�� �f�Z�g�g�h�a�Z�� �!�� �d�k�b�e�h�a�Z�� �i�j�b�� �k�h�^�_�j�`�Z�g�b�b��

�\�h�^�u���\���w�e�x�_�g�l�_���[�h�e�_�_�������������i�j�b���m�f�_�g�v�r�_��
�g�b�b���k�h�^�_�j�`�Z�g�b�y���\�h�^�u���\���w�e�x�_�g�l�_���i�h�j�y�^�h�d��
�f�_�g�y�e�k�y�����Z�j�Z�[�b�g�h�a�Z���!���]�e�x�d�h�a�Z���!���n�j�m�d�l�h�a�Z��
�!���f�Z�g�g�h�a�Z���!���d�k�b�e�h�a�Z�����j�b�k���������� 

�J�Z�a�^�_�e�_�g�b�_���k�f�_�k�b���i�h�e�b�h�e�h�\���g�Z���p�_�h�e�b�l�_��
�����O�����F�g�h�]�b�_���i�h�e�b�h�e�u���y�\�e�y�x�l�k�y���p�_�g�g�u�f�b��
�j�_�Z�]�_�g�l�Z�f�b�� �^�e�y�� �i�j�h�f�u�r�e�_�g�g�h�k�l�b���� ������-
�i�j�h�i�b�e�_�g�]�e�b�d�h�e�v�� �y�\�e�y�_�l�k�y�� �\�Z�`�g�u�f�� �j�_�Z��
�]�_�g�l�h�f�� �^�e�y�� �i�j�h�b�a�\�h�^�k�l�\�Z�� �g�Z�k�u�s�_�g�g�u�o��
�i�h�e�b�w�n�b�j�h�\�����n�Z�j�f�Z�p�_�\�l�b�q�_�k�d�b�o���i�j�_�i�Z�j�Z��
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�W�e�x�_�g�l���± �f�_�l�Z�g�h�e�������������k�f3���f�b�g�����: �����b�����������k�f3���f�b�g�����;�����������ƒ�&�����J�>�����I�b�d�b����1 �± 1,2-�i�j�h�i�Z�g�^�b�h�e��������
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1,2-�i�j�h�i�Z�g�^�b�h�e���������± �w�l�b�e�_�g�]�e�b�d�h�e�v���������± �\�h�^�Z�� 
Fig 7. Separation of model mixtures of polyols and water. Column: 13X, 50x4.6 mm, 4 µm. Elu-

ent: methanol; 0.5 ml/min (�: ) and 0.1 ml/min (�;), 35°C; RD. Peaks: 1 �± 1,2-propanediol, 2 �± eth-
ylene glycol, 3 �± water, 4 �± glycerol in the chromatogram on the right and 1 �± 1,2-butanediol, 2 �± 

1,2-propanediol, 3 �± ethylene glycol, 4 �± water. 
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�w�l�h�f�m�� �j�Z�a�^�_�e�_�g�b�_�� �f�_�l�h�^�h�f�� �^�b�k�l�b�e�e�y�p�b�b��
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�Z���l�Z�d�`�_��������-�[�m�l�Z�g�^�b�h�e�Z����������-�i�j�h�i�Z�g�^�b�h�e�Z����
�w�l�b�e�_�g�]�e�b�d�h�e�y�� �b�� �\�h�^�u�� ���j�b�k���� ���� �;���� �g�Z�� �d�h��
�e�h�g�d�_���k���p�_�h�e�b�l�h�f�������O�����I�h�l�_�g�p�b�Z�e�v�g�h�����h�l��
�^�_�e�_�g�b�_�� �\�h�^�u�� �h�l�� �i�_�j�_�q�b�k�e�_�g�g�u�o�� �d�h�f�i�h��
�g�_�g�l�h�\�� �b�f�_�_�l�� �[�h�e�v�r�h�_�� �i�j�h�f�u�r�e�_�g�g�h�_��
�a�g�Z�q�_�g�b�y���^�e�y���\�u�^�_�e�_�g�b�y���b�g�^�b�\�b�^�m�Z�e�v�g�u�o��
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�i�h���b�h�g�h�h�[�f�_�g�g�h�f�m���f�_�o�Z�g�b�a�f�m���\�h���\�k�_�f���^�b�Z�i�Z�a�h�g�_�����\���l�h���\�j�_�f�y���d�Z�d���^�e�y���d�b�k�e�h�l���k���’ �-�Ô�u
�u �!�����\�d�e�Z�^���b�h�g�g�h�]�h��

�h�[�f�_�g�Z�� �k�m�s�_�k�l�\�_�g�g�h�� �k�g�b�`�Z�e�k�y�� �i�j�b�� �i�h�\�u�r�_�g�b�b�� �d�h�g�p�_�g�l�j�Z�p�b�b�� �w�e�x�b�j�m�x�s�_�]�h�� �b�h�g�Z�� ������-�������� �i�j�b�� �’ ���u
�u  

2.85. �I�h�d�Z�a�Z�g�h�����q�l�h���^�e�y���i�h�^�h�[�g�u�o���Z�g�b�h�g�h�h�[�f�_�g�g�b�d�h�\���k���\�u�k�h�d�h�c���_�f�d�h�k�l�v�x���k�h�k�l�h�y�g�b�_���Z�g�Z�e�b�l�Z�����a�Z�\�b�k�y��
�s�_�_���h�l���k�h�h�l�g�h�r�_�g�b�y���’���ê

�æ  �i�h�^�\�b�`�g�h�c���n�Z�a�u���b���’ �-�Ô�ê
�æ  �k�h�_�^�b�g�_�g�b�y�����h�d�Z�a�u�\�Z�_�l���[�h�e�v�r�_�_���\�e�b�y�g�b�_���g�Z���\�b�^���a�Z��

�\�b�k�b�f�h�k�l�b��k�¶�>pH�����q�_�f���b�a�f�_�g�_�g�b�_���a�Z�j�y�^�Z���k�h�j�[�_�g�l�Z�����H�i�l�b�f�Z�e�v�g�u�f���m�k�e�h�\�b�_�f���j�Z�a�^�_�e�_�g�b�y���d�b�k�e�h�l���j�Z�a�g�h�c��
�k�b�e�u���y�\�e�y�_�l�k�y���d�b�k�e�Z�y���k�j�_�^�Z�����j�G��
Q pKa�������h�[�_�k�i�_�q�b�\�Z�x�s�Z�y���m�^�_�j�`�b�\�Z�g�b�_���i�h���k�h�\�h�d�m�i�g�h�k�l�b���j�Z�a�g�u�o���f�_�o�Z��
�g�b�a�f�h�\�����Z���l�Z�d�`�_���d�h�g�l�j�h�e�v���\�d�e�Z�^�Z���w�e�_�d�l�j�h�k�l�Z�l�b�q�_�k�d�b�o���\�a�Z�b�f�h�^�_�c�k�l�\�b�c���i�m�l�_�f���\�Z�j�v�b�j�h�\�Z�g�b�y���d�h�g�p�_�g�l�j�Z��
�p�b�b���w�e�x�b�j�m�x�s�_�]�h���b�h�g�Z�����I�h�^�h�[�j�Z�g�u���m�k�e�h�\�b�y���\�u�k�h�d�h�w�n�n�_�d�l�b�\�g�h�]�h�����^�h������ ���������l�l���f�����b���k�_�e�_�d�l�b�\�g�h�]�h���j�Z�a��
�^�_�e�_�g�b�y���k�f�_�k�b�������d�b�k�e�h�l���a�Z�������f�b�g�����I�h�d�Z�a�Z�g�Z���\�h�a�f�h�`�g�h�k�l�v���j�Z�a�^�_�e�_�g�b�y���b�h�g�b�a�b�j�m�_�f�u�o���k�h�_�^�b�g�_�g�b�c���g�Z���[�Z��
�a�h�\�h�f���`�b�^�d�h�k�l�g�h�f���o�j�h�f�Z�l�h�]�j�Z�n�_���k���i�j�b�f�_�g�_�g�b�_�f���g�h�\�h�c���f�g�h�]�h�n�m�g�d�p�b�h�g�Z�e�v�g�h�c���d�h�e�h�g�d�b���[�_�a���i�j�b�\�e�_�q�_��
�g�b�y���h�[�h�j�m�^�h�\�Z�g�b�y���^�e�y���b�h�g�g�h�c���o�j�h�f�Z�l�h�]�j�Z�n�b�b�� 
�D�e�x�q�_�\�u�_���k�e�h�\�Z�����]�b�^�j�h�n�b�e�v�g�Z�y���o�j�h�f�Z�l�h�]�j�Z�n�b�y�����b�h�g�g�Z�y���o�j�h�f�Z�l�h�]�j�Z�n�b�y�����b�h�g�g�u�c���h�[�f�_�g�����b�h�g�h�h�[�f�_�g��
�g�b�d�b�����i�h�e�b�k�l�b�j�h�e-�^�b�\�b�g�b�e�[�_�g�a�h�e�����d�Z�j�[�h�g�h�\�u�_���d�b�k�e�h�l�u�����k�f�_�r�Z�g�g�u�c���j�_�`�b�f���<�W�@�O�� 
�;�e�Z�]�h�^�Z�j�g�h�k�l�b�����j�Z�[�h�l�Z���\�u�i�h�e�g�_�g�Z���i�j�b���i�h�^�^�_�j�`�d�_���J�h�k�k�b�c�k�d�h�]�h���g�Z�m�q�g�h�]�h���n�h�g�^�Z�����]�j�Z�g�l���‹������-13-00132, 
�k�� �b�k�i�h�e�v�a�h�\�Z�g�b�_�f�� �h�[�h�j�m�^�h�\�Z�g�b�y�� �P�D�I�� �F�=�M�� �©�L�_�o�g�h�e�h�]�b�b�� �i�h�e�m�q�_�g�b�y�� �g�h�\�u�o�� �g�Z�g�h�k�l�j�m�d�l�m�j�b�j�h�\�Z�g�g�u�o��
�f�Z�l�_�j�b�Z�e�h�\���b���b�o���d�h�f�i�e�_�d�k�g�h�_���b�k�k�e�_�^�h�\�Z�g�b�_�ª�����i�j�b�h�[�j�_�l�_�g�g�h�]�h���F�=�M���i�h���i�j�h�]�j�Z�f�f�_���h�[�g�h�\�e�_�g�b�y���i�j�b�[�h�j��
�g�h�c���[�Z�a�u���\���j�Z�f�d�Z�o���g�Z�p�b�h�g�Z�e�v�g�h�]�h���i�j�h�_�d�l�Z���©�G�Z�m�d�Z�ª���b���\���j�Z�f�d�Z�o���I�j�h�]�j�Z�f�f�u���j�Z�a�\�b�l�b�y���F�=�M�� 
�>�e�y���p�b�l�b�j�h�\�Z�g�b�y�� �F�Z�d�k�b�f�h�\���=���K�������>�m�[�b�g�b�g���B���:�������=�h�j�[�h�\�k�d�Z�y���:���<�������I�b�j�h�]�h�\���:���<�������R�i�b�]�m�g���H���:�������Q�_�j��
�g�h�[�j�h�\�d�b�g�Z���:���<�� �M�k�l�Z�g�h�\�e�_�g�b�_���n�Z�d�l�h�j�h�\���\�e�b�y�g�b�y���g�Z���k�_�e�_�d�l�b�\�g�h�k�l�v���j�Z�a�^�_�e�_�g�b�y���d�Z�j�[�h�g�h�\�u�o���d�b�k�e�h�l���g�Z��
�f�g�h�]�h�n�m�g�d�p�b�h�g�Z�e�v�g�h�f���k�h�j�[�_�g�l�_���g�Z���h�k�g�h�\�_���i�h�e�b�k�l�b�j�h�e-�^�b�\�b�g�b�e�[�_�g�a�h�e�Z���\���k�f�_�r�Z�g�g�h�f���j�_�`�b�f�_���<�W�@�O��
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Governing the separation selectivity of carbon acids 
on a novel poly(styrene-divinylbenzene)-based stationary phase 
in mixed-mode HPLC 
 
Grigorii S. Maksimov, Ilya A. Dubinin, Anastasia V. Gorbovskaia, 
Andrei V. Pirogov, Oleg A. Shpigun, Alla V. Chernobrovkina �.  
Lomonosov Moscow State University, Moscow, Russian Federation, chernobrovkina@analyt.chem.msu.ru �.  
 
Abstract. The ion-exchange features of a new multifunctional polymer column in HILIC mode were examined 
by varying the mobile phase pH and counter ion concentration. A significant decrease in the column anion-
exchange capacity was demonstrated in the range of �’���u

�u  ���������í����������which was attributed to the presence of 
�V�H�F�R�Q�G�D�U�\���D�Q�G���W�H�U�W�L�D�U�\���D�P�L�Q�R���J�U�R�X�S�V���L�Q���W�K�H���I�X�Q�F�W�L�R�Q�D�O���O�D�\�H�U�����7�K�H���N�¶-pH trends in the corresponding range were 
built for different organic acids (�’ �-�Ô�u

�u  ���í�������D�G�G�L�W�L�R�Q�D�O�O�\���W�K�H���U�H�O�D�W�L�Y�H���F�R�Q�W�U�L�E�X�W�L�R�Q�V���R�I���W�K�H���L�R�Q-exchange to the 
overall retention were determined by eluting ion concentration altering. A decrease in the retention of anions 
and acids with  �’ �-�Ô�u

�u <4 and an increase for acids with �’ �-�Ô�u
�u >4 was shown with rising pH. The ion-exchange 

impact in the retention of the latter ones significantly decreased by concentration rise at  �’���u
�u  2.85, while the 

former being predominantly retained by the ion-exchange mechanism in the entire pH range. For such a high-
�F�D�S�D�F�L�W�\���D�Q�L�R�Q���H�[�F�K�D�Q�J�H�U�V�����W�K�H���W�\�S�H���R�I���W�K�H���N�¶�í�S�+���G�H�S�H�Q�G�H�Q�F�H���Z�D�V���V�K�R�Z�Q���W�R���E�H���P�R�V�W�O�\���G�H�W�H�U�P�L�Q�H�G���E�\���W�K�H���D�Q�D��
lyte state, which in its turn depends on the �’���ê

�æ  and �’ �-�Ô�ê
�æ  values. Mobile phase of �j�G 
Q pKa was found to be 

the most appropriate for separation of acids, providing retention by different mechanisms and allows practi-
tioners to master electrostatic interactions by varying the concentration of the eluting ion. A mixture of 5 acids 
was entirely separated in five minutes with an efficiency of up to 32 000 plates/m in mixed-mode HPLC. A 
beneficial option of ionizable compounds separation on a novel polymer multifunctional column with no ion 
chromatography equipment being engaged has been shown in this work. 
Keywords: hydrophilic interaction liquid chromatography, ion chromatography, ion exchange, electrostatic 
interactions, anion exchangers, poly (styrene-divinylbenzene), carbon acids, mixed-mode. 
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�<�\�_�^�_�g�b�_ 

�=�b�^�j�h�n�b�e�v�g�Z�y�� �o�j�h�f�Z�l�h�]�j�Z�n�b�y�� ���=�B�O����
�i�j�_�^�k�l�Z�\�e�y�_�l�� �k�h�[�h�c�� �Z�d�l�b�\�g�h�� �j�Z�a�\�b�\�Z�x��
�s�b�c�k�y���f�_�l�h�^���h�^�g�h�\�j�_�f�_�g�g�h�]�h���j�Z�a�^�_�e�_�g�b�y��
�b�� �h�i�j�_�^�_�e�_�g�b�y�� �i�h�e�y�j�g�u�o�� �]�b�^�j�h�n�b�e�v�g�u�o��
�k�h�_�^�b�g�_�g�b�c���� �d�� �q�b�k�e�m�� �d�h�l�h�j�u�o�� �h�l�g�h�k�y�l�k�y��
�f�g�h�]�b�_�� �[�b�h�e�h�]�b�q�_�k�d�b�� �Z�d�l�b�\�g�u�_�� �\�_�s�_��
�k�l�\�Z���� �d�h�f�i�h�g�_�g�l�u�� �e�_�d�Z�j�k�l�\�� �b�� �b�o�� �f�_�l�Z�[�h��
�e�b�l�u��[1]���� �K�h�\�j�_�f�_�g�g�u�f�� �g�Z�i�j�Z�\�e�_�g�b�_�f��
�j�Z�a�\�b�l�b�y���f�_�l�h�^�Z���=�B�O���y�\�e�y�_�l�k�y���i�j�b�f�_�g�_��
�g�b�_���\���d�Z�q�_�k�l�\�_���g�_�i�h�^�\�b�`�g�u�o���n�Z�a���b�h�g�h�h�[��
�f�_�g�g�b�d�h�\�� �g�b�a�d�h�c�� �_�f�d�h�k�l�b�� �g�Z�� �h�k�g�h�\�_�� �i�h��
�e�b�k�l�b�j�h�e-�^�b�\�b�g�b�e���[�_�g�a�h�e�Z�����I�K-�>�<�;�������o�Z��
�j�Z�d�l�_�j�b�a�m�_�f�u�o�� �[�h�e�_�_�� �r�b�j�h�d�b�f�� �^�b�Z�i�Z�a�h��
�g�h�f�� �]�b�^�j�h�e�b�l�b�q�_�k�d�h�c�� �m�k�l�h�c�q�b�\�h�k�l�b�� �i�h��

�k�j�Z�\�g�_�g�b�x���k���k�b�e�b�d�Z�]�_�e�_�f�����I�h�^�h�[�g�u�_���k�h�j��
�[�_�g�l�u�� �k�i�h�k�h�[�g�u�� �j�Z�[�h�l�Z�l�v�� �\�� �k�f�_�r�Z�g�g�h�f��
�j�_�`�b�f�_�� �<�W�@�O���� �h�k�m�s�_�k�l�\�e�y�y�� �j�Z�a�^�_�e�_�g�b�_��
�k�h�_�^�b�g�_�g�b�c���j�Z�a�g�h�c���]�b�^�j�h�n�b�e�v�g�h�k�l�b���b���a�Z��
�j�y�^�Z���\���o�h�^�_���h�^�g�h�]�h���Z�g�Z�e�b�a�Z��[2]�����>�e�y���w�l�b�o��
�p�_�e�_�c�� �]�b�^�j�h�n�h�[�g�Z�y�� �i�h�e�b�f�_�j�g�Z�y�� �f�Z�l�j�b�p�Z��
�f�h�`�_�l�� �[�u�l�v�� �w�n�n�_�d�l�b�\�g�h�� �w�d�j�Z�g�b�j�h�\�Z�g�Z��
�]�b�^�j�h�n�b�e�v�g�u�f�b�� �i�h�e�b�f�_�j�g�u�f�b�� �k�e�h�y�f�b��
�a�Z�^�Z�g�g�h�c�� �Z�j�o�b�l�_�d�l�m�j�u���� �g�Z�b�[�h�e�_�_�� �i�h�^�o�h��
�^�y�s�b�f�b�� �^�e�y�� �d�h�g�d�j�_�l�g�h�c�� �Z�g�Z�e�b�l�b�q�_�k�d�h�c��
�a�Z�^�Z�q�b��[3]���� �<�� �d�Z�q�_�k�l�\�_�� �f�h�^�b�n�b�d�Z�l�h�j�Z���� �\��
�q�Z�k�l�g�h�k�l�b�����f�h�]�m�l���[�u�l�v���b�k�i�h�e�v�a�h�\�Z�g�u���i�h��
�e�b�w�e�_�d�l�j�h�e�b�l�g�u�_���p�_�i�h�q�d�b�����h�[�_�k�i�_�q�b�\�Z�x��
�s�b�_���\�u�k�h�d�m�x���]�b�^�j�h�n�b�e�v�g�h�k�l�v���i�h�\�_�j�o�g�h��
�k�l�b�� �a�Z�� �k�q�_�l�� �d�\�Z�l�_�j�g�b�a�h�\�Z�g�g�h�]�h�� �Z�a�h�l�Z�� �\��
�k�l�j�m�d�l�m�j�_���n�m�g�d�p�b�h�g�Z�e�v�g�h�]�h���k�e�h�y��[4]�����I�j�b��
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�w�l�h�f���m�^�_�j�`�b�\�Z�g�b�_���\�_�s�_�k�l�\�Z���l�Z�d�`�_���f�h�`�_�l��
�h�k�m�s�_�k�l�\�e�y�l�v�k�y�� �a�Z�� �k�q�_�l�� �k�l�w�d�b�g�]-�\�a�Z�b�f�h��
�^�_�c�k�l�\�b�c�����g�Z�i�j�b�f�_�j�����è
F �è �l�b�i�Z�����j�_�Z�e�b�a�m��
�_�f�u�o�� �f�_�`�^�m�� �Z�j�h�f�Z�l�b�q�_�k�d�h�c�� �k�b�k�l�_�f�h�c��
�Z�g�Z�e�b�l�Z���b���f�Z�l�j�b�p�_�c���I�K-�>�<�;�� �>�e�y���w�n�n�_�d��
�l�b�\�g�h�c�� �w�d�k�i�e�m�Z�l�Z�p�b�b�� �l�Z�d�h�]�h�� �k�h�j�[�_�g�l�Z��
�g�_�h�[�o�h�^�b�f�h�� �i�j�Z�\�b�e�v�g�h�� �h�p�_�g�b�\�Z�l�v�� �_�]�h��
�j�Z�a�^�_�e�y�x�s�m�x�� �k�i�h�k�h�[�g�h�k�l�v�� �\�� �r�b�j�h�d�h�f��
�^�b�Z�i�Z�a�h�g�_���j�Z�[�h�q�b�o���m�k�e�h�\�b�c�� 

�K�h�\�j�_�f�_�g�g�u�f�� �h�]�j�Z�g�b�q�_�g�b�_�f�� �r�b�j�h��
�d�h�f�m�� �j�Z�k�i�j�h�k�l�j�Z�g�_�g�b�x�� �f�_�l�h�^�Z�� �]�b�^�j�h��
�n�b�e�v�g�h�c�� �o�j�h�f�Z�l�h�]�j�Z�n�b�b�� �y�\�e�y�_�l�k�y�� �k�e�h�`��
�g�u�c���f�_�o�Z�g�b�a�f���m�^�_�j�`�b�\�Z�g�b�y�����k�h�q�_�l�Z�x�s�b�c��
�j�Z�k�i�j�_�^�_�e�_�g�b�_�����Z�^�k�h�j�[�p�b�x�����Z���l�Z�d�`�_���w�e�_�d��
�l�j�h�k�l�Z�l�b�q�_�k�d�b�_���\�a�Z�b�f�h�^�_�c�k�l�\�b�y��[5]�����k�h�h�l��
�g�h�r�_�g�b�_�� �\�d�e�Z�^�h�\�� �d�h�l�h�j�u�o�� �b�a�f�_�g�y�_�l�k�y��
�i�j�b�� �k�f�_�g�_�� �j�Z�[�h�q�b�o�� �m�k�e�h�\�b�c���� �g�_�^�h�k�l�Z��
�l�h�q�g�h���h�i�b�k�Z�g�h���\���e�b�l�_�j�Z�l�m�j�_���b���g�Z���i�j�Z�d�l�b�d�_��
�a�g�Z�q�b�f�h���k�d�Z�a�u�\�Z�_�l�k�y���g�Z���j�_�a�m�e�v�l�Z�l�Z�o�����o�j�h��
�f�Z�l�h�]�j�Z�n�b�q�_�k�d�h�]�h�� �Z�g�Z�e�b�a�Z���� �k�h�i�j�h�\�h�`�^�Z��
�y�k�v���k�e�h�`�g�h�k�l�y�f�b���\�u�[�h�j�Z���d�h�e�h�g�d�b���b���m�k�e�h��
�\�b�c�� �h�i�j�_�^�_�e�_�g�b�y���� �K�m�s�_�k�l�\�m�x�s�b�_�� �g�Z��
�g�Z�k�l�h�y�s�b�c���f�h�f�_�g�l���k�i�h�k�h�[�u���h�i�b�k�Z�g�b�y���d�h��
�e�h�g�h�d���\���=�B�O���g�_���i�j�_�^�h�k�l�Z�\�e�y�x�l���b�k�q�_�j�i�u��
�\�Z�x�s�m�x�� �b�g�n�h�j�f�Z�p�b�x�� �h�� �k�\�h�c�k�l�\�Z�o�� �k�h�j��
�[�_�g�l�Z���b���^�h�f�b�g�b�j�m�x�s�_�f���f�_�o�Z�g�b�a�f�_���m�^�_�j��
�`�b�\�Z�g�b�y�� �\�� �j�Z�a�g�u�o�� �m�k�e�h�\�b�y�o��[6,7]���� �>�e�y��
�j�Z�k�r�b�j�_�g�g�h�c���o�Z�j�Z�d�l�_�j�b�a�Z�p�b�b �k�\�h�c�k�l�\���g�_��
�i�h�^�\�b�`�g�h�c���n�Z�a�u���[�u�e���i�j�_�^�e�h�`�_�g���i�h�^�o�h�^����
�h�k�g�h�\�Z�g�g�u�c�� �g�Z�� �i�h�e�m�q�_�g�b�b�� �a�Z�\�b�k�b�f�h�k�l�_�c��
�n�Z�d�l�h�j�h�\���m�^�_�j�`�b�\�Z�g�b�y���f�h�^�_�e�v�g�u�o���Z�g�Z�e�b��
�l�h�\���h�l���g�_�a�Z�\�b�k�b�f�h���\�Z�j�v�b�j�m�_�f�u�o���i�Z�j�Z�f�_�l��
�j�h�\�� �i�h�^�\�b�`�g�h�c�� �n�Z�a�u�� ���^�h�e�b�� �k�b�e�v�g�h�]�h��
�w�e�x�_�g�l�Z���� �d�b�k�e�h�l�g�h�k�l�b���� �d�h�g�p�_�g�l�j�Z�p�b�b��
�w�e�x�b�j�m�x�s�_�]�h���b�h�g�Z��[8-10]�����K�l�j�m�d�l�m�j�Z���l�_��
�k�l�h�\�u�o�� �k�h�_�^�b�g�_�g�b�c���� �b�k�i�h�e�v�a�m�_�f�u�o�� �^�e�y��
�h�i�b�k�Z�g�b�y�� �f�_�o�Z�g�b�a�f�Z�� �m�^�_�j�`�b�\�Z�g�b�y����
�^�h�e�`�g�Z�� �k�h�h�l�\�_�l�k�l�\�h�\�Z�l�v�� �f�b�g�b�f�Z�e�v�g�h�f�m��
�q�b�k�e�m���j�_�Z�e�b�a�m�_�f�u�o�� �\�a�Z�b�f�h�^�_�c�k�l�\�b�c���k�h�j��
�[�Z�l-�k�h�j�[�_�g�l���� �I�h�e�m�q�_�g�g�u�_�� �a�Z�\�b�k�b�f�h�k�l�b��
�n�Z�d�l�h�j�h�\�� �m�^�_�j�`�b�\�Z�g�b�y�� �b�g�l�_�j�i�j�_�l�b�j�m�x�l��
�\���k�h�\�h�d�m�i�g�h�k�l�b���k���i�j�b�f�_�g�_�g�b�_�f���h�k�g�h�\�g�u�o��
�n�b�a�b�d�h-�o�b�f�b�q�_�k�d�b�o�� �f�h�^�_�e�_�c�� �m�^�_�j�`�b�\�Z��
�g�b�y�����H�[�s�_�_���m�^�_�j�`�b�\�Z�g�b�_���i�j�_�^�k�l�Z�\�e�y�x�l���\��
�\�b�^�_�� �k�m�f�f�u�� �l�j�_�o�� �d�h�f�i�h�g�_�g�l�h�\���� �b�h�g�g�h�]�h��
�h�[�f�_�g�Z�����j�Z�k�i�j�_�^�_�e�_�g�b�y���b���Z�^�k�h�j�[�p�b�b���������� 
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�M�]�e�m�[�e�_�g�g�h�_�� �b�a�m�q�_�g�b�_�� �w�e�_�d�l�j�h�k�l�Z�l�b�q�_��
�k�d�b�o�� �\�a�Z�b�f�h�^�_�c�k�l�\�b�c�� �\�� �j�Z�f�d�Z�o�� �^�Z�g�g�h�]�h��
�i�h�^�o�h�^�Z�� �i�h�a�\�h�e�y�_�l�� �m�k�l�Z�g�h�\�b�l�v�� �m�k�e�h�\�b�y��
�j�Z�a�^�_�e�_�g�b�y���a�Z�j�y�`�_�g�g�u�o���k�h�_�^�b�g�_�g�b�c���\���j�_��
�`�b�f�_�� �=�B�O���� �q�l�h�� �^�Z�_�l�� �i�j�_�b�f�m�s�_�k�l�\�Z�� �b�k��
�i�h�e�v�a�h�\�Z�g�b�y���r�b�j�h�d�h���j�Z�k�i�j�h�k�l�j�Z�g�_�g�g�h�]�h���b��
�^�h�k�l�m�i�g�h�]�h�� �h�[�h�j�m�^�h�\�Z�g�b�y�� �^�e�y�� �<�W�@�O���[�_�a��
�g�_�h�[�o�h�^�b�f�h�k�l�b���w�d�k�i�e�m�Z�l�Z�p�b�b���b�h�g�h�o�j�h�f�Z��
�l�h�]�j�Z�n�b�q�_�k�d�b�o���k�b�k�l�_�f�����Z���l�Z�d�`�_���\���i�_�j�k�i�_�d��
�l�b�\�_���± �w�d�k�i�j�_�k�k�g�h�]�h�� �i�j�h�]�g�h�a�b�j�h�\�Z�g�b�y��
�m�k�e�h�\�b�c���h�^�g�h�\�j�_�f�_�g�g�h�]�h���h�i�j�_�^�_�e�_�g�b�y���k�h��
�_�^�b�g�_�g�b�c �j�Z�a�g�h�]�h���a�Z�j�y�^�Z���\���h�^�g�h�f���Z�g�Z�e�b�a�_�� 

�J�Z�a�^�_�e�_�g�b�_���h�j�]�Z�g�b�q�_�k�d�b�o���d�b�k�e�h�l���i�j�_�^��
�k�l�Z�\�e�y�_�l�� �k�h�[�h�c�� �\�Z�`�g�m�x�� �Z�g�Z�e�b�l�b�q�_�k�d�m�x��
�a�Z�^�Z�q�m��[11-13]���� �;�u�e�h�� �i�j�h�^�_�f�h�g�k�l�j�b�j�h��
�\�Z�g�h�� �m�k�i�_�r�g�h�_�� �j�Z�a�^�_�e�_�g�b�_�� �k�h�_�^�b�g�_�g�b�c��
�^�Z�g�g�h�]�h���d�e�Z�k�k�Z���g�Z���d�h�e�h�g�d�Z�o���g�Z���h�k�g�h�\�_���k�b��
�e�b�d�Z�]�_�e�y�� �\�� �]�b�^�j�h�n�b�e�v�g�h�f�� �j�_�`�b�f�_��[14]. 
�I�j�b�� �w�l�h�f�� �g�Z�b�e�m�q�r�Z�y�� �k�_�e�_�d�l�b�\�g�h�k�l�v�� �^�h��
�k�l�b�]�Z�e�Z�k�v���i�j�b���m�k�e�h�\�b�b��pH>pKa�����>�e�y���d�h�e�h��
�g�h�d�� �^�Z�g�g�h�]�h�� �l�b�i�Z�� �m�`�_�� �k�m�s�_�k�l�\�m�x�l�� �a�Z�\�b��
�k�b�f�h�k�l�b�� �m�^�_�j�`�b�\�Z�g�b�y���h�l�� �i�Z�j�Z�f�_�l�j�h�\�� �i�h��
�^�\�b�`�g�h�c�� �n�Z�a�u���� �i�h�a�\�h�e�y�x�s�b�_�� �i�h�^�h�[�j�Z�l�v��
�m�k�e�h�\�b�y�� �j�Z�a�^�_�e�_�g�b�y���� �<�� �l�h�� �`�_�� �\�j�_�f�y���� �^�e�y��
�k�h�j�[�_�g�l�h�\�� �g�Z�� �i�h�e�b�f�_�j�g�h�c�� �h�k�g�h�\�_�� �g�Z��
�g�Z�k�l�h�y�s�b�c���f�h�f�_�g�l���l�Z�d�b�_���k�\�_�^�_�g�b�y���h�l�k�m�l��
�k�l�\�m�x�l���� �q�l�h�� �h�]�j�Z�g�b�q�b�\�Z�_�l�� �\�h�a�f�h�`�g�h�k�l�b��
�b�o���i�j�b�f�_�g�_�g�b�y�����P�_�e�v�x���^�Z�g�g�h�c���j�Z�[�h�l�u���y�\��
�e�y�_�l�k�y �h�i�b�k�Z�g�b�_�� �b�h�g�h�h�[�f�_�g�g�u�o�� �k�\�h�c�k�l�\��
�g�h�\�h�c���f�g�h�]�h�n�m�g�d�p�b�h�g�Z�e�v�g�h�c���d�h�e�h�g�d�b���g�Z��
�h�k�g�h�\�_�� �I�K-�>�<�;���� �Z�� �l�Z�d�`�_�� �\�u�[�h�j�� �m�k�e�h�\�b�c��
�j�Z�a�^�_�e�_�g�b�y���k�f�_�k�b���h�j�]�Z�g�b�q�_�k�d�b�o���d�b�k�e�h�l�� 

�W�d�k�i�_�j�b�f�_�g�l�Z�e�v�g�Z�y���q�Z�k�l�v 

�G�_�i�h�^�\�b�`�g�Z�y�� �n�Z�a�Z�� �<�� �^�Z�g�g�h�c�� �j�Z�[�h�l�_��
�b�k�i�h�e�v�a�h�\�Z�e�b�� �k�h�j�[�_�g�l���� �k�b�g�l�_�a�b�j�h�\�Z�g�g�u�c��
�k�h�]�e�Z�k�g�h��[4] �i�m�l�_�f�� �f�h�^�b�n�b�p�b�j�h�\�Z�g�b�y��
�Z�f�b�g�b�j�h�\�Z�g�g�h�]�h�� �i�h�e�b�k�l�b�j�h�e-�^�b�\�b��
�g�b�e�[�_�g�a�h�e�Z���� �i�h�e�m�q�_�g�g�h�]�h�� �\�� �j�_�a�m�e�v�l�Z�l�_��
�\�h�k�k�l�Z�g�h�\�b�l�_�e�v�g�h�]�h�� �Z�f�b�g�b�j�h�\�Z�g�b�y�� �i�j�h��
�^�m�d�l�Z�� �j�_�Z�d�p�b�b�� �N�j�b�^�_�e�y-�D�j�Z�n�l�k�Z���� �i�h�e�b��
�w�e�_�d�l�j�h�e�b�l�g�u�f�b�� �p�_�i�h�q�d�Z�f�b���� �i�j�_�^�\�Z�j�b��
�l�_�e�v�g�h���k�b�g�l�_�a�b�j�h�\�Z�g�g�u�f�b���i�h���j�_�Z�d�p�b�b��������-
�[�m�l�Z�g�^�b�h�e�^�b�]�e�b�p�b�^�b�e�h�\�h�]�h�� �w�n�b�j�Z�� �b�� �^�b��
�f�_�l�b�e�Z�f�b�g�Z�� ���h�[�h�a�g�Z�q�_�g�� �\�� �>���@�� �d�Z�d��P-DMA 
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�a�_�j�g�Z�����������f�d�f�����m�^�_�e�v�g�Z�y���i�e�h�s�Z�^�v���i�h�\�_�j�o��
�g�h�k�l�b�����������f2���]�����^�b�Z�f�_�l�j���i�h�j���� �g�f�����A�Z�i�h�e�g�_��
�g�b�_���o�j�h�f�Z�l�h�]�j�Z�n�b�q�_�k�d�h�c���d�h�e�h�g�d�b����������
H��4  
�f�f�� �k�m�k�i�_�g�a�b�_�c�� ���� �]�� �k�h�j�[�_�g�l�Z�� �\�� ������ �f�e�� �^�_��
�b�h�g�b�a�h�\�Z�g�g�h�c���\�h�^�u���i�j�h�\�h�^�b�e�b���i�h�^���^�Z�\�e�_��
�g�b�_�f�����������[�Z�j���Z�g�Z�e�h�]�b�q�g�h��[15]�����<���d�Z�q�_�k�l�\�_��
�i�h�^�\�b�`�g�h�c�� �n�Z�a�u�� �b�k�i�h�e�v�a�h�\�Z�e�b 
�������f�F���j�Z�k�l�\�h�j���d�Z�j�[�h�g�Z�l�Z���g�Z�l�j�b�y�� 

�I�h�^�\�b�`�g�Z�y�� �n�Z�a�Z�����>�e�y�� �i�j�b�]�h�l�h�\�e�_�g�b�y��
�[�m�n�_�j�g�u�o���j�Z�k�l�\�h�j�h�\���b�k�i�h�e�v�a�h�\�Z�e�b���k�e�_�^�m��
�x�s�b�_�� �j�_�Z�d�l�b�\�u���� �e�_�^�y�g�Z�y�� �m�d�k�m�k�g�Z�y�� �d�b�k��
�e�h�l�Z�����’�� �_�ê

�ê  �����������������������������f�m�j�Z�\�v�b�g�Z�y���d�b�k��
�e�h�l�Z�� ���’�� �_�ê

�ê  �������������� �q���^���Z��; �]�b�^�j�h�d�k�b�^��
�g�Z�l�j�b�y���� �q���^���Z���� ���D�h�f�i�h�g�_�g�l-�J�_�Z�d�l�b�\���� �J�h�k��
�k�b�y������ �;�m�n�_�j�g�u�_�� �j�Z�k�l�\�h�j�u�� �]�h�l�h�\�b�e�b�k�v�� �L�Q��
�V�L�W�X���f�_�l�h�^�h�f���l�b�l�j�h�\�Z�g�b�y�����������F���j�Z�k�l�\�h�j�h�f��
�s�_�e�h�q�b�� �g�_�h�[�o�h�^�b�f�h�]�h�� �d�h�e�b�q�_�k�l�\�Z�� �d�b�k��
�e�h�l�u�� �^�h�� �a�Z�^�Z�g�g�h�c�� �\�_�e�b�q�b�g�u���’ ���ê

�ê ���� �J�_�]�b��
�k�l�j�b�j�h�\�Z�e�b�� �a�g�Z�q�_�g�b�y�� �\�j�_�f�_�g�� �m�^�_�j�`�b�\�Z��
�g�b�y�� �i�j�b���’���ê

�ê =���������� ���n�h�j�f�b�Z�l�g�u�_�� �[�m�n�_�j��
�g�u�_���j�Z�k�l�\�h�j�u�����������������b���������������Z�p�_�l�Z�l�g�u�_���[�m��
�n�_�j�g�u�_�� �j�Z�k�l�\�h�j�u���� �i�j�b�� �i�h�k�l�h�y�g�g�h�c�� �d�h�g��
�p�_�g�l�j�Z�p�b�b�� �w�e�x�b�j�m�x�s�_�]�h�� �b�h�g�Z�� �������� �f�F�� �\��
�i�h�^�\�b�`�g�h�c�� �n�Z�a�_���� �B�a�f�_�j�y�e�b�� �b�� �m�q�b�l�u�\�Z�e�b��
�a�g�Z�q�_�g�b�y���’���ê

�æ , �h�l�g�h�k�y�s�b�_�k�y���d���i�h�^�\�b�`�g�h�c��
�n�Z�a�_�����Z���l�Z�d�`�_���k���i�h�f�h�s�v�x���m�j�Z�\�g�_�g�b�c���=�_�g��
�^�_�j�k�h�g�Z-�O�Z�k�k�_�e�v�[�Z�o�Z�� �b�� �>�_�[�Z�y-�O�x�d�d�_�e�y��
�j�Z�k�k�q�b�l�u�\�Z�e�b�� �i�h�]�j�_�r�g�h�k�l�b�� �b�o�� �h�i�j�_�^�_�e�_��
�g�b�y���� �\�u�a�\�Z�g�g�u�_�� �\�Z�j�v�b�j�h�\�Z�g�b�_�f�� �d�h�g�p�_�g��
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�k�b�e�u���b���]�b�^�j�h�n�b�e�v�g�h�k�l�b���b���b�o���k�h�e�_�c�����Z�g�b��
�h�g�u�� ���l�h�a�b�e�Z�l�� �g�Z�l�j�b�y���± �6�3�7�6���� �i-�k�l�b�j�h�e��
�k�m�e�v�n�h�g�Z�l���g�Z�l�j�b�y���± �6�3�6�6�������d�b�k�e�h�l�u����������-
�^�b�g�b�l�j�h�[�_�g�a�h�c�g�Z�y���� �k�Z�e�b�p�b�e�h�\�Z�y���� �i-�g�b�l��
�j�h�[�_�g�a�h�c�g�Z�y���� �f-�g�b�l�j�h�[�_�g�a�h�c�g�Z�y���� �[�_�g�a�h�c��
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�&�R�U�S�R�U�D�W�L�R�Q�ª���� �K�R�:������ �k�� �l�h�q�g�h�k�l�v�x�� ��������������
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Fig. 1. Adsorbent synthesis and the expected layer structure. 
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�f�Z�l�j�b�p�_�� �/�&-���������'�$�'���� �`�b�^�d�h�k�l�g�h�c�� �o�j�h��
�f�Z�l�h�]�j�Z�n�� �9�D�Q�T�X�L�V�K�� �)�O�H�[�� �k�� �n�e�m�h�j�_�k�p�_�g�l��
�g�u�f�� �^�_�l�_�d�l�h�j�h�f�� �)�/�'�� �b�� �^�b�h�^�g�h-�f�Z�l�j�b�q��
�g�u�f�� �^�_�l�_�d�l�h�j�h�f�� �'�$�'���� �`�b�^�d�h�k�l�g�h�c�� �o�j�h��
�f�Z�l�h�]�j�Z�n���'�L�R�Q�H�[���8�O�W�L�0�D�W�H���������������h�k�g�Z�s�_�g��
�g�u�c�� �l�_�j�f�h�k�l�Z�l�b�j�m�_�f�u�f�� �Z�\�l�h�k�Z�f�i�e�_�j�h�f����
�^�\�m�o�d�Z�g�Z�e�v�g�u�f�� �g�Z�k�h�k�h�f�� �b�� �^�b�h�^�g�h-�f�Z�l��
�j�b�q�g�u�f���^�_�l�_�d�l�h�j�h�f�������J�_�]�b�k�l�j�Z�p�b�x���b���h�[�j�Z��
�[�h�l�d�m�� �o�j�h�f�Z�l�h�]�j�Z�f�f�� �i�j�h�\�h�^�b�e�b�� �i�j�b�� �i�h��
�f�h�s�b�� �I�H�� �&�K�U�R�P�H�O�H�R�Q�� ���� ���7�K�H�U�P�R�� �)�L�V�K�H�U��
�6�F�L�H�Q�W�L�I�L�F���� �K�R�:������ �B�a�f�_�j�_�g�b�_�� �\�j�_�f�_�g�b��
�m�^�_�j�`�b�\�Z�g�b�y�� �h�k�m�s�_�k�l�\�e�y�e�b�� �i�h�� �o�j�h�f�Z�l�h��
�]�j�Z�f�f�Z�f�� �b�g�^�b�\�b�^�m�Z�e�v�g�u�o�� �\�_�s�_�k�l�\�� �h�l�g�h��
�k�b�l�_�e�v�g�h���\�h�^�u���d�Z�d���f�Z�j�d�_�j�Z���f�_�j�l�\�h�]�h���\�j�_��
�f�_�g�b�� �^�e�y�� �f�g�h�]�h�n�m�g�d�p�b�h�g�Z�e�v�g�h�c�� �g�_�i�h��
�^�\�b�`�g�h�c�� �n�Z�a�u�� �i�j�b�� �k�d�h�j�h�k�l�b�� �i�h�l�h�d�Z 
���� �k�f3���f�b�g���� �l�_�f�i�_�j�Z�l�m�j�_�� �d�h�e�h�g�d�b�� �����ƒ�K����
�M�N-�^�_�l�_�d�l�b�j�h�\�Z�g�b�b���i�j�b���^�e�b�g�Z�o���\�h�e�g������������
220, 270 �g�f�� 

�>�e�y�� �i�h�^�l�\�_�j�`�^�_�g�b�y�� �j�_�a�m�e�v�l�Z�l�b�\�g�h�k�l�b��
�k�b�g�l�_�a�Z�� �k�h�j�[�_�g�l�Z�� �k�l�j�m�d�l�m�j�m�� �i�j�b�\�b�l�u�o��
�n�j�Z�]�f�_�g�l�h�\�� �b�a�m�q�Z�e�b�� �f�_�l�h�^�h�f�� �=�O-�F�K�� �k��
�l�_�j�f�h�^�_�k�h�j�[�p�b�_�c�� �k�� �i�h�f�h�s�v�x�� �k�b�k�l�_�f�u��
Agilent GC (8890)-MS (5977B) (Agilent 
�7�H�F�K�Q�R�O�R�J�L�H�V���� �K�R�:������ �k�h�k�l�h�y�s�_�c�� �b�a�� �f�h��
�g�h�d�\�Z�^�j�m�i�h�e�v�g�h�]�h�� �F�K-�^�_�l�_�d�l�h�j�Z�� �k�� �b�k��
�l�h�q�g�b�d�h�f���w�e�_�d�l�j�h�g�g�h�c�� �b�h�g�b�a�Z�p�b�b���� �l�_�j��
�f�h�k�l�Z�l�Z�� �d�h�e�h�g�d�b���� �h�o�e�Z�`�^�Z�_�f�h�]�h�� �m�a�e�Z��
�\�\�h�^�Z�� �i�j�h�[�u���� �l�_�j�f�h�^�_�k�h�j�[�_�j�Z�� ���7�'�8�� ��������
�Z�\�l�h�f�Z�l�b�q�_�k�d�h�c�� �j�h�[�h�l�b�a�b�j�h�\�Z�g�g�h�c�� �k�b��
�k�l�_�f�u���\�\�h�^�Z���i�j�h�[�u�����*�H�U�V�W�H�O�����=�_�j�f�Z�g�b�y�����b��
�e�b�g�b�b�� �i�h�^�Z�q�b�� �]�Z�a�h�\�� ���+�H���� ���� �k�f3���f�b�g������ �B�k��
�i�h�e�v�a�h�\�Z�e�b�� �^�\�_�� �k�h�_�^�b�g�_�g�g�u�_�� �i�h�k�e�_�^�h�\�Z��
�l�_�e�v�g�h���d�h�e�h�g�d�b���+�3-���0�6�������� �f�� �î�� ���������� �f�f����
���������� �f�d�f�� ���$�J�L�O�H�Q�W�� �7�H�F�K�Q�R�O�R�J�L�H�V���� �K�R�:������ �Z��
�l�Z�d�`�_�� �k�l�_�d�e�y�g�g�u�_�� �l�_�j�f�h�^�_�k�h�j�[�p�b�h�g�g�u�_��
�l�j�m�[�d�b���������î�����������k�f�������d�\�Z�j�p�_�\�m�x���k�l�_�d�e�h�\�Z�l�m��
�q���^���Z�������7�5�$�-�$�1�����:�\�k�l�j�Z�e�b�y���� 

�H�i�b�k�Z�g�b�_�� �f�_�o�Z�g�b�a�f�Z�� �m�^�_�j�`�b�\�Z�g�b�y. 
�>�e�y���a�Z�j�y�`�_�g�g�u�o���k�h�_�^�b�g�_�g�b�c���j�_�]�b�k�l�j�b�j�h��
�\�Z�e�b���a�Z�\�b�k�b�f�h�k�l�b���n�Z�d�l�h�j�h�\���m�^�_�j�`�b�\�Z�g�b�y��
�h�l�� �d�h�g�p�_�g�l�j�Z�p�b�b�� �w�e�x�b�j�m�x�s�_�]�h �b�h�g�Z��
�>�W�B�@���\���n�h�j�f�_���m�j�Z�\�g�_�g�b�y���b�h�g�g�h�]�h���h�[�f�_�g�Z����
�N�¶� �I�������>�W�B�@������ �I�j�b�� �w�d�k�l�j�Z�i�h�e�y�p�b�b�� �g�Z�� �[�_�k��
�d�h�g�_�q�g�h���[�h�e�v�r�m�x���d�h�g�p�_�g�l�j�Z�p�b�x���W�B���i�h��
�e�m�q�Z�e�b�� �n�Z�d�l�h�j�u�� �m�^�_�j�`�b�\�Z�g�b�y���� �\�u�a�\�Z�g��
�g�u�_�� �g�_�w�e�_�d�l�j�h�k�l�Z�l�b�q�_�k�d�b�f�b�� �\�a�Z�b�f�h�^�_�c��
�k�l�\�b�y�f�b�����N�¶�=�B�O
E�G�"�� �?�� �;. �I�j�b�g�b�f�Z�y���i�h�k�l�h��

�y�g�g�u�f�b�� �\�_�e�b�q�b�g�u���N�¶�=�B�O
E�G�"�� �?�� ���� �h�i�j�_�^�_��
�e�y�e�b���\�d�e�Z�^�u���b�h�g�g�h�]�h���h�[�f�_�g�Z���\���m�^�_�j�`�b�\�Z��
�g�b�_���k�h�_�^�b�g�_�g�b�c���^�e�y���\�k�_�o���\�_�e�b�q�b�g���d�h�g�p�_�g��
�l�j�Z�p�b�b���w�e�x�b�j�m�x�s�_�]�h���b�h�g�Z�����I�j�b���w�l�h�f���h�[��
�s�_�_�� �m�^�_�j�`�b�\�Z�g�b�_�� �j�Z�k�k�f�Z�l�j�b�\�Z�e�b�� �d�Z�d��
�k�m�f�f�m�����N�¶�=�B�O
E���G�"�� �?�� �; �b���N�¶IEX. 

�H�[�k�m�`�^�_�g�b�_���j�_�a�m�e�v�l�Z�l�h�\ 

�K�h�]�e�Z�k�g�h�� �k�l�j�m�d�l�m�j�_���� �i�j�_�^�i�h�e�Z�]�Z�_�f�h�c��
�g�Z���h�k�g�h�\�_���w�e�_�f�_�g�l�g�h�]�h���Z�g�Z�e�b�a�Z���b���=�O-�F�K��
�k�� �l�_�j�f�h�^�_�k�h�j�[�p�b�_�c���� �Z�� �l�Z�d�`�_�� �j�_�a�m�e�v�l�Z�l�Z�f��
�l�_�k�l�Z�� �L�Z�g�Z�d�Z�� �^�e�y�� �]�b�^�j�h�n�b�e�v�g�u�o�� �k�h�j�[�_�g��
�l�h�\ [4,6]�����b�k�i�h�e�v�a�m�_�f�Z�y���o�j�h�f�Z�l�h�]�j�Z�n�b�q�_��
�k�d�Z�y�� �d�h�e�h�g�d�Z�� �o�Z�j�Z�d�l�_�j�b�a�m�_�l�k�y�� �\�u�k�h�d�h�c��
�Z�g�b�h�g�h�h�[�f�_�g�g�h�c�� �k�_�e�_�d�l�b�\�g�h�k�l�v�x��
(�r(AX)=������������ �K�� �w�l�h�c�� �\�_�e�b�q�b�g�h�c�� �k�h�]�e�Z�k�m��
�_�l�k�y�� �h�l�k�m�l�k�l�\�b�_�� �m�^�_�j�`�b�\�Z�g�b�y�� �h�j�]�Z�g�b�q�_��
�k�d�b�o�� �d�Z�l�b�h�g�h�\�� �b�� �k�b�e�v�g�u�o�� �h�k�g�h�\�Z�g�b�c��
�\�k�e�_�^�k�l�\�b�_�� �b�o�� �w�e�_�d�l�j�h�k�l�Z�l�b�q�_�k�d�h�]�h�� �h�l��
�l�Z�e�d�b�\�Z�g�b�y���� �w�d�k�i�_�j�b�f�_�g�l�Z�e�v�g�h�� �g�Z�[�e�x�^�Z��
�_�f�h�_���\�h���\�k�_�f���^�b�Z�i�Z�a�h�g�_���j�Z�k�k�f�Z�l�j�b�\�Z�_�f�u�o��
�j�Z�[�h�q�b�o�� �m�k�e�h�\�b�c�� ���’���u

�u  2.85-5.76 
( �’���ê

�æ  5.5-9.2); [A �>] 1.25-������ �f�F������ �K�h�j�[�_�g�l��
�i�j�h�^�_�f�h�g�k�l�j�b�j�h�\�Z�e�� �i�h�\�u�r�_�g�g�m�x�� �]�b�^�j�h��
�n�b�e�v�g�h�k�l�v�� ���N�¶�8=������������ �Z�� �l�Z�d�`�_�� �k�_�e�_�d�l�b�\��
�g�h�k�l�v���i�h���h�l�g�h�r�_�g�b�x���d�� �]�b�^�j�h�d�k�b�]�j�m�i�i�Z�f��
���.���2�+��=������������ �q�l�h�� �k�\�b�^�_�l�_�e�v�k�l�\�h�\�Z�e�h�� �h�[��
�w�n�n�_�d�l�b�\�g�h�f�� �w�d�j�Z�g�b�j�h�\�Z�g�b�b�� �]�b�^�j�h�n�h�[��
�g�h�c�� �f�Z�l�j�b�p�u�� �I�K-�>�<�;�� �i�h�e�b�w�e�_�d�l�j�h�e�b�l��
�g�u�f�b�� �p�_�i�h�q�d�Z�f�b�� �k�� �d�\�Z�l�_�j�g�b�a�h�\�Z�g�g�u�f��
�Z�a�h�l�h�f�� �\�� �k�l�j�m�d�l�m�j�_�� �n�m�g�d�p�b�h�g�Z�e�v�g�h�]�h��
�k�e�h�y�����W�l�b���i�Z�j�Z�f�_�l�j�u���o�Z�j�Z�d�l�_�j�b�a�m�x�l���i�_�j��
�k�i�_�d�l�b�\�g�h�k�l�v���^�Z�g�g�h�c���g�_�i�h�^�\�b�`�g�h�c���n�Z�a�u��
�^�e�y�� �j�Z�a�^�_�e�_�g�b�y���d�b�k�e�h�l�g�u�o�� �k�h�_�^�b�g�_�g�b�c�� �\��
�j�_�`�b�f�_���=�B�O�� 

�F�_�l�h�^�h�e�h�]�b�y�� �<�Z�`�g�u�f���n�Z�d�l�h�j�h�f�����\�e�b��
�y�x�s�b�f�� �d�Z�d�� �g�Z�� �w�e�_�d�l�j�h�k�l�Z�l�b�q�_�k�d�b�_ �\�a�Z�b��
�f�h�^�_�c�k�l�\�b�y�����l�Z�d���b���g�Z���]�b�^�j�h�n�b�e�v�g�h�k�l�v���g�_��
�i�h�^�\�b�`�g�h�c���n�Z�a�u�����y�\�e�y�_�l�k�y��pH �i�h�^�\�b�`�g�h�c��
�n�Z�a�u���� �H�i�j�_�^�_�e�_�g�b�_�� �d�b�k�e�h�l�g�h�k�l�b�� �\�� �=�B�O��
�h�k�e�h�`�g�_�g�h�� �l�_�f���� �q�l�h�� �i�h�^�\�b�`�g�Z�y�� �n�Z�a�Z�� �k�h��
�^�_�j�`�b�l�� �i�j�_�\�Z�e�b�j�m�x�s�m�x�� �^�h�e�x�� �Z�i�j�h�l�h�g��
�g�h�]�h�� �h�j�]�Z�g�b�q�_�k�d�h�]�h�� �j�Z�k�l�\�h�j�b�l�_�e�y���� �q�l�h��
�i�j�b�\�h�^�b�l���d���k�g�b�`�_�g�b�x���k�b�e�u���d�b�k�e�h�l���b���h�k�g�h��
�\�Z�g�b�c���� �G�Z�b�[�h�e�_�_�� �b�g�n�h�j�f�Z�l�b�\�g�u�f�� �i�h�^�o�h��
�^�h�f�� �y�\�e�y�_�l�k�y�� �b�k�i�h�e�v�a�h�\�Z�g�b�_�� �^�\�m�o�� �r�d�Z�e����
�i�_�j�\�Z�y�� �b�a�� �d�h�l�h�j�u�o���’���u

�u  �h�l�g�h�k�b�l�k�y�� �d�� �q�b��
�k�l�h�c���\�h�^�_�����Z���\�l�h�j�Z�y���’���ê

�æ �� �± �d���\�h�^�g�h-�h�j�]�Z�g�b��
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�q�_�k�d�h�c�� �i�h�^�\�b�`�g�h�c�� �n�Z�a�_�� �d�h�g�d�j�_�l�g�h�]�h�� �k�h��
�k�l�Z�\�Z [16-18]���� �A�Z�\�b�k�b�f�h�k�l�v�� �n�Z�d�l�h�j�Z�� �m�^�_�j��
�`�b�\�Z�g�b�y�� �Z�g�Z�e�b�l�Z�� �h�l�� �j�G�� �\�� �i�j�h�k�l�_�c�r�_�f��
�\�b�^�_�����d�h�]�^�Z���Z�g�Z�e�b�l���b�e�b���k�h�j�[�_�g�l���g�_�c�l�j�Z�e�_�g����
�h�i�b�k�u�\�Z�_�l�k�y���m�j�Z�\�g�_�g�b�_�f�����\�\�_�^�_�g�g�u�f���O�h�j��
�\�Z�l�h�f���b���k�h�Z�\�l����[19, 20]�����<���h�[�s�_�f���\�b�^�_���j�_��
�Z�e�v�g�u�_�� �a�Z�\�b�k�b�f�h�k�l�b�� �y�\�e�y�x�l�k�y�� �d�h�f�[�b�g�Z��
�p�b�_�c���]�j�Z�n�b�d�h�\���k�h�h�l�\�_�l�k�l�\�m�x�s�_�]�h���m�j�Z�\�g�_��
�g�b�y�� �b�� �i�j�_�^�k�l�Z�\�e�y�x�l�� �k�h�[�h�c���� �d�Z�d�� �i�j�Z�\�b�e�h����
�d�j�b�\�u�_�� �k�� �f�Z�d�k�b�f�m�f�h�f���� �j�Z�k�i�h�e�h�`�_�g�g�u�f��
�\�[�e�b�a�b���\�_�e�b�q�b�g�u���’ �-�Ô�ê

�æ  [21]. 
�A�Z�\�b�k�b�f�h�k�l�v�� �m�^�_�j�`�b�\�Z�g�b�y�� �h�l�� �d�h�g�p�_�g��

�l�j�Z�p�b�b���w�e�x�b�j�m�x�s�_�]�h �b�h�g�Z���\���n�h�j�f�_���m�j�Z�\��
�g�_�g�b�y���b�h�g�g�h�]�h���h�[�f�_�g�Z�����������i�h�a�\�h�e�y�_�l���h�p�_��
�g�b�l�v�� �h�l�g�h�k�b�l�_�e�v�g�u�c�� �\�d�e�Z�^�� �i�h�k�e�_�^�g�_�]�h�� �\��
�m�^�_�j�`�b�\�Z�g�b�_���b�h�g�b�a�b�j�m�_�f�u�o���Z�g�Z�e�b�l�h�\���i�m��
�l�_�f�� �w�d�k�l�j�Z�i�h�e�y�p�b�b�� �n�Z�d�l�h�j�h�\�� �b�o�� �m�^�_�j�`�b��
�\�Z�g�b�y���g�Z���[�_�k�d�h�g�_�q�g�h���[�h�e�v�r�m�x���d�h�g�p�_�g�l�j�Z��
�p�b�x�� �w�e�x�b�j�m�x�s�_�]�h�� �b�h�g�Z���� �d�h�]�^�Z�� �b�h�g�g�u�c��
�h�[�f�_�g���i�h�^�Z�\�e�_�g��[11, 22, 23]�����M�]�h�e���g�Z�d�e�h�g�Z��
�m�j�Z�\�g�_�g�b�y�� �b�h�g�g�h�]�h�� �h�[�f�_�g�Z�� �\�� �e�h�]�Z�j�b�n�f�b��
�q�_�k�d�h�f���\�b�^�_���k�h�h�l�\�_�l�k�l�\�m�_�l���h�l�g�h�r�_�g�b�x���a�Z��
�j�y�^�h�\�� �Z�g�Z�e�b�l�Z�� �b�� �w�e�x�b�j�m�x�s�_�]�h�� �b�h�g�Z�� ����������
�W�e�_�d�l�j�h�k�l�Z�l�b�q�_�k�d�b�_�� �\�a�Z�b�f�h�^�_�c�k�l�\�b�y�� �f�h��
�]�m�l�� �h�d�Z�a�u�\�Z�l�v�� �h�i�j�_�^�_�e�y�x�s�_�_�� �\�e�b�y�g�b�_�� �g�Z��
�j�Z�a�^�_�e�_�g�b�_���� �\�h�a�f�h�`�g�h�k�l�v�� �b�o�� �d�h�g�l�j�h�e�b�j�h��
�\�Z�l�v�� �i�h�a�\�h�e�y�_�l�� �^�h�[�b�l�v�k�y�� �\�u�k�h�d�h�c�� �k�_�e�_�d��
�l�b�\�g�h�k�l�b�� �j�Z�a�^�_�e�_�g�b�y�� �b�h�g�b�a�b�j�m�_�f�u�o�� �Z�g�Z��
�e�b�l�h�\���\ �k�f�_�r�Z�g�g�h�f���j�_�`�b�f�_���<�W�@�O�����D���l�Z��
�d�h�f�m�� �l�b�i�m�� �a�Z�^�Z�q�� �h�l�g�h�k�b�l�k�y�� �h�i�j�_�^�_�e�_�g�b�_��
�h�j�]�Z�g�b�q�_�k�d�b�o���d�b�k�e�h�l��[11, 24, 25]. 
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�A�Z�\�b�k�b�f�h�k�l�v�� �m�^�_�j�`�b�\�Z�g�b�y�� �h�l�� �d�b�k�e�h�l��
�g�h�k�l�b���i�h�^�\�b�`�g�h�c���n�Z�a�u�����<�Z�j�v�b�j�h�\�Z�g�b�_���j�G��
�i�h�^�\�b�`�g�h�c�� �n�Z�a�u�� �i�j�h�b�a�\�h�^�b�e�b�� �k�� �b�k�i�h�e�v��
�a�h�\�Z�g�b�_�f�� �[�m�n�_�j�g�u�o���j�Z�k�l�\�h�j�h�\�� �g�Z���h�k�g�h�\�_��
�n�h�j�f�b�Z�l�Z�� �b�� �Z�p�_�l�Z�l�Z�� �Z�f�f�h�g�b�y�� �k�� �i�h�k�l�h�y�g��
�g�h�c�� �d�h�g�p�_�g�l�j�Z�p�b�_�c�� �w�e�x�b�j�m�x�s�_�]�h�� �b�h�g�Z����
�j�Z�\�g�h�c�����������f�F���\���i�h�^�\�b�`�g�h�c���n�Z�a�_�� �L�h�a�b�e-
���6�3�7�6�����b���k�l�b�j�h�e�k�m�e�v�n�h�d�b�k�e�h�l�u�����6�3�6�6�����\��
�k�h�h�l�\�_�l�k�l�\�b�b���k���\�_�e�b�q�b�g�Z�f�b���b�o���’�� �_�ê

�ê �§�í��������
�g�Z�o�h�^�y�l�k�y�� �\�� �n�h�j�f�_�� �Z�g�b�h�g�h�\�� �\�h�� �\�k�_�f�� �b�k��
�k�e�_�^�m�_�f�h�f�� �^�b�Z�i�Z�a�h�g�_�� �S�+�� �i�h�^�\�b�`�g�h�c��
�n�Z�a�u���� �>�e�y�� �^�Z�g�g�h�]�h�� �d�e�Z�k�k�Z�� �k�h�_�^�b�g�_�g�b�c��
�g�Z�[�e�x�^�Z�e�b���k�m�s�_�k�l�\�_�g�g�h�_���k�g�b�`�_�g�b�_���n�Z�d��
�l�h�j�h�\�� �m�^�_�j�`�b�\�Z�g�b�y�� �i�j�b�� �m�\�_�e�b�q�_�g�b�b�� �j�G��

�w�e�x�_�g�l�Z�����q�l�h���f�h�`�_�l���[�u�l�v���\�u�a�\�Z�g�h���k�g�b�`�_��
�g�b�_�f�� �w�n�n�_�d�l�b�\�g�h�]�h�� �i�h�e�h�`�b�l�_�e�v�g�h�]�h�� �a�Z��
�j�y�^�Z���i�h�\�_�j�o�g�h�k�l�b���k�h�j�[�_�g�l�Z�����j�b�k�������:�������<�_��
�j�h�y�l�g�h���� �w�l�h�� �k�\�y�a�Z�g�h�� �k�� �g�_�i�h�e�g�u�f�� �Z�e�d�b�e�b��
�j�h�\�Z�g�b�_�f�� �Z�f�b�g�h�]�j�m�i�i�� �k�h�j�[�_�g�l�Z�� �\�� �i�j�h��
�p�_�k�k�_�� �k�b�g�l�_�a�Z���� �\�� �j�_�a�m�e�v�l�Z�l�_�� �q�_�]�h�� �\�� �n�m�g�d��
�p�b�h�g�Z�e�v�g�h�f�� �k�e�h�_�� �f�h�]�m�l�� �i�j�b�k�m�l�k�l�\�h�\�Z�l�v��
�Z�f�b�g�h�]�j�m�i�i�u���j�Z�a�g�h�c���k�l�_�i�_�g�b���a�Z�f�_�s�_�g�g�h��
�k�l�b�����k�i�h�k�h�[�g�u�_���i�j�h�l�h�g�b�j�h�\�Z�l�v�k�y���i�j�b���g�b�a��
�d�b�o���a�g�Z�q�_�g�b�y�o���j�G���i�h�^�\�b�`�g�h�c���n�Z�a�u�����K�h�h�l��
�\�_�l�k�l�\�_�g�g�h�����i�j�b���i�h�\�u�r�_�g�b�b���S�+���i�j�h�b�k�o�h��
�^�b�l�� �k�g�b�`�_�g�b�_�� �Z�g�b�h�g�h�h�[�f�_�g�g�h�c�� �_�f�d�h�k�l�b��
�d�h�e�h�g�d�b���\���j�_�a�m�e�v�l�Z�l�_���^�_�i�j�h�l�h�g�b�j�h�\�Z�g�b�y������
�G�_�k�f�h�l�j�y�� �g�Z�� �\�_�e�b�q�b�g�m��logD���� �g�Z�[�e�x�^�Z�e�b��
�[�h�e�v�r�_�_�� �m�^�_�j�`�b�\�Z�g�b�_�� ������-�^�b�g�b�l�j�h�[�_�g��
�a�h�c�g�h�c�� �d�b�k�e�h�l�u�� ���’ �� �_�u

�u =���������� �i�h�� �k�j�Z�\�g�_��
�g�b�x�� �k�� �k�m�e�v�n�h�g�Z�l�Z�f�b���� �i�j�b�� �w�l�h�f�� �a�Z�\�b�k�b��
�f�h�k�l�v�� �h�l��pH �[�u�e�Z�� �Z�g�Z�e�h�]�b�q�g�h�c���� �<�� �l�h�� �`�_��
�\�j�_�f�y�����^�e�y���[�h�e�_�_���k�e�Z�[�u�o���d�b�k�e�h�l�����i-�g�b�l�j�h��
�[�_�g�a�h�c�g�Z�y�����’ �� �_�u

�u =�������������f-�g�b�l�j�h�[�_�g�a�h�c�g�Z�y��
( �’ �� �_�u
�u =���������� �b�� �g�b�d�h�l�b�g�h�\�Z�y�� ���’ �� �_�u

�u =4.8)) 
�g�Z�[�e�x�^�Z�e�b���m�\�_�e�b�q�_�g�b�_���\�j�_�f�_�g���m�^�_�j�`�b�\�Z��
�g�b�y�� �k�� �i�h�\�u�r�_�g�b�_�f�� �j�G���� �q�l�h�� �k�\�y�a�Z�g�h���� �\��
�i�_�j�\�m�x���h�q�_�j�_�^�v�����k���m�k�b�e�_�g�b�_�f���b�h�g�g�h�]�h���h�[��
�f�_�g�Z���� �\�u�a�\�Z�g�g�u�f�� �m�\�_�e�b�q�_�g�b�_�f�� �k�l�_�i�_�g�b��
�^�b�k�k�h�p�b�Z�p�b�b���Z�g�Z�e�b�l�Z���i�h���f�_�j�_���i�j�b�[�e�b�`�_��
�g�b�y�� �j�G�� �w�e�x�_�g�l�Z�� �d�� �\�_�e�b�q�b�g�_���’�� �_���� �J�Z�\�g�h��
�a�g�Z�q�g�h�_�� �m�^�_�j�`�b�\�Z�g�b�_�� �i- �b�� �f-�g�b�l�j�h�[�_�g��
�a�h�c�g�u�o�� �d�b�k�e�h�l�� �h�l�j�Z�`�Z�_�l�� �h�l�k�m�l�k�l�\�b�_�� �k�_��
�e�_�d�l�b�\�g�h�k�l�b���d�h�e�h�g�d�b���d���k�l�j�m�d�l�m�j�g�u�f���b�a�h��
�f�_�j�Z�f���a�Z���k�q�_�l���g�_�k�i�_�p�b�n�b�q�_�k�d�b�o���w�e�_�d�l�j�h��
�k�l�Z�l�b�q�_�k�d�b�o���\�a�Z�b�f�h�^�_�c�k�l�\�b�c�� 

�K�Z�e�b�p�b�e�h�\�Z�y�� �d�b�k�e�h�l�Z�� ���’ �-�Ô�u
�u � ���������� �b��

2,4-�^�b�g�b�l�j�h�n�_�g�h�e�� ���’ �-�Ô�u
�u � ���������� �i�h�d�Z�a�Z�e�b��

�Z�g�h�f�Z�e�v�g�h�� �\�u�k�h�d�h�_�� �m�^�_�j�`�b�\�Z�g�b�_�� �i�j�b��
�’���u

�u  ������������ �m�q�b�l�u�\�Z�y�� �\�_�e�b�q�b�g�u��logD���� �Z��
�l�Z�d�`�_�� �i�h�g�b�`�_�g�g�u�c�� �\�d�e�Z�^�� �b�h�g�g�h�]�h�� �h�[��
�f�_�g�Z�� �i�h�� �k�j�Z�\�g�_�g�b�x�� �k�� �k�m�e�v�n�h�g�Z�l�Z�f�b�� �b��
�g�b�l�j�h�[�_�g�a�h�c�g�u�f�b �d�b�k�e�h�l�Z�f�b�����I�j�b���i�h�\�u��
�r�_�g�b�b���’���u

�u  �^�h������������ �j�_�]�b�k�l�j�b�j�h�\�Z�e�b���k�g�b��
�`�_�g�b�_�� �b�o�� �n�Z�d�l�h�j�h�\�� �m�^�_�j�`�b�\�Z�g�b�y���� �g�_��
�k�f�h�l�j�y���g�Z���h�`�b�^�Z�_�f�h�_���m�\�_�e�b�q�_�g�b�_���\�d�e�Z�^�Z��
�b�h�g�g�h�]�h�� �h�[�f�_�g�Z���� �i�j�b�� �w�l�h�f�� �^�Z�e�v�g�_�c�r�_�]�h��
�b�a�f�_�g�_�g�b�y�� �m�^�_�j�`�b�\�Z�g�b�y�� �g�_�� �g�Z�[�e�x�^�Z�e�b����
�L�Z�d�Z�y�� �g�_�h�[�u�q�g�Z�y�� �a�Z�\�b�k�b�f�h�k�l�v�� �f�h�`�_�l��
�[�u�l�v�� �\�u�a�\�Z�g�Z�� �b�a�f�_�g�_�g�b�_�f�� �^�h�f�b�g�b�j�m�x��
�s�_�]�h�� �f�_�o�Z�g�b�a�f�Z�� �m�^�_�j�`�b�\�Z�g�b�y�� �k�h�_�^�b�g�_��
�g�b�c�� �\�� �^�Z�g�g�h�f�� �^�b�Z�i�Z�a�h�g�_���� �h�k�e�h�`�g�_�g�g�u�f��
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�\�h�a�f�h�`�g�h�k�l�v�x�� �h�[�j�Z�a�h�\�Z�g�b�y�� �\�g�m�l�j�b�f�h�e�_��
�d�m�e�y�j�g�u�o���\�h�^�h�j�h�^�g�u�o���k�\�y�a�_�c�����h�k�e�Z�[�e�y�x��
�s�b�o�� �d�Z�d�� �b�h�g�g�u�c�� �h�[�f�_�g���� �l�Z�d�� �b�� �k�i�h�k�h�[��
�g�h�k�l�v���d���h�[�j�Z�a�h�\�Z�g�b�x���\�h�^�h�j�h�^�g�u�o���k�\�y�a�_�c��
�k���n�m�g�d�p�b�h�g�Z�e�v�g�u�f�b���]�j�m�i�i�Z�f�b���k�h�j�[�_�g�l�Z�� 

�E�m�q�r�b�_�� �m�k�e�h�\�b�y�� �j�Z�a�^�_�e�_�g�b�y�� �d�b�k�e�h�l��
�^�Z�g�g�h�c�� �]�j�m�i�i�u�� ���’ �-�Ô�u

�u 
Q������ �^�h�k�l�b�]�Z�e�b�k�v��
�i�j�b�� �’���u

�u � ������������ �g�h�� �\�j�_�f�_�g�Z�� �m�^�_�j�`�b�\�Z�g�b�y��
�k�Z�e�b�p�b�e�h�\�h�c���b���^�b�g�b�l�j�h�[�_�g�a�h�c�g�h�c���d�b�k�e�h�l��
�i�j�b�� �w�l�b�o�� �m�k�e�h�\�b�y�o�� �^�h�k�l�Z�l�h�q�g�h�� �\�_�e�b�d�b��
���[�h�e�_�_�� ������ �f�b�g������ �q�l�h�� �\�u�j�Z�`�Z�e�h�k�v�� �\�� �^�e�b��
�l�_�e�v�g�h�k�l�b���Z�g�Z�e�b�a�Z���� 

�>�e�y�� �[�_�g�a�h�c�g�h�c�� ���’ �-�Ô�u
�u =4.2), �i-�f�_��

�l�b�e�[�_�g�a�h�c�g�h�c�� ���’ �-�Ô�u
�u � ���������� �b���i-�f�_�l�h�d��

�k�b�[�_�g�a�h�c�g�h�c�� ���’ �-�Ô�u
�u � ���������� �d�b�k�e�h�l�� �g�Z�[�e�x��

�^�Z�e�b���m�\�_�e�b�q�_�g�b�_���n�Z�d�l�h�j�h�\���m�^�_�j�`�b�\�Z�g�b�y���k��
�i�h�\�u�r�_�g�b�_�f�� �j�G�� �i�h�^�\�b�`�g�h�c�� �n�Z�a�u���� �q�l�h��
�k�\�y�a�Z�g�h�� �k�� �m�k�b�e�_�g�b�_�f�� �b�h�g�g�h�]�h�� �h�[�f�_�g�Z���� �Z��
�l�Z�d�`�_���i�h�\�u�r�_�g�b�_�f���]�b�^�j�h�n�b�e�v�g�h�k�l�b���Z�g�Z��

�e�b�l�Z�� ��logD���� �\�k�e�_�^�k�l�\�b�_�� �m�\�_�e�b�q�_�g�b�y�� �k�l�_��
�i�_�g�b�� �^�b�k�k�h�p�b�Z�p�b�b�� ���j�b�k���� ���[������ �I�j�b��

�’���u
�u � ���������� �\�k�_�� �j�Z�k�k�f�Z�l�j�b�\�Z�_�f�u�_�� �d�b�k�e�h�l�u��
�i�j�Z�d�l�b�q�_�k�d�b�� �g�_�� �^�b�k�k�h�p�b�b�j�h�\�Z�g�u�� �b�� �m�^�_�j��
�`�b�\�Z�x�l�k�y�� �[�e�Z�]�h�^�Z�j�y�� �g�_�w�e�_�d�l�j�h�k�l�Z�l�b�q�_��
�k�d�b�f�� �\�a�Z�b�f�h�^�_�c�k�l�\�b�y�f���� �h�[�m�k�e�h�\�e�_�g�g�u�f��
�\�a�Z�b�f�h�^�_�c�k�l�\�b�y�f�b�� �f�h�e�_�d�m�e�y�j�g�h�c�� �n�h�j�f�u��
�k���f�Z�l�j�b�p�_�c���b���i�j�b�i�h�\�_�j�o�g�h�k�l�g�u�f�b���k�e�h�y�f�b��
�± �n�m�g�d�p�b�h�g�Z�e�v�g�u�f�� �b�� �Z�^�k�h�j�[�b�j�h�\�Z�g�g�u�f��
�\�h�^�g�u�f�����I�j�b���w�l�h�f�����k�_�e�_�d�l�b�\�g�h�k�l�v���b�o���j�Z�a��
�^�_�e�_�g�b�y�� �i�h�� �h�k�l�Z�\�r�b�f�k�y�� �f�_�o�Z�g�b�a�f�Z�f�� �i�j�b��
�k�o�h�^�k�l�\�_���k�l�j�m�d�l�m�j�u���g�b�a�d�Z�����E�m�q�r�b�_���m�k�e�h��
�\�b�y�� �j�Z�a�j�_�r�_�g�b�y�� �d�b�k�e�h�l�� �^�Z�g�g�h�c�� �]�j�m�i�i�u��
(4
Q �’ �-�Ô�u

�u 
Q������ �^�h�k�l�b�]�g�m�l�u�� �i�j�b�� �j�G���� �[�e�b�a��
�d�h�f���d���b�o���S�.�D�����’���u

�u  � �����������������a�Z���k�q�_�l���j�Z�a�e�b�q��
�g�h�c�� �k�i�h�k�h�[�g�h�k�l�b�� �d�� �b�h�g�g�h�f�m�� �h�[�f�_�g�m���� �Z��
�l�Z�d�`�_�� �\�a�Z�b�f�h�^�_�c�k�l�\�b�y�f�� �g�_�w�e�_�d�l�j�h�k�l�Z�l�b��
�q�_�k�d�h�c���i�j�b�j�h�^�u�� 

 

 

 
�J�b�k�����������=�b�k�l�h�]�j�Z�f�f�u���a�Z�\�b�k�b�f�h�k�l�_�c���n�Z�d�l�h�j�Z���m�^�_�j�`�b�\�Z�g�b�y���h�l���j�G���i�h�^�\�b�`�g�h�c���n�Z�a�u��c �h�l�g�h�k�b��
�l�_�e�v�g�u�f���\�d�e�Z�^�h�f���b�h�g�g�h�]�h���h�[�f�_�g�Z���\���m�^�_�j�`�b�\�Z�g�b�_�����������i�j�b�����������f�F���>�+�&�2�2�í�@�����:���> �’ �-�Ô�u

�u <4, 
�;���> �’ �-�Ô�u

�u >4. �I�h�^�\�b�`�g�Z�y���n�Z�a�Z�����+�&�2�2�+���+�&�2�2�1�D���’ ���u
�u  = 2.85, ( �’ ���u

�q  � �������������b��
CH3COOH/CH3COONa �’ ���u

�u =5.76 ( �’ ���u
�q =�����������������������f�F���>�+�&�2�2�í�@�\���I�N�����± CH3�&�1���������������h�[��%; 

�k�d�h�j�h�k�l�v���i�h�l�h�d�Z 1 �k�f3���f�b�g�����L���d�h�e�h�g�d�b��=�������K�ƒ�����M�N-�^�_�l�_�d�l�b�j�h�\�Z�g�b�_���������������������g�f�����I�Z�j�Z�f�_�l�j�u��
logD �^�e�y �k�h�_�^�b�g�_�g�b�c���j�Z�k�k�q�b�l�Z�g�u���k���i�h�f�h�s�v�x���i�j�h�]�j�Z�f�f�u��ACD/Labs 12.0 

�^�e�y���\�k�_�o���a�g�Z�q�_�g�b�c���’ ���u
�u . 

Fig. 2. Retention factor vs. pH histograms with relative ion exchange impact to retention (%) at 
2.5 mM [HCOO�í]; �: ) �> �’ �-�Ô�u

�u <4, �;) �> �’ �-�Ô�u
�u >4. Mobile phase: HCOOH/HCOONa �’���u

�u  = 2.85, 
( �’���u

�q  = 5.5) and CH3COOH/CH3COONa �’���u
�u  = 5.76 ( �’���u

�q  = 9.2); (2.5 mM [HCOO�í] in mobile 
phase) �± CH3CN 10:90 vol. %; flow rate 1 ml/min; T(column)=25 C°; UV detection 
at 254; 220 nm. logD values were calculated with the aid of ACD/Labs 12.0 for each 

analyte corresponding to �’���u
�u  range. 
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�Q�Z�k�l�b�q�g�Z�y�� �^�b�k�k�h�p�b�Z�p�b�y�� ������-�^�b�Z�f�b�g�h��
�[�_�g�a�h�c�g�h�c�� ���’ �-�Ô�u

�u � ���������� �b�� ��-�Z�f�b�g�h�[�_�g�a�h�c��
�g�h�c�� ���’ �-�Ô�u

�u � ���������� �d�b�k�e�h�l�� �g�Z�[�e�x�^�Z�e�Z�k�v��
�l�h�e�v�d�h�� �i�j�b���’���u

�u � ������������ �I�j�b�� �w�l�h�f�� �j�_�]�b��
�k�l�j�b�j�h�\�Z�e�b�� �Z�g�h�f�Z�e�v�g�h�_�� �m�\�_�e�b�q�_�g�b�_�� �\�j�_��
�f�_�g�b���m�^�_�j�`�b�\�Z�g�b�y���i�h���k�j�Z�\�g�_�g�b�x���k���[�h�e�_�_��
�k�b�e�v�g�u�f�b�� �d�b�k�e�h�l�Z�f�b���� �q�l�h�� �f�h�`�_�l�� �[�u�l�v��
�k�\�y�a�Z�g�h�� �k�h�� �k�i�_�p�b�n�b�q�_�k�d�b�f�b�� �\�a�Z�b�f�h�^�_�c��
�k�l�\�b�y�f�b�����\���q�Z�k�l�g�h�k�l�b�����h�[�j�Z�a�h�\�Z�g�b�_�f���d�h�f��
�i�e�_�d�k�g�h�]�h�� �k�h�_�^�b�g�_�g�b�y���� �<�_�j�h�y�l�g�h���� �\�� �^�Z�g��
�g�h�f���k�e�m�q�Z�_���j�_�Z�e�b�a�m�_�l�k�y���k�h�q�_�l�Z�g�b�_���]�b�^�j�h��
�n�b�e�v�g�u�o�����]�b�^�j�h�n�h�[�g�u�o���b���k�i�_�p�b�n�b�q�_�k�d�b�o��
�\�a�Z�b�f�h�^�_�c�k�l�\�b�c���� �i�j�b�\�h�^�y�s�b�o�� �\�� �k�h�\�h�d�m�i��
�g�h�k�l�b�� �k�� �m�k�b�e�b�\�Z�x�s�b�f�k�y�� �b�h�g�g�u�f�� �h�[�f�_��
�g�h�f���d���m�\�_�e�b�q�_�g�b�x���m�^�_�j�`�b�\�Z�g�b�y���\����-�����j�Z�a����
�q�l�h�� �\�Z�`�g�h�� �i�j�b�g�b�f�Z�l�v�� �\�h�� �\�g�b�f�Z�g�b�_�� �i�j�b��
�h�i�j�_�^�_�e�_�g�b�b���k�h�_�^�b�g�_�g�b�c���^�Z�g�g�h�]�h���l�b�i�Z���g�Z��
�d�h�e�h�g�d�Z�o�� �k�o�h�`�_�c�� �n�m�g�d�p�b�h�g�Z�e�v�g�h�k�l�b����
�:�g�Z�e�h�]�b�q�g�m�x���a�Z�\�b�k�b�f�h�k�l�v���n�Z�d�l�h�j�Z���m�^�_�j��
�`�b�\�Z�g�b�y�� �h�l�� �j�G�� �i�j�h�^�_�f�h�g�k�l�j�b�j�h�\�Z�e�� �n�_��
�g�b�e�Z�e�Z�g�b�g�� 

�L�Z�d�b�f�� �h�[�j�Z�a�h�f���� �\�� �k�b�e�m�� �\�u�k�h�d�h�c�� �Z�g�b�h��
�g�h�h�[�f�_�g�g�h�c�� �_�f�d�h�k�l�b�� �k�h�j�[�_�g�l�Z�� �\�h�� �\�k�_�f��
�^�b�Z�i�Z�a�h�g�_���m�k�e�h�\�b�c�����i�j�h�n�b�e�v���a�Z�\�b�k�b�f�h�k�l�b��
�m�^�_�j�`�b�\�Z�g�b�y���h�l���j�G���w�e�x�_�g�l�Z���h�i�j�_�^�_�e�y�_�l�k�y��
�\�� �i�_�j�\�m�x�� �h�q�_�j�_�^�v�� �k�h�k�l�h�y�g�b�_�f�� �Z�g�Z�e�b�l�Z���� �\��
�l�h�� �\�j�_�f�y�� �d�Z�d�� �b�a�f�_�g�_�g�b�_�� �k�h�k�l�h�y�g�b�y�� �n�m�g�d��
�p�b�h�g�Z�e�v�g�h�]�h�� �k�e�h�y�� �k�h�j�[�_�g�l�Z�� �\�e�b�y�_�l�� �g�Z�� �\�_��
�e�b�q�b�g�m�� �b�a�f�_�g�_�g�b�y�� �n�Z�d�l�h�j�Z�� �m�^�_�j�`�b�\�Z�g�b�y����

�F�_�o�Z�g�b�a�f���m�^�_�j�`�b�\�Z�g�b�y���d�b�k�e�h�l�g�u�o���k�h�_�^�b��
�g�_�g�b�c�� �g�Z�� �^�Z�g�g�h�c�� �d�h�e�h�g�d�_�� �y�\�e�y�_�l�k�y�� �d�h�f��
�i�e�_�d�k�g�u�f�����D�j�h�f�_���b�h�g�g�h�]�h���h�[�f�_�g�Z�����Z���l�Z�d�`�_��
�m�^�_�j�`�b�\�Z�g�b�y���a�Z���k�q�_�l���j�Z�k�i�j�_�^�_�e�_�g�b�y���\���i�j�b��
�i�h�\�_�j�o�g�h�k�l�g�u�c�� �\�h�^�g�u�c�� �k�e�h�c���� �^�b�i�h�e�v-�^�b��
�i�h�e�v�g�u�o�� �\�a�Z�b�f�h�^�_�c�k�l�\�b�c���� �\�h�^�h�j�h�^�g�u�o��
�k�\�y�a�_�c���b�f�_�_�l���f�_�k�l�h���\�a�Z�b�f�h�^�_�c�k�l�\�b�_���k���f�Z�l��
�j�b�p�_�c�����;�h�e�_�_���l�h�q�g�h�_���h�i�j�_�^�_�e�_�g�b�_���h�l�g�h�k�b��
�l�_�e�v�g�u�o���\�d�e�Z�^�h�\���\�a�Z�b�f�h�^�_�c�k�l�\�b�c���d�Z�`�^�h�]�h��
�l�b�i�Z���\���m�^�_�j�`�b�\�Z�g�b�_���j�Z�k�k�f�Z�l�j�b�\�Z�_�f�u�o���k�h��
�_�^�b�g�_�g�b�c���� �Z�� �l�Z�d�`�_�� �b�o�� �b�a�f�_�g�_�g�b�_�� �\�� �r�b�j�h��
�d�h�f�� �^�b�Z�i�Z�a�h�g�_�� �m�k�e�h�\�b�c�� �l�j�_�[�m�_�l�� �^�Z�e�v�g�_�c��
�r�b�o���b�k�k�e�_�^�h�\�Z�g�b�c�� 

�W�e�_�d�l�j�h�k�l�Z�l�b�q�_�k�d�b�_�� �\�a�Z�b�f�h�^�_�c�k�l�\�b�y�� 
�<�Z�j�v�b�j�m�y�� �d�h�g�p�_�g�l�j�Z�p�b�x�� �w�e�x�b�j�m�x�s�_�]�h��
�b�h�g�Z���g�_�a�Z�\�b�k�b�f�h���h�l���S�+���i�h�^�\�b�`�g�h�c���n�Z�a�u����
�k�h�]�e�Z�k�g�h���b�k�i�h�e�v�a�m�_�f�h�f�m���i�h�^�o�h�^�m�����f�h�`�g�h��
�m�i�j�Z�\�e�y�l�v�� �\�d�e�Z�^�h�f�� �b�h�g�g�h�]�h�� �h�[�f�_�g�Z�� �\��
�m�^�_�j�`�b�\�Z�g�b�_�� �b�h�g�b�a�b�j�m�_�f�u�o�� �Z�g�Z�e�b�l�h�\����
�l�_�f�� �k�Z�f�u�f�� �f�h�^�_�e�b�j�m�y�� �k�_�e�_�d�l�b�\�g�h�k�l�v���� �<��
�l�Z�[�e�b�p�Z�o�������b�������i�j�b�\�_�^�_�g�u���h�l�g�h�k�b�l�_�e�v�g�u�_��
�\�d�e�Z�^�u�� �b�h�g�g�h�]�h�� �h�[�f�_�g�Z���� �Z�� �l�Z�d�`�_�� �\�_�e�b��
�q�b�g�u�� �m�]�e�h�\�u�o�� �d�h�w�n�n�b�p�b�_�g�l�h�\�� ��a) �^�e�y��
�d�b�k�e�h�l�� �j�Z�a�g�h�c�� �k�b�e�u���� �i�h�e�m�q�_�g�g�u�_�� �i�h�� �j�_��
�a�m�e�v�l�Z�l�Z�f�� �k�l�Z�l�b�k�l�b�q�_�k�d�h�c�� �h�[�j�Z�[�h�l�d�b�� �a�Z��
�\�b�k�b�f�h�k�l�_�c�� �m�^�_�j�`�b�\�Z�g�b�y�� �h�l�� �d�h�g�p�_�g�l�j�Z��
�p�b�b���w�e�x�b�j�m�x�s�_�]�h���b�h�g�Z���\���]�j�Z�g�b�q�g�u�o���l�h�q��
�d�Z�o�� �^�b�Z�i�Z�a�h�g�Z���L�*�ê

�ê  ���������� �b�� ��������. �B�h�g�g�u�c��

�L�Z�[�e�b�p�Z���������B�a�f�_�g�_�g�b�_���\�d�e�Z�^�Z���b�h�g�g�h�]�h���h�[�f�_�g�Z���\���m�^�_�j�`�b�\�Z�g�b�_���\���a�Z�\�b�k�b�f�h�k�l�b���h�l���d�h�g�p�_�g�l�j�Z��
�p�b�b���w�e�x�b�j�m�x�s�_�]�h���b�h�g�Z���^�e�y���l�_�k�l�h�\�u�o���Z�g�Z�e�b�l�h�\���i�j�b���’���u

�u  = 2.85, �’���u
�æ  = 5.5; [HCOO�>] = 1.25; 

�����������������������������f�F����n = 4, P = 0.95�����H�k�l�Z�e�v�g�u�_ �m�k�e�h�\�b�y �m�d�Z�a�Z�g�u �\ �i�h�^�i�b�k�b �d �j�b�k. 2. 
�7�D�E�O�H���������5�H�O�D�W�L�Y�H���L�R�Q���H�[�F�K�D�Q�J�H���L�P�S�D�F�W�V���L�Q���W�H�V�W���D�Q�D�O�\�W�H�V�¶���U�H�W�H�Q�W�L�R�Q���D�W���Y�D�U�L�H�G���F�R�X�Q�W�H�U���L�R�Q���F�R�Q�F�H�Q�W�U�D�W�L�R�Q��
at �’���u

�u =2.85, �’���u
�æ =5.5; [HCOO�>]=1.25; 2.5; 5.0; 7.5 �f�F ; n=4, P=0.95. Other conditions are listed 

in Fig. 2. 
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�h�[�f�_�g���h�l�g�h�k�b�l�k�y���d���g�_�k�i�_�p�b�n�b�q�_�k�d�b�f���\�a�Z��
�b�f�h�^�_�c�k�l�\�b�y�f���� �i�h�w�l�h�f�m�� �i�j�b���^�h�f�b�g�b�j�m�x��
�s�_�f�� �\�d�e�Z�^�_�� �i�h�k�e�_�^�g�_�]�h�� �Z�g�Z�e�b�l�u�� �f�h�]�m�l��
�[�u�l�v���j�Z�a�^�_�e�_�g�u���l�h�e�v�d�h���g�Z���h�k�g�h�\�Z�g�b�b���\�a�Z�b��
�f�h�^�_�c�k�l�\�b�c�� �^�j�m�]�h�]�h�� �l�b�i�Z���� �q�l�h�� �k�h�d�j�Z�s�Z�_�l��
�\�u�[�h�j�� �m�k�e�h�\�b�c�� �b�o�� �j�Z�a�j�_�r�_�g�b�y���� �<�Z�j�v�b�j�m�y��
�d�b�k�e�h�l�g�h�k�l�v�� �i�h�^�\�b�`�g�h�c�� �n�Z�a�u���� �f�h�`�g�h�� �b�a��
�f�_�g�y�l�v�� �k�h�k�l�h�y�g�b�_�� �Z�g�Z�e�b�l�h�\�� �b���� �k�h�h�l�\�_�l��
�k�l�\�_�g�g�h�����^�h�e�x���b�h�g�g�h�]�h���h�[�f�_�g�Z���\���d�h�f�i�e�_�d�k��
�g�h�f���f�_�o�Z�g�b�a�f�_���b�o���m�^�_�j�`�b�\�Z�g�b�y�� 

�L�Z�d�����i�j�b�� �’���u
�u  �����������g�_���\�k�_���d�b�k�e�h�l�u���^�b�k��

�k�h�p�b�b�j�h�\�Z�g�u�� �\�� �^�h�k�l�Z�l�h�q�g�h�c�� �k�l�_�i�_�g�b���� �^�e�y��
�Z�g�Z�e�b�l�h�\���k�����’ �-�Ô�u

�u �!�����g�Z�[�e�x�^�Z�_�l�k�y���a�Z�f�_�l�g�u�c��
�\�d�e�Z�^�� �\�a�Z�b�f�h�^�_�c�k�l�\�b�c�� �g�_�w�e�_�d�l�j�h�k�l�Z�l�b�q�_��
�k�d�h�c���i�j�b�j�h�^�u�����K�h�h�l�\�_�l�k�l�\�_�g�g�h�����f�h�`�g�h���^�h��
�[�b�l�v�k�y�� �j�Z�a�^�_�e�_�g�b�y�� �d�b�k�e�h�l�� �j�Z�a�g�h�c�� �k�b�e�u�� �a�Z��
�k�q�_�l���b�a�f�_�g�_�g�b�y���\�d�e�Z�^�Z���b�h�g�g�h�]�h���h�[�f�_�g�Z�����\�Z��
�j�v�b�j�m�y���d�h�g�p�_�g�l�j�Z�p�b�x���w�e�x�b�j�m�x�s�_�]�h���b�h�g�Z��
�\�� �^�b�Z�i�Z�a�h�g�_���� �h�[�_�k�i�_�q�b�\�Z�x�s�_�f�� �^�h�k�l�Z�l�h�q��
�g�m�x���[�m�n�_�j�g�m�x���_�f�d�h�k�l�v�� 

�I�j�b�� �’���u
�u  ���������� �i�j�Z�d�l�b�q�_�k�d�b�� �\�k�_�� �d�b�k��

�e�h�l�u���^�b�k�k�h�p�b�b�j�h�\�Z�g�u���\���l�h�c���b�e�b���b�g�h�c���k�l�_��
�i�_�g�b���� �\�d�e�Z�^���b�h�g�g�h�]�h���h�[�f�_�g�Z���f�Z�d�k�b�f�Z�e�_�g��
�b�� �k�e�Z�[�h�� �i�h�^�\�_�j�`�_�g�� �\�e�b�y�g�b�x�� �d�h�g�p�_�g�l�j�Z��
�p�b�b�� �w�e�x�b�j�m�x�s�_�]�h�� �b�h�g�Z���� �d�h�l�h�j�Z�y�� �m�`�_�� �g�_��
�[�m�^�_�l�� �w�n�n�_�d�l�b�\�g�u�f�� �b�g�k�l�j�m�f�_�g�l�h�f�� �i�h�^��
�[�h�j�Z�� �m�k�e�h�\�b�c�� �j�Z�a�^�_�e�_�g�b�y���� �k�h�]�e�Z�k�g�h�� �[�e�b��
�a�h�k�l�b�� �\�_�e�b�q�b�g�� �m�]�e�h�\�u�o�� �d�h�w�n�n�b�p�b�_�g�l�h�\��
�e�h�]�Z�j�b�n�f�b�q�_�k�d�h�c���a�Z�\�b�k�b�f�h�k�l�b��a �d���a�Z�j�y�^�m��

�Z�g�Z�e�b�l�Z�� ���l�Z�[�e���� �������� �L�Z�d�b�f�� �h�[�j�Z�a�h�f���� �k�� �m�\�_��
�e�b�q�_�g�b�_�f�� ���m�f�_�g�v�r�_�g�b�_�f���� �d�h�g�p�_�g�l�j�Z�p�b�b��
�h�`�b�^�Z�_�l�k�y���h�[�s�_�_���k�g�b�`�_�g�b�_�����i�h�\�u�r�_�g�b�_����
�\�j�_�f�_�g�� �m�^�_�j�`�b�\�Z�g�b�y�� �[�_�a�� �b�a�f�_�g�_�g�b�y�� �k�_��
�e�_�d�l�b�\�g�h�k�l�b���j�Z�a�^�_�e�_�g�b�y���d�b�k�e�h�l�� 

�<�u�[�h�j���m�k�e�h�\�b�c���j�Z�a�^�_�e�_�g�b�y�� �G�Z���h�k�g�h�\�Z��
�g�b�b�� �j�_�a�m�e�v�l�Z�l�h�\�� �g�_�a�Z�\�b�k�b�f�h�]�h�� �\�Z�j�v�b�j�h��
�\�Z�g�b�y�� �S�+�� �b�� �d�h�g�p�_�g�l�j�Z�p�b�b�� �w�e�x�b�j�m�x�s�_�]�h��
�b�h�g�Z�� �\�� �i�h�^�\�b�`�g�h�c�� �n�Z�a�_���� �f�h�`�g�h�� �h�i�j�_�^�_��
�e�b�l�v�� �m�k�e�h�\�b�y�� �i�h�e�g�h�]�h�� �j�Z�a�^�_�e�_�g�b�y�� �k�f�_�k�b��
�b�h�g�b�a�b�j�m�_�f�u�o���k�h�_�^�b�g�_�g�b�c���\���k�f�_�r�Z�g�g�h�f��
�j�_�`�b�f�_�� �<�W�@�O���� �>�e�y�� �l�h�]�h���� �q�l�h�[�u�� �j�Z�a�^�_��
�e�b�l�v���d�b�k�e�h�l�u���j�Z�a�g�h�c���k�b�e�u�����g�m�`�g�h���b�f�_�l�v��
�\�� �\�b�^�m���i�j�h�n�b�e�v���a�Z�\�b�k�b�f�h�k�l�b���b�o���m�^�_�j�`�b��
�\�Z�g�b�y�� �h�l�� �j�G���� �Z�� �b�f�_�g�g�h�� �d�m�i�h�e�h�h�[�j�Z�a�g�m�x��
�d�j�b�\�m�x�����f�Z�d�k�b�f�m�f���d�h�l�h�j�h�c���h�i�j�_�^�_�e�y�_�l�k�y��
�\�_�e�b�q�b�g�h�c���L�-�Ô�ê

�æ  �Z�g�Z�e�b�l�Z���� �K�b�e�v�g�u�_�� �d�b�k��
�e�h�l�u���� �^�h�f�b�g�b�j�m�x�s�b�f�� �f�_�o�Z�g�b�a�f�h�f�� �^�e�y��
�d�h�l�h�j�u�o�� �y�\�e�y�_�l�k�y�� �b�h�g�g�u�c�� �h�[�f�_�g���� �f�h�]�m�l��
�[�u�l�v���j�Z�a�^�_�e�_�g�u���l�h�e�v�d�h���g�Z���h�k�g�h�\�_���k�i�_�p�b��
�n�b�q�_�k�d�b�o�� �\�a�Z�b�f�h�^�_�c�k�l�\�b�c�� �k�� �k�h�j�[�_�g�l�h�f��
���]�b�^�j�h�n�h�[�g�h�k�l�v���6�3�6�6���b���6�3�7�6�������M�k�e�h�\�b�_�f��
�g�Z�b�e�m�q�r�_�]�h�� �j�Z�a�^�_�e�_�g�b�y�� �[�e�b�a�d�b�o�� �i�h�� �k�b�e�_��
�d�b�k�e�h�l �y�\�e�y�_�l�k�y�� �k�h�a�^�Z�g�b�_�� �\�� �i�h�^�\�b�`�g�h�c��
�n�Z�a�_�� �S�+� �S�.�D�� ���L�*�ê

�ê � ���������� �^�e�y�� �g�b�l�j�h�[�_�g��
�a�h�c�g�u�o���d�b�k�e�h�l������ �G�Z�b�[�h�e�_�_�� �i�h�e�g�h�_�� �j�Z�a�^�_��
�e�_�g�b�_���k�f�_�k�b���Z�e�d�b�e-�����Z�e�d�h�d�k�b- �b���Z�f�b�g�h�[�_�g��
�a�h�c�g�u�o�� �d�b�k�e�h�l�� �^�h�k�l�b�]�Z�_�l�k�y�� �i�j�b���L�*�ê

�ê = 

�L�Z�[�e�b�p�Z���������B�a�f�_�g�_�g�b�_���\�d�e�Z�^�Z���b�h�g�g�h�]�h���h�[�f�_�g�Z���\���m�^�_�j�`�b�\�Z�g�b�_���\���a�Z�\�b�k�b�f�h�k�l�b���h�l���d�h�g�p�_�g�l�j�Z��
�p�b�b���w�e�x�b�j�m�x�s�_�]�h���b�h�g�Z���^�e�y���l�_�k�l�h�\�u�o���Z�g�Z�e�b�l�h�\���i�j�b���’���u

�u  = 5.76, �’���u
�æ  � �� �����������>�K�+3COO�í] = 

�����������������������������������������f�F�����H�k�l�Z�e�v�g�u�_ �m�k�e�h�\�b�y �m�d�Z�a�Z�g�u �\ �i�h�^�i�b�k�b �d �j�b�k. 2, �l�Z�[�e.1. 
�7�D�E�O�H���������5�H�O�D�W�L�Y�H���L�R�Q���H�[�F�K�D�Q�J�H���L�P�S�D�F�W�V���L�Q���W�H�V�W���D�Q�D�O�\�W�H�V�¶���U�H�W�H�Q�W�L�R�Q���D�W���Y�D�U�L�H�G���F�R�X�Q�W�H�U���L�R�Q���F�R�Q�F�H�Q�W�U�D��
tion at �’���u

�u  = 5.76, �’���u
�æ  = 9.2; [HCOO�í] = 2.5; 5.0; 7.5; 10.0 �f�F . Other conditions are listed in 

Fig. 2 and Table 1. 
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���������� �k�� �w�n�n�_�d�l�b�\�g�h�k�l�v�x�� �^�h�� ���� �������� �l�l���f��
(�j�b�k�������Z).  

�I�j�b���j�G��< pKa �f�h�`�g�h���m�e�m�q�r�Z�l�v���j�Z�a�j�_��
�r�_�g�b�_���a�Z���k�q�_�l���b�a�f�_�g�_�g�b�y���\�d�e�Z�^�Z���b�h�g�g�h�]�h��
�h�[�f�_�g�Z�� �i�m�l�_�f�� �\�Z�j�v�b�j�h�\�Z�g�b�y�� �d�h�g�p�_�g�l�j�Z��
�p�b�b�� �w�e�x�b�j�m�x�s�_�]�h�� �b�h�g�Z�� �\�� �i�h�^�\�b�`�g�h�c��
�n�Z�a�_�����L�Z�d�����i�j�b���L�*�ê

�ê  �����������^�\�m�d�j�Z�l�g�h�_���m�\�_��
�e�b�q�_�g�b�_�� �d�h�g�p�_�g�l�j�Z�p�b�b�� �n�h�j�f�b�Z�l�Z�� �\��
�w�e�x�_�g�l�_�� �i�j�b�\�h�^�b�l�� �d�� �i�h�\�u�r�_�g�b�x�� �k�_�e�_�d��
�l�b�\�g�h�k�l�b�� �b�� �i�h�a�\�h�e�y�_�l�� �j�Z�a�^�_�e�b�l�v�� �k�f�_�k�v 
���� �Z�g�Z�e�b�l�h�\�� �a�Z������ �f�b�g�����j�b�k���� ���[������ �I�j�b���w�l�h�f����
�a�Z���k�q�_�l���h�k�e�Z�[�e�_�g�b�y���b�h�g�g�h�]�h���h�[�f�_�g�Z���l�Z�d�`�_��
�i�h�\�u�r�Z�_�l�k�y���w�n�n�_�d�l�b�\�g�h�k�l�v���± �\�i�e�h�l�v���^�h������
�j�Z�a���^�e�y���g�_�d�h�l�h�j�u�o���\�_�s�_�k�l�\�����I�j�b���\�_�e�b�q�b��
�g�Z�o��pH�����i�j�_�\�u�r�Z�x�s�b�o���S�.�D���[�h�e�v�r�b�g�k�l�\�Z��
�d�b�k�e�h�l���� �b�h�g�g�u�c�� �h�[�f�_�g�� �k�l�Z�g�h�\�b�l�k�y�� �^�h�f�b��
�g�b�j�m�x�s�b�f���� �b�� �j�Z�a�j�_�r�_�g�b�_�� �m�o�m�^�r�Z�_�l�k�y����

�L�Z�d�b�f���h�[�j�Z�a�h�f�����i�j�b���L�*�ê
�ê  �����������a�Z���k�q�_�l���i�j�_��

�h�[�e�Z�^�Z�g�b�y�� �b�h�g�g�h�]�h�� �h�[�f�_�g�Z�� �\�� �m�^�_�j�`�b�\�Z��
�g�b�b�� �b�h�g�b�a�b�j�h�\�Z�g�g�u�o�� �Z�g�Z�e�b�l�h�\�� �j�Z�a�^�_�e�_��
�g�b�y�� �g�_�� �i�j�h�b�k�o�h�^�b�l���� �Z�� �\�Z�j�v�b�j�h�\�Z�g�b�_�� �d�h�g��
�p�_�g�l�j�Z�p�b�b�� �j�Z�\�g�h�a�g�Z�q�g�h�� �b�a�f�_�g�y�_�l�� �n�Z�d��
�l�h�j�u���m�^�_�j�`�b�\�Z�g�b�y�����g�_���\�e�b�y�y���g�Z���k�_�e�_�d�l�b�\��
�g�h�k�l�v�����j�b�k�������\). 

�A�Z�d�e�x�q�_�g�b�_ 

�I�j�h�\�_�^�_�g�h�� �h�i�b�k�Z�g�b�_�� �b�h�g�h�h�[�f�_�g�g�u�o��
�k�\�h�c�k�l�\���g�h�\�h�c���f�g�h�]�h�n�m�g�d�p�b�h�g�Z�e�v�g�h�c���d�h��
�e�h�g�d�b�� �g�Z�� �h�k�g�h�\�_�� �I�K-�>�<�;�� �\�� �j�_�`�b�f�_�� �]�b�^��
�j�h�n�b�e�v�g�h�c�� �o�j�h�f�Z�l�h�]�j�Z�n�b�b���� �I�j�h�^�_�f�h�g��
�k�l�j�b�j�h�\�Z�g�h�� �k�g�b�`�_�g�b�_�� �Z�g�b�h�g�h�h�[�f�_�g�g�h�c��
�_�f�d�h�k�l�b�� �\�k�e�_�^�k�l�\�b�_�� �g�Z�e�b�q�b�y�� �\�� �n�m�g�d�p�b�h��
�g�Z�e�v�g�h�f�� �k�e�h�_�� �k�h�j�[�_�g�l�Z�� �Z�f�b�g�h�]�j�m�i�i�� �j�Z�a��
�g�h�c���k�l�_�i�_�g�b���a�Z�f�_�s�_�g�g�h�k�l�b�����A�Z���k�q�z�l���\�u�k�h��

 

 
�J�b�k�����������O�j�h�f�Z�l�h�]�j�Z�f�f�u���f�h�^�_�e�v�g�u�o���k�f�_�k�_�c���[�_�g�a�h�c�g�u�o���d�b�k�e�h�l����100 ppm. �:�� �’���u

�u  = 5.76; 
4.26 ( �’���u

�q  = 9.2; 7.6); [HCOO�>] = ���������f�F �;���� �’���u
�u  = 2.85 ( �’���u

�q  = 5.5); [HCOO�>�@��� �������������������������<�� 
�’���u

�u  = 5.76 ( �’���u
�q  = 9.2); [HCOO�>] = �����������������������f�F�����������h�[������CH3CN;�L���d�h�e�h�g�d�b����� ���������K�£; 

�k�d�h�j�h�k�l�v���i�h�l�h�d�Z�������k�f3���f�b�g�����M�N-�^�_�l�_�d�l�b�j�h�\�Z�g�b�_���i�j�b�����������g�f�� 
Fig. 3. Model mixtures of benzoic acids chromatograms, 100 ppm. �: ) �’���u

�u  = 5.76; 4.26 ( �’���u
�q  

= 9.2; 7.6); [HCOO�>] = 2.5 �f�F  �;) �’���u
�u  = 2.85 ( �’���u

�q  = 5.5); [HCOO�>] = 1.25; 2.5; �<) �’���u
�u  = 5.76 

( �’���u
�q  = 9.2); [HCOO�>] = 5; 7.5; 10 �f�F ; 90 vol. % CH3CN; T(column) = 25 C°; flow rate 

1 ml/min, UV detection at 254 nm. 
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�d�h�c���Z�g�b�h�g�h�h�[�f�_�g�g�h�c���_�f�d�h�k�l�b�����\�d�e�Z�^���b�h�g��
�g�h�]�h�� �h�[�f�_�g�Z�� �\�� �m�^�_�j�`�b�\�Z�g�b�_�� �k�h�_�^�b�g�_�g�b�c��
�g�Z�� �^�Z�g�g�h�c�� �d�h�e�h�g�d�_�� �\�� �h�k�g�h�\�g�h�f�� �h�i�j�_�^�_��
�e�y�e�k�y�� �k�h�k�l�h�y�g�b�_�f�� �Z�g�Z�e�b�l�Z���� �d�h�l�h�j�h�_�� �\��
�k�\�h�x�� �h�q�_�j�_�^�v�� �a�Z�\�b�k�b�l�� �h�l��pH �i�h�^�\�b�`�g�h�c��
�n�Z�a�u�� �b�� �\�_�e�b�q�b�g�u���’ �-�Ô�u

�æ  �h�i�j�_�^�_�e�y�_�f�h�]�h��
�k�h�_�^�b�g�_�g�b�y�����G�Z�b�e�m�q�r�Z�y�� �k�_�e�_�d�l�b�\�g�h�k�l�v��
�j�Z�a�^�_�e�_�g�b�y�� �^�e�y�� �\�k�_�o�� �d�b�k�e�h�l�� �^�h�k�l�b�]�Z�e�Z�k�v��
�i�j�b�� �j�G
QpKa. �I�j�b�� �’���u

�u  ���������� �d�b�k�e�h�l�u�� �k��
�’ �-�Ô�u

�u �������i�j�_�b�f�m�s�_�k�l�\�_�g�g�h���m�^�_�j�`�b�\�Z�e�b�k�v��
�i�h���b�h�g�h�h�[�f�_�g�g�h�f�m���f�_�o�Z�g�b�a�f�m�����\���l�h���\�j�_�f�y��
�d�Z�d���^�e�y���d�b�k�e�h�l���k���’ �-�Ô�u

�u
 �!�����\�d�e�Z�^���b�h�g�g�h�]�h��

�h�[�f�_�g�Z���k�m�s�_�k�l�\�_�g�g�h���k�g�b�`�Z�e�k�y���i�j�b���i�h�\�u��
�r�_�g�b�b���d�h�g�p�_�g�l�j�Z�p�b�b���w�e�x�b�j�m�x�s�_�]�h���b�h�g�Z��
(90-�����������I�j�b���’���u

�u  �����������i�h�d�Z�a�Z�g�h���^�h�f�b�g�b��
�j�m�x�s�_�_�� �\�e�b�y�g�b�_�� �b�h�g�g�h�]�h�� �h�[�f�_�g�Z�� �^�e�y��
�h�[�_�b�o�� �]�j�m�i�i�����I�h�e�m�q�_�g�g�u�_�� �a�Z�d�h�g�h�f�_�j�g�h��
�k�l�b���i�h�a�\�h�e�b�e�b���\�u�[�j�Z�l�v���g�Z�b�e�m�q�r�b�_���m�k�e�h��
�\�b�y���j�Z�a�^�_�e�_�g�b�y���d�b�k�e�h�l�g�u�o���b���g�_�c�l�j�Z�e�v�g�u�o��
�k�h�_�^�b�g�_�g�b�c���j�Z�a�g�h�c���]�b�^�j�h�n�b�e�v�g�h�k�l�b���k���w�n��
�n�_�d�l�b�\�g�h�k�l�v�x���^�h�����������������l�l���f�����^�e�y���d�b�k�e�h�l��

�k�� �’ �-�Ô�u
�u �!���� �í�� �w�e�x�_�g�l�� �k���’���u

�u  2.85; 4.26, 
[HCOO�>�@� �������� �f�0�� �\�� �I�N���� �^�e�y�� �d�b�k�e�h�l�� �k��

�’ �-�Ô�u
�u <4 �> �w�e�x�_�g�l�� �k���’���u

�u  ���������� �b��
[HCOO�>]=2.5-�����f�0, �\���h�[�h�b�o���k�e�m�q�Z�y�o���\���k�h��
�h�l�g�h�r�_�g�b�b ������������ �h�[�������k���Z�p�_�l�h�g�b�l�j�b�e�h�f����
�L�Z�d�b�f���h�[�j�Z�a�h�f�����i�m�l�_�f���]�j�Z�f�h�l�g�h�]�h���\�Z�j�v�b��
�j�h�\�Z�g�b�y�� �\�e�b�y�x�s�b�o�� �i�Z�j�Z�f�_�l�j�h�\�� �i�h�^�\�b�`��
�g�h�c���n�Z�a�u���f�h�`�g�h���^�h�[�b�l�v�k�y���w�n�n�_�d�l�b�\�g�h�]�h��
�j�Z�a�^�_�e�_�g�b�y�� �b�h�g�b�a�b�j�m�_�f�u�� �k�h�_�^�b�g�_�g�b�c�� �\��
�b�a�h�d�j�Z�l�b�q�_�k�d�h�f�� �]�b�^�j�h�n�b�e�v�g�h�f�� �j�_�`�b�f�_��
�[�_�a�� �i�j�b�\�e�_�q�_�g�b�y�� �h�[�h�j�m�^�h�\�Z�g�b�y�� �^�e�y�� �b�h�g��
�g�h�c���o�j�h�f�Z�l�h�]�j�Z�n�b�b�� 

�D�h�g�n�e�b�d�l���b�g�l�_�j�_�k�h�\�� 

�:�\�l�h�j�u�� �a�Z�y�\�e�y�x�l���� �q�l�h�� �m�� �g�b�o�� �g�_�l�� �b�a��
�\�_�k�l�g�u�o���n�b�g�Z�g�k�h�\�u�o���d�h�g�n�e�b�d�l�h�\���b�g�l�_�j�_��
�k�h�\�� �b�e�b�� �e�b�q�g�u�o�� �h�l�g�h�r�_�g�b�c���� �d�h�l�h�j�u�_��
�f�h�]�e�b�� �[�u�� �i�h�\�e�b�y�l�v�� �g�Z�� �j�Z�[�h�l�m���� �i�j�_�^�k�l�Z�\��
�e�_�g�g�m�x���\���w�l�h�c���k�l�Z�l�v�_�� 
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Retention trends for inorganic ions on aminated silica and poly(styrene-
divinylbenzene)-based stationary phases in acetonitrile-rich mobile phases 
 
Mariia A. Smagina, Anna O. Khrisanfova, Elizaveta D. Ivanova, 
Elina A. Karinskaia , Mikhail A. Statkus, Oleg A. Shpigun, Alla V. Chernobrovkina �.  
Lomonosov Moscow State University, Moscow, Russian Federation, chernobrovkina@analyt.chem.msu.ru�.  
 
Abstract. In this work, we studied the retention trends for seven inorganic ions (NO3

-, Cl-, K+, Na+, Li+, Mg2+, 
Ca2+) on four polar stationary phases based on silica and poly(styrene-divinylbenzene) containing amino 
groups of various substitution degree. Mobile phases contained more than 80 vol.% of acetonitrile. A volatile 
ammonium acetate buffer solution pH 4.7 was added in the eluent to ensure a constant ionization state of the 
adsorbent groups and allowed us to use an evaporative light scattering detector. Columns possessed an anion 
�H�[�F�K�D�Q�J�H���F�D�S�D�F�L�W�\���I�U�R�P���������W�R�����������P�R�O���S�H�U�������F�P3 of the column. The elution order of both anions and cations 
was the same for all the stationary phases and opposite to the one typical for ion chromatography. As expected, 
an increase in the buffer solution concentration led to a decreased retention of anions and increased one for 
cations. Increasing acetonitrile content in the eluent resulted in increased retention factors for cations, but de-
creased one for nitrate and a U-shaped retention curve for chloride. These patterns indicated that ion exchange 
is realized for nitrate and chloride along with adsorption and partitioning to the surface water layer of adsorbent. 
Significant retention factors of cations resulted from partitioning and complexation of alkaline earth cations 
with nitrogen- and oxygen-containing groups of adsorbents despite electrostatic repulsion from protonated 
amino groups. Guided by the established patterns, it is possible to select the conditions for simultaneous sepa-
ration of inorganic ions even on anion exchangers with a capacity of a�E�R�X�W�� ������ ���P�R�O������ �F�P3 of the column 
accounting for the influence of hydrophilicity, anion-exchange capacity, and complexing properties of station-
�D�U�\���S�K�D�V�H�V���R�Q���L�R�Q�¶�V���U�H�W�H�Q�W�L�R�Q�� 
Keywords: hydrophilic interaction liquid chromatography, inorganic ions, ion exchange, electrostatic interac-
tions, partitioning. 
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�<�\�_�^�_�g�b�_ 

�H�i�j�_�^�_�e�_�g�b�_�� �b�h�g�h�\�� �\�� �j�Z�a�e�b�q�g�u�o�� �j�_��
�Z�e�v�g�u�o�� �h�[�t�_�d�l�Z�o�� �q�Z�s�_�� �\�k�_�]�h�� �i�j�h�\�h�^�y�l�� �\��
�\�h�^�g�h�c�� �k�j�_�^�_�� �f�_�l�h�^�h�f�� �b�h�g�g�h�c �o�j�h�f�Z�l�h��
�]�j�Z�n�b�b (�B�O����[1]�����H�^�g�h�\�j�_�f�_�g�g�h�_���j�Z�a�^�_�e�_��
�g�b�_���d�Z�l�b�h�g�h�\���b���Z�g�b�h�g�h�\���l�j�_�[�m�_�l�� �b�k�i�h�e�v��
�a�h�\�Z�g�b�y���k�i�_�p�b�Z�e�v�g�u�o���f�Z�l�_�j�b�Z�e�h�\���b���i�j�b�z��
�f�h�\ [2]���� �g�Z�i�j�b�f�_�j���� �g�_�i�h�^�\�b�`�g�u�o�� �n�Z�a����
�b�f�_�x�s�b�o���\���k�l�j�m�d�l�m�j�_���d�Z�d���i�h�e�h�`�b�l�_�e�v�g�h����
�l�Z�d�� �b�� �h�l�j�b�p�Z�l�_�e�v�g�h�� �a�Z�j�y�`�_�g�g�u�_�� �b�h�g�h�h�[��
�f�_�g�g�u�_�� �p�_�g�l�j�u [3]���� �b�e�b�� �\�\�_�^�_�g�b�y�� �\��

�w�e�x�_�g�l�� �e�b�]�Z�g�^�h�\�� �^�e�y�� �k�\�y�a�u�\�Z�g�b�y�� �d�Z�l�b�h��
�g�h�\���\���d�h�f�i�e�_�d�k�g�u�_���q�Z�k�l�b�p�u�����m�^�_�j�`�b�\�Z�x��
�s�b�_�k�y���g�Z���Z�g�b�h�g�h�h�[�f�_�g�g�b�d�Z�o [4].  

�:�e�v�l�_�j�g�Z�l�b�\�g�u�f�� �k�i�h�k�h�[�h�f�� �y�\�e�y�_�l�k�y��
�b�k�i�h�e�v�a�h�\�Z�g�b�_�� �\�� �d�Z�q�_�k�l�\�_�� �i�h�^�\�b�`�g�h�c��
�n�Z�a�u���k�f�_�k�b���\�h�^�u���k���\�u�k�h�d�b�f���k�h�^�_�j�`�Z�g�b�_�f 
�Z�p�_�l�h�g�b�l�j�b�e�Z���� �<�� �l�Z�d�h�f�� �k�e�m�q�Z�_�� �j�_�Z�e�b�a�m��
�_�l�k�y�� �j�_�`�b�f�� �]�b�^�j�h�n�b�e�v�g�h�c�� �o�j�h�f�Z�l�h�]�j�Z��
�n�b�b�� ���=�B�O������ �d�e�x�q�_�\�h�c�� �h�k�h�[�_�g�g�h�k�l�v�x�� �d�h��
�l�h�j�h�]�h�� �y�\�e�y�_�l�k�y�� �i�j�h�y�\�e�_�g�b�_�� �^�h�i�h�e�g�b��
�l�_�e�v�g�h�]�h�� �f�_�o�Z�g�b�a�f�Z�� �m�^�_�j�`�b�\�Z�g�b�y���± �j�Z�k��
�i�j�_�^�_�e�_�g�b�y�� �f�_�`�^�m�� �w�e�x�_�g�l�h�f�� �b�� �k�e�h�_�f��
�\�h�^�u�����Z�^�k�h�j�[�b�j�h�\�Z�g�g�u�f���g�Z���i�h�e�y�j�g�h�c���i�h��
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�\�_�j�o�g�h�k�l�b���k�h�j�[�_�g�l�Z���� �b�f�_�x�s�_�]�h���a�Z�j�y�`�_�g��
�g�u�_�� �]�j�m�i�i�u���� �<�� �^�Z�g�g�u�o�� �m�k�e�h�\�b�y�o�� �h�l�f�_��
�q�Z�x�l���m�^�_�j�`�b�\�Z�g�b�_���j�Z�a�g�h�b�f�_�g�g�h���a�Z�j�y�`�_�g��
�g�u�o�� �Z�g�Z�e�b�l�h�\�� �g�_�� �l�h�e�v�d�h�� �g�Z�� �k�h�j�[�_�g�l�Z�o �k��
�i�j�b�\�b�l�u�f�b�� �p�\�b�l�l�_�j-�b�h�g�g�u�f�b�� �n�m�g�d�p�b�h��
�g�Z�e�v�g�u�f�b�� �]�j�m�i�i�Z�f�b��[5-7]���� �g�h�� �b�� �k�� �]�j�m�i��
�i�Z�f�b�� �h�^�g�h�]�h�� �l�b�i�Z�� ���d�b�k�e�h�l�g�u�f�b�� �b�e�b�� �h�k��
�g�h�\�g�u�f�b�������<���i�h�k�e�_�^�g�_�f���k�e�m�q�Z�_���m�^�_�j�`�b�\�Z��
�g�b�_�� �b�h�g�Z�� �g�Z�� �g�_�i�h�^�\�b�`�g�h�c�� �n�Z�a�_�� �k�� �h�^�g�h��
�b�f�_�g�g�u�f���a�Z�j�y�^�h�f���i�j�h�b�k�o�h�^�b�l���a�Z���k�q�z�l���f�_��
�o�Z�g�b�a�f�Z�� �j�Z�k�i�j�_�^�_�e�_�g�b�y���� �g�_�k�f�h�l�j�y�� �g�Z��
�w�e�_�d�l�j�h�k�l�Z�l�b�q�_�k�d�h�_�� �h�l�l�Z�e�d�b�\�Z�g�b�_ [8]���� �<��
�[�h�e�v�r�b�g�k�l�\�_�� �j�Z�[�h�l�� �Z�\�l�h�j�u�� �g�Z�[�e�x�^�Z�e�b 
�^�Z�g�g�u�c�� �w�n�n�_�d�l�� �^�e�y�� �\�u�k�h�d�h�]�b�^�j�h�n�b�e�v��
�g�u�o���h�j�]�Z�g�b�q�_�k�d�b�o���b�h�g�h�\���� �d�b�k�e�h�l���b���h�k�g�h��
�\�Z�g�b�c���� �g�Z�i�j�b�f�_�j���� �i�_�i�l�b�^�h�\��[8], �l�b�Z�f�b�g�Z��
[9]���� �g�b�d�h�l�b�g�h�\�h�c���b���Z�k�d�h�j�[�b�g�h�\�h�c���d�b�k�e�h�l 
[9]���� �[�_�g�a�h�c�g�h�c�� �d�b�k�e�h�l�u�� �b�� �d�k�Z�g�l�b�g�Z��[10]. 
�I�h�k�d�h�e�v�d�m�� �b�g�n�h�j�f�Z�p�b�y�� �h�[�� �m�^�_�j�`�b�\�Z�g�b�b��
�g�_�h�j�]�Z�g�b�q�_�k�d�b�o�� �d�Z�l�b�h�g�h�\�� �b�� �Z�g�b�h�g�h�\�� �g�Z��
�h�k�g�h�\�g�u�o���g�_�i�h�^�\�b�`�g�u�o���n�Z�a�Z�o�����h�[�_�k�i�_�q�b��
�\�Z�x�s�b�o�� �\�u�k�h�d�b�_�� �n�Z�d�l�h�j�u�� �m�^�_�j�`�b�\�Z�g�b�y��
�f�g�h�]�b�o���i�h�e�y�j�g�u�o���g�_�c�l�j�Z�e�v�g�u�o���Z�g�Z�e�b�l�h�\��
[11]�����i�j�Z�d�l�b�q�_�k�d�b���g�_���i�j�_�^�k�l�Z�\�e�_�g�Z�����l�h���p�_��
�e�v�x���^�Z�g�g�h�c���j�Z�[�h�l�u �y�\�e�y�e�h�k�v���b�a�m�q�_�g�b�_���a�Z��
�d�h�g�h�f�_�j�g�h�k�l�_�c�� �m�^�_�j�`�b�\�Z�g�b�y�� �b�h�g�h�\�� �g�Z��
�Z�f�b�g�b�j�h�\�Z�g�g�u�o�� �k�h�j�[�_�g�l�Z�o�� �g�Z�� �h�k�g�h�\�_�� �k�b��
�e�b�d�Z�]�_�e�y�� �b�� �i�h�e�b�k�l�b�j�h�e-�^�b�\�b�g�b�e�[�_�g�a�h�e�Z����
�I�h�l�_�g�p�b�Z�e�v�g�Z�y�� �\�h�a�f�h�`�g�h�k�l�v�� �h�^�g�h�\�j�_��
�f�_�g�g�h�]�h���j�Z�a�^�_�e�_�g�b�y���b�h�g�h�\���j�Z�a�g�h�]�h���a�g�Z�d�Z��
�a�Z�j�y�^�Z�� �b�� �g�_�c�l�j�Z�e�v�g�u�o�� �k�h�_�^�b�g�_�g�b�c�� �i�j�b��
�\�e�_�d�Z�l�_�e�v�g�Z���^�e�y���j�_�r�_�g�b�y���k�e�h�`�g�u�o���Z�g�Z�e�b��
�l�b�q�_�k�d�b�o�� �a�Z�^�Z�q���� �k�\�y�a�Z�g�g�u�o�� �k�� �Z�g�Z�e�b�a�h�f��
�k�f�_�k�_�c�� �b�a�� �d�h�f�i�h�g�_�g�l�h�\�� �h�j�]�Z�g�b�q�_�k�d�h�c�� �b��
�g�_�h�j�]�Z�g�b�q�_�k�d�h�c�� �i�j�b�j�h�^�u���� �l�Z�d�b�o�� �d�Z�d��
�n�Z�j�f�i�j�_�i�Z�j�Z�l�u [5,7,12,13]. 

�W�d�k�i�_�j�b�f�_�g�l�Z�e�v�g�Z�y���q�Z�k�l�v 

�H�[�h�j�m�^�h�\�Z�g�b�_ �b�� �j�_�Z�d�l�b�\�u. �@�b�^�d�h�k�l��
�g�h�c�� �o�j�h�f�Z�l�h�]�j�Z�n�� �6�K�L�P�D�G�]�X�� �3�U�R�P�L�Q�H�Q�F�H 
�k�h�k�l�h�y�e���b�a���k�e�_�^�m�x�s�b�o���[�e�h�d�h�\�����g�Z�k�h�k�Z���\�u��
�k�h�d�h�]�h�� �^�Z�\�e�_�g�b�y�� �/�&-�����$�'�� �k�� �q�_�l�u�j�_�o�d�Z��
�g�Z�e�v�g�u�f�� �]�j�Z�^�b�_�g�l�g�u�f�� �k�f�_�k�b�l�_�e�_�f�� �g�Z��
�k�l�h�j�h�g�_�� �g�b�a�d�h�]�h�� �^�Z�\�e�_�g�b�y���� �^�_�]�Z�a�Z�l�h�j�Z��
DGU-�����$���5���� �m�i�j�Z�\�e�y�x�s�_�]�h�� �f�h�^�m�e�y��
�&�%�0�� �����$���� �j�m�q�g�h�]�h�� �b�g�`�_�d�l�h�j�Z�� �5�K�H�R�G�\�Q�H��
���������L���� �^�_�l�_�d�l�h�j�Z�� �i�h�� �k�\�_�l�h�j�Z�k�k�_�y�g�b�x�� ������
ELSD-L�7�� �,�,���� �K�`�Z�l�u�c�� �\�h�a�^�m�o�� �^�e�y�� �^�_�l�_�d��
�l�h�j�Z�� �i�h�e�m�q�Z�e�b�� �k�� �i�h�f�h�s�v�x�� �d�h�f�i�j�_�k�k�h�j�Z��

Jun-Air OF302-�����%���� �>�Z�\�e�_�g�b�_�� �k�`�Z�l�h�]�h��
�\�h�a�^�m�o�Z�� �^�e�y�� �^�_�l�_�d�l�h�j�Z�� �k�h�k�l�Z�\�e�y�e�h�� ��������
�d�I�Z���� �L�_�f�i�_�j�Z�l�m�j�m �g�Z�]�j�_�\�Z�� �b�k�i�Z�j�b�l�_�e�y���b 
�m�k�b�e�_�g�b�_���^�_�l�_�d�l�h�j�Z���\�u�[�b�j�Z�e�b�����b�k�o�h�^�y���b�a��
�\�u�k�h�l�u�� �i�b�d�h�\�� �g�Z�� �o�j�h�f�Z�l�h�]�j�Z�f�f�_�� �\�� �o�h�^�_��
�w�d�k�i�_�j�b�f�_�g�l�Z���� �H�[�t�_�f�� �i�j�h�[�u���± ������ �f�d�e�� 
�O�j�h�f�Z�l�h�]�j�Z�f�f�u���j�_�]�b�k�l�j�b�j�h�\�Z�e�b���k���i�h�f�h��
�s�v�x�� �i�_�j�k�h�g�Z�e�v�g�h�]�h�� �d�h�f�i�v�x�l�_�j�Z�� �b�� �i�j�h��
�]�j�Z�f�f�g�h�]�h�� �i�Z�d�_�l�Z��LabSolutions 
(Shimadzu���� �Y�i�h�g�b�y�������K�b�k�l�_�f�Z�� �=�;-�F�K��
Agilent GC (8890)-MS (5977B) (Agilent 
�7�H�F�K�Q�R�O�R�J�L�H�V���� �K�R�:��, �k�h�k�l�h�y�s�Z�y �b�a�� �f�h��
�g�h�d�\�Z�^�j�m�i�h�e�v�g�h�]�h���F�K���^�_�l�_�d�l�h�j�Z���k���b�k�l�h�q��
�g�b�d�h�f�� �w�e�_�d�l�j�h�g�g�h�c�� �b�h�g�b�a�Z�p�b�b���� �l�_�j�f�h��
�k�l�Z�l�Z�� �d�h�e�h�g�d�b���� �h�o�e�Z�`�^�Z�_�f�h�]�h�� �m�a�e�Z�� �\�\�h�^�Z��
�i�j�h�[�u���� �l�_�j�f�h�^�_�k�h�j�[�_�j�Z�� ���7�'�8�� ������ �b�� �Z�\�l�h��
�f�Z�l�b�q�_�k�d�h�c�� �j�h�[�h�l�b�a�b�j�h�\�Z�g�g�h�c�� �k�b�k�l�_�f�u��
�\�\�h�^�Z���i�j�h�[�u�� ���*�H�U�V�W�H�O���� �=�_�j�f�Z�g�b�y���� �b�� �e�b�g�b�b��
�i�h�^�Z�q�b�� �]�Z�a�h�\�� ���+�H���� �����k�f3���f�b�g������ �h�k�g�Z�s�_�g�g�Z�y��
�^�\�m�f�y�� �k�h�_�^�b�g�_�g�g�u�f�b�� �i�h�k�e�_�^�h�\�Z�l�_�e�v�g�h�� �d�h��
�e�h�g�d�Z�f�b�� �+�3-5MS 15 �f × 0.25 �f�f���� �������� �f�d�f��
���$�J�L�O�H�Q�W���7�H�F�K�Q�R�O�R�J�L�H�V���� �K�R�:������ �k�l�_�d�e�y�g�g�u�f�b��
�l�_�j�f�h�^�_�k�h�j�[�p�b�h�g�g�u�f�b�� �l�j�m�[�d�Z�f�b�� ������ �î�� ��������
�k�f���� �k�� �d�\�Z�j�p�_�\�h�c�� �k�l�_�d�e�h�\�Z�l�h�c�� �Q�>�:��
���7�5�$�-�$�1���� �:�\�k�l�j�Z�e�b�y���� �b�k�i�h�e�v�a�h�\�Z�e�Z�k�v�� �^�e�y��
�d�h�g�l�j�h�e�y�� �k�b�g�l�_�a�Z�� �b�� �o�Z�j�Z�d�l�_�j�b�a�Z�p�b�b�� �k�l�j�m�d��
�l�m�j�u���g�_�i�h�^�\�b�`�g�u�o���n�Z�a�� 

�>�e�y�� �h�l�[�h�j�Z�� �l�h�q�g�h�c�� �Z�e�b�d�\�h�l�u�� �b�k�i�h�e�v��
�a�h�\�Z�e�b�� �Z�\�l�h�f�Z�l�b�q�_�k�d�b�_�� �^�h�a�Z�l�h�j�u��
�/�$�%�0�$�7�(���h�[�t�_�f�h�f������-100, 20-200, 100-
���������� �b�� ��������-���������� �f�d�e�� �k�� �i�j�_�^�_�e�h�f�� �^�h�i�m��
�k�l�b�f�h�c���i�h�]�j�_�r�g�h�k�l�b���b�a�f�_�j�_�g�b�y���g�_���[�h�e�_�_��
�“������ ���©�+�7�/�ª���� �I�h�e�v�r�Z���� �<�a�y�l�b�_ �g�Z�\�_�k�h�d��
�i�j�h�\�h�^�b�e�b���g�Z���\�_�k�Z�o���(�[�S�O�R�U�H�U���3�U�R�����©�2�K�D�X�V��
�&�R�U�S�R�U�D�W�L�R�Q�ª���� �K�R�:������ �l�h�q�g�h�k�l�v�� �d�h�l�h�j�u�o��
�k�h�k�l�Z�\�e�y�e�Z����.�����������]�� �B�a�f�_�j�_�g�b�_���j�G���i�j�h�\�h��
�^�b�e�b�� �i�j�b�� �i�h�f�h�s�b�� �j�G-�f�_�l�j�Z�� �©�j�G-420» 
���©�:�d�\�b�e�h�g�ª�����J�h�k�k�b�y��, �d�Z�e�b�[�j�h�\�Z�g�g�h�]�h���i�h��
�l�j�_�f�� �k�l�Z�g�^�Z�j�l�g�u�f�� �\�h�^�g�u�f�� �j�Z�k�l�\�h�j�Z�f�� �k�h��
�a�g�Z�q�_�g�b�y�f�b�� �j�G��4.01, 6.86 �b 9.18. �>�e�y��
�h�q�b�k�l�d�b���\�h�^�u���b�k�i�h�e�v�a�h�\�Z�e�b���^�_�b�h�g�b�a�Z�l�h�j��
Milli -�4���(�O�L�[���0�L�O�O�L�S�R�U�H�����©�0�L�O�I�R�U�G�ª�����K�R�:���� 

�B�k�i�h�e�v�a�h�\�Z�e�b���k�e�_�^�m�x�s�b�_���j�_�Z�d�l�b�\�u�����l�h��
�e�m�h�e���� �o���q���� �Z�p�_�l�h�g�b�l�j�b�e�� �^�e�y�� �<�W�@�O�����©�D�h�f��
�i�h�g�_�g�l-�J�_�Z�d�l�b�\�ª���� �J�h�k�k�b�y������ �o�e�h�j�b�^�� �d�Z�e�b�y����
�!�����������o�e�h�j�b�^���g�Z�l�j�b�y�����!�����������&�'�+�����B�g�^�b�y������
�g�b�l�j�Z�l�� �g�Z�l�j�b�y���� �!�������� ���0�H�U�F�N���� �=�_�j�f�Z�g�b�y������
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�o�e�h�j�b�^���e�b�l�b�y�����!�����������Z�p�_�l�Z�l���f�Z�]�g�b�y����-�\�h�^��
�g�u�c���� �!���������� �o�e�h�j�b�^�� �d�Z�e�v�p�b�y���� �!�������� ���©�J�_��
�Z�o�b�f�ª�����J�h�k�k�b�y�������d�b�k�e�h�l�Z���m�d�k�m�k�g�Z�y���e�_�^�y�g�Z�y����
99.5% («�3�D�Q�U�H�D�F�ª���� �B�k�i�Z�g�b�y������ �Z�f�f�b�Z�d�� �\�h�^��
�g�u�c�����h�k���q�������©�K�b�]�f�Z���L�_�d�ª�����J�h�k�k�b�y���� 

�G�_�i�h�^�\�b�`�g�u�_�� �n�Z�a�u�� �K�l�j�m�d�l�m�j�Z�� �b�� �o�Z��
�j�Z�d�l�_�j�b�k�l�b�d�b�� �g�_�i�h�^�\�b�`�g�u�o�� �n�Z�a�� �g�Z�� �h�k��
�g�h�\�_�� �k�b�e�b�d�Z�]�_�e�y���b�� �i�h�e�b�k�l�b�j�h�e-�^�b�\�b��
�g�b�e�[�_�g�a�h�e�Z�� ���I�K-�>�<�;������ �b�k�i�h�e�v�a�m�_�f�u�o�� �\��
�j�Z�[�h�l�_�����i�j�_�^�k�l�Z�\�e�_�g�u���\���l�Z�[�e�� �������K�b�g�l�_�a���b��
�k�\�h�c�k�l�\�Z�� �k�h�j�[�_�g�l�h�\�� �K������ �I���� �b�� �I���� �[�u�e�b��
�h�i�b�k�Z�g�u���\���j�Z�[�h�l�Z�o��[14-16]�����K�����[�u�e���i�h�e�m��
�q�_�g�� �f�h�^�b�n�b�p�b�j�h�\�Z�g�b�_�f�� ��-�Z�f�b�g�h�i�j�h�i�b�e��
�k�b�e�b�d�Z�]�_�e�y�� �g�_�c�l�j�Z�e�v�g�u�f�b�� �n�m�g�d�p�b�h�g�Z�e�v��
�g�u�f�b�� �]�j�m�i�i�Z�f�b���� �i�j�h�y�\�e�_�g�b�_�� �Z�g�b�h�g�h�h�[��
�f�_�g�g�u�o���k�\�h�c�k�l�\���^�e�y���g�_�]�h���h�`�b�^�Z�e�b���a�Z���k�q�z�l��
�g�_�i�j�h�j�_�Z�]�b�j�h�\�Z�\�r�b�o�� �\�� �j�_�a�m�e�v�l�Z�l�_�� �k�b�g��
�l�_�a�Z�� �Z�f�b�g�h�]�j�m�i�i�����N�Z�d�l�h�j�u�� �m�^�_�j�`�b�\�Z�g�b�y��

�b�h�g�h�\���� �i�h�e�m�q�_�g�g�u�_�� �g�Z�� �Z�f�b�g�b�j�h�\�Z�g�g�u�o��
�g�_�i�h�^�\�b�`�g�u�o�� �n�Z�a�Z�o���� �k�j�Z�\�g�b�\�Z�e�b�� �k�� �l�Z�d�h��
�\�u�f�b���g�Z���k�b�e�b�d�Z�]�_�e�_�����f�Z�j�d�Z���.�U�R�P�D�V�L�O�����j�Z�a��
�f�_�j���q�Z�k�l�b�p�������f�d�f�����j�Z�a�f�_�j���i�h�j���������g�f�����j�Z�a��
�f�_�j���d�h�e�h�g�d�b���������î�����f�f���� 

�<���j�Z�[�h�l�_���i�h�^�^�_�j�`�b�\�Z�e�b���i�h�k�l�h�y�g�g�h�c���e�b��
�g�_�c�g�m�x�� �k�d�h�j�h�k�l�v�� �i�h�l�h�d�Z���� �j�Z�\�g�m�x��
19.6 �k�f���f�b�g���� �H�[�t�z�f�g�Z�y�� �k�d�h�j�h�k�l�v�� �i�h�l�h�d�Z��
�^�e�y�� �d�h�e�h�g�h�d�� �^�b�Z�f�_�l�j�h�f�� ���� �f�f�� �k�h�k�l�Z�\�e�y�e�Z��
1.0 �k�f3���f�b�g�����^�e�y���d�h�e�h�g�h�d���^�b�Z�f�_�l�j�h�f�������f�f��
�± 1.8 �k�f3���f�b�g���� �>�e�y���h�i�j�_�^�_�e�_�g�b�y���f�z�j�l�\�h�]�h��
�\�j�_�f�_�g�b���d�h�e�h�g�h�d���g�Z���h�k�g�h�\�_���k�b�e�b�d�Z�]�_�e�y���b�k��
�i�h�e�v�a�h�\�Z�e�b���l�h�e�m�h�e�����g�Z���h�k�g�h�\�_���i�h�e�b�k�l�b�j�h�e-
�^�b�\�b�g�b�e�[�_�g�a�h�e�Z���± �^�_�b�h�g�b�a�h�\�Z�g�g�m�x���\�h�^�m�� 

�I�h�^�\�b�`�g�Z�y�� �n�Z�a�Z�� �:�f�f�h�g�b�c�g�h-�Z�p�_�l�Z�l��
�g�u�c�� �[�m�n�_�j�g�u�c�� �j�Z�k�l�\�h�j�� ���:�:�;���� �j�G 4.7 �]�h��
�l�h�\�b�e�b �i�m�l�_�f���^�h�\�_�^�_�g�b�y��pH �j�Z�k�l�\�h�j�Z���m�d��

�L�Z�[�e�b�p�Z���������N�m�g�d�p�b�h�g�Z�e�v�g�u�c���k�e�h�c���b�k�i�h�e�v�a�m�_�f�u�o���\���j�Z�[�h�l�_���g�_�i�h�^�\�b�`�g�u�o���n�Z�a���b���o�Z�j�Z�d�l�_�j�b��
�k�l�b�d�b���d�h�e�h�g�h�d�� 
�7�D�E�O�H���������)�X�Q�F�W�L�R�Q�D�O���O�D�\�H�U���R�I���W�K�H���V�W�D�W�L�R�Q�D�U�\���S�K�D�V�H�V���D�Q�G���F�R�O�X�P�Q�V�¶���F�K�D�U�D�F�W�H�U�L�V�W�L�F�V 

�G�Z�a-
�\�Z- 
�g�b�_ 

�D�h�f�f�_�j��
�q�_�k�d�h�_��
�g�Z�a�\�Z��

�g�b�_���g�Z�a�\�Z��
�g�b�_���\���^�j�m��
�]�b�o���j�Z�[�h��

�l�Z�o 

�F�Z�l��
�j�b�p�Z 

�N�m�g�d�p�b�h��
�g�Z�e�v�g�u�c��

�k�e�h�c 

�J�Z�a��
�f�_�j��
�q�Z��

�k�l�b�p����
�f�d�f 

�J�Z�a��
�f�_�j��
�i�h�j����
�g�f 

�J�Z�a��
�f�_�j��
�d�h��

�e�h�g�d�b����
�f�f  

�,�f��
�d�h�k�l�v����

�f�d�f�h�e�v
�������k�f3 

�d�h��
�e�h�g�d�b�
 

�=�b�^�j�h�n�b�e�v��
�g�h�k�l�v�����N�¶ 

(�m�j�b�^�b�g�����
�
 

�I�j�h�b�a�\�h�^�b��
�l�_�e�v�� 

�k�k�u�e�d�Z 

�K�� 
�>�b�Z�k�n�_�j-

110-
�:�f�b�g���F�� 

�k�b�e�b��
�d�Z��

�]�_�e�v 

3-�Z�f�b�g�h�i�j�h��
�i�b�e 

5 11 3×100 

33 3.8 
�A�:�H���©�;�b�h��

�O�b�f���F�Z�d�K�L�ª��
[11] 

�K�� -���K-�F 

�Z�f�b�^�g�u�_��
�]�j�m�i�i�u����

�h�k�l�Z�l�h�q�g�u�_��
3-�Z�f�b�g�h�i�j�h��

�i�b�e�v�g�u�_��
�]�j�m�i�i�u 

16 2.2 [16] 

�I��  
-/BPEI-
DMA �Z�f�b��

�g�b�j�h��
�\�Z�g��
�g�u�c��
�I�K-
�>�<�; 

�i�j�b�\�b�l�h�c��
�i�h�e�b�w�l�b�e�_��
�g�b�f�b�g���b���i�h��
�e�b�w�e�_�d�l�j�h��

�e�b�l�g�u�c 
�k�e�h�c���b�a��������-
�[�m�l�Z�g�^�b�h�e��
�^�b�]�e�b�p�b�^�b��

�e�h�\�h�]�h��
�w�n�b�j�Z���b���^�b��
�f�_�l�b�e�Z�f�b�g�Z 

5.5 4 4×100 

90 2.1 [14] 

�I��  
-/BPEI-Gl 

�����ƒ�K 

�i�j�b�\�b�l�h�c��
�i�h�e�b�w�l�b�e�_��
�g�b�f�b�g���k���d�\�Z��
�l�_�j�g�b�a�Z�p�b�_�c��
NH2-�]�j�m�i�i��
�]�e�b�p�b�^�h�e�h�f 

49 1.1 [15] 

�
���B�a�f�_�j�_�g�Z���f�_�l�h�^�h�f���b�h�g�g�h�c���o�j�h�f�Z�l�h�]�j�Z�n�b�b���\���w�e�x�Z�l�_���i�m�l�z�f���a�Z�i�h�e�g�_�g�b�y���d�h�e�h�g�d�b���������f�F���\�h�^�g�u�f���j�Z�k�l�\�h�j�h�f��NaCl 
�b���\�u�l�_�k�g�_�g�b�y���������f�F���\�h�^�g�u�f���j�Z�k�l�\�h�j�h�f��NaNO3�����>�e�y���d�h�e�h�g�h�d���g�Z���k�b�e�b�d�Z�]�_�e�_���a�Z�i�h�e�g�_�g�b�_���i�j�h�\�h�^�b�e�b���i�j�b���j�G���������� 
�
�
�� �B�a�f�_�j�_�g�Z�� �\�� �m�k�e�h�\�b�y�o�� �l�_�k�l�Z�� �L�Z�g�Z�d�Z��[17]���� ������ �f�F�� �Z�f�f�h�g�b�c�g�h-�Z�p�_�l�Z�l�g�u�c�� �[�m�n�_�j�g�u�c�� �j�Z�k�l�\�h�j�� �j�G 4.7 / CH3CN 
�������������h�[������ 
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�k�m�k�g�h�c���d�b�k�e�h�l�u���\�h�^�g�u�f���j�Z�k�l�\�h�j�h�f���Z�f�f�b��
�Z�d�Z�� �^�h�� �l�j�_�[�m�_�f�h�]�h�� �a�g�Z�q�_�g�b�y���� �b�k�i�h�e�v�a�m�y��
�j�G-�f�_�l�j���� �D�h�g�p�_�g�l�j�Z�p�b�y�� �[�m�n�_�j�g�h�]�h�� �j�Z�k��
�l�\�h�j�Z���\���\�h�^�g�h�c���q�Z�k�l�b���w�e�x�_�g�l�Z���k�h�k�l�Z�\�e�y�e�Z��
���������������������������������������������f�F�����q�l�h���k�h�h�l�\�_�l�k�l�\�h��
�\�Z�e�h�� ������ ���������� �������� �������� ������ �f�F�� �d�h�g�p�_�g�l�j�Z�p�b�b��
�:�:�;�� �\�� �i�h�^�\�b�`�g�h�c�� �n�Z�a�_���� �k�h�^�_�j�`�Z�s�_�c��
90 �h�[������ �Z�p�_�l�h�g�b�l�j�b�e�Z�����>�e�y�� �i�h�^�\�b�`�g�u�o 
�n�Z�a �k 6.7, 10, ������������ ������������ ���������� �b�� ���� �h�[������
�\�h�^�g�h�c���d�h�f�i�h�g�_�g�l�u �]�h�l�h�\�b�e�b�� �[�m�n�_�j�g�u�c 
�j�Z�k�l�\�h�j�� �k�� �d�h�g�p�_�g�l�j�Z�p�b�y�f�b 150, 100, 80, 
���������������b������ �f�F , �k�h�h�l�\�_�l�k�l�\�_�g�g�h�����q�l�h���w�d�\�b��
�\�Z�e�_�g�l�g�h�� ������ �f�F���d�h�g�p�_�g�l�j�Z�p�b�b�� �:�:�; �\��
�w�e�x�_�g�l�_���� 

�H�[�k�m�`�^�_�g�b�_���j�_�a�m�e�v�l�Z�l�h�\ 

�B�a�m�q�_�g�b�_�� �a�Z�d�h�g�h�f�_�j�g�h�k�l�_�c�� �m�^�_�j�`�b�\�Z��
�g�b�y���g�_�h�j�]�Z�g�b�q�_�k�d�b�o���b�h�g�h�\����NO3

-, Cl-, K+, 
Na+, Li+, Mg2+, Ca2+) �i�j�h�\�h�^�b�e�b���g�Z���q�_�l�u��
�j�z�o�� �g�_�i�h�^�\�b�`�g�u�o�� �n�Z�a�Z�o�� �k�� �i�j�_�h�[�e�Z�^�Z�x��
�s�b�f�b�� �Z�g�b�h�g�h�h�[�f�_�g�g�u�f�b�� �k�\�h�c�k�l�\�Z�f�b��
���l�Z�[�e�� �������� �i�j�b�f�_�g�_�g�b�_�� �d�h�l�h�j�u�o�� �\�� �j�_�`�b�f�_��
�]�b�^�j�h�n�b�e�v�g�h�c���o�j�h�f�Z�l�h�]�j�Z�n�b�b���[�u�e�h���h�i�b��
�k�Z�g�h�� �j�Z�g�_�_��[11,14-16]���� �N�Z�a�u�� �b�f�_�x�l�� �j�Z�a��
�e�b�q�g�u�_�� �n�m�g�d�p�b�h�g�Z�e�v�g�u�_�� �k�e�h�b���� �k�h�^�_�j�`�Z��
�s�b�_�� �Z�f�b�g�h�]�j�m�i�i�u�� �j�Z�a�g�h�c�� �k�l�_�i�_�g�b�� �a�Z�f�_��
�s�z�g�g�h�k�l�b���� �a�Z�d�j�_�i�e�_�g�g�u�_�� �g�Z�� �k�b�e�b�d�Z�]�_�e�_��
���n�Z�a�u�� �K1 �b�� �K2���� �b�� �i�h�e�b�k�l�b�j�h�e-�^�b�\�b��
�g�b�e�[�_�g�a�h�e�_�� ���I1 �b�� �I2������ �I�h�k�e�_�^�g�b�_�� �i�j�_�^��
�k�l�Z�\�e�y�x�l�� �k�h�[�h�c�� �f�g�h�]�h�n�m�g�d�p�b�h�g�Z�e�v�g�u�_��
�k�h�j�[�_�g�l�u�����l�Z�d�`�_���i�j�b�]�h�^�g�u�_���^�e�y���j�Z�[�h�l�u���\��
�j�_�`�b�f�_�� �b�h�g�g�h�c�� �b�� �h�[�j�Z�s�_�g�g�h-�n�Z�a�h�\�h�c��

�o�j�h�f�Z�l�h�]�j�Z�n�b�b��[14,15]���� �<�� �d�Z�q�_�k�l�\�_���i�h��
�^�\�b�`�g�h�c���n�Z�a�u���b�k�i�h�e�v�a�h�\�Z�e�b���k�f�_�k�v���e�_�l�m��
�q�_�]�h�� �Z�f�f�h�g�b�c�g�h-�Z�p�_�l�Z�l�g�h�]�h�� �[�m�n�_�j�g�h�]�h��
�j�Z�k�l�\�h�j�Z���j�G�����������b���Z�p�_�l�h�g�b�l�j�b�e�Z�����k�h�^�_�j�`�Z��
�g�b�_�� �d�h�l�h�j�h�]�h�� �k�h�k�l�Z�\�e�y�e�h�� �[�h�e�_�_�� ���� �h�[��������
�j�G���w�e�x�_�g�l�Z���i�h�^�^�_�j�`�b�\�Z�e�b���i�h�k�l�h�y�g�g�u�f���k��
�p�_�e�v�x���h�[�_�k�i�_�q�_�g�b�y���k�l�Z�[�b�e�v�g�h�k�l�b���k�l�_�i�_�g�b��
�^�b�k�k�h�p�b�Z�p�b�b���]�j�m�i�i���k�h�j�[�_�g�l�h�\���^�e�y���i�h�e�m�q�_��
�g�b�y�� �\�h�k�i�j�h�b�a�\�h�^�b�f�u�o�� �\�j�_�f�z�g�� �m�^�_�j�`�b�\�Z��
�g�b�y���b�h�g�h�\���� �<�u�k�h�d�Z�y�� �e�_�l�m�q�_�k�l�v���d�h�f�i�h�g�_�g��
�l�h�\���i�h�^�\�b�`�g�h�c���n�Z�a�u���i�h�a�\�h�e�y�e�Z���b�k�i�h�e�v�a�h��
�\�Z�l�v�� �^�e�y�� �j�_�]�b�k�l�j�Z�p�b�b�� �i�b�d�h�\�� �b�k�i�Z�j�b�l�_�e�v��
�g�u�c���^�_�l�_�d�l�h�j���i�h���k�\�_�l�h�j�Z�k�k�_�y�g�b�x�� 

�I�h�j�y�^�h�d���w�e�x�b�j�h�\�Z�g�b�y���Z�g�b�h�g�h�\����NO3
- < 

Cl-���� �b���d�Z�l�b�h�g�h�\����K+ < Na+ < Li+ < Mg2+ �” 
Ca2+�����i�j�b������-93.3 �h�[�������Z�p�_�l�h�g�b�l�j�b�e�Z���b����-
������ �f�F�� �:�:�;�� �\�� �w�e�x�_�g�l�_�� �[�u�e�� �h�^�b�g�Z�d�h�\�� �g�Z��
�\�k�_�o���Z�f�b�g�b�j�h�\�Z�g�g�u�o���g�_�i�h�^�\�b�`�g�u�o���n�Z�a�Z�o��
���j�b�k�� ������ �b�� �i�j�h�l�b�\�h�i�h�e�h�`�_�g�� �i�h�j�y�^�d�m�� �\�u��
�o�h�^�Z���� �l�b�i�b�q�g�h�f�m���^�e�y���Z�g�b�h�g�h- �b���d�Z�l�b�h�g�h��
�h�[�f�_�g�g�h�c���o�j�h�f�Z�l�h�]�j�Z�n�b�b���\���\�h�^�g�h�c���k�j�_�^�_��
[1]�����Z���l�Z�d�`�_���k�h�]�e�Z�k�h�\�Z�e�k�y���k���i�h�j�y�^�d�h�f���w�e�x��
�b�j�h�\�Z�g�b�y���g�Z���p�\�b�l�l�_�j-�b�h�g�g�h�f���k�h�j�[�_�g�l�_ �g�Z��
�h�k�g�h�\�_���i�h�e�b�f�_�j�Z���\���j�_�`�b�f�_���]�b�^�j�h�n�b�e�v�g�h�c��
�o�j�h�f�Z�l�h�]�j�Z�n�b�b��[6]. �B�a�f�_�g�_�g�b�_���k�_�e�_�d�l�b�\��
�g�h�k�l�b���i�h���k�j�Z�\�g�_�g�b�x���k���B�O���\�u�a�\�Z�g�h �\�e�b�y��
�g�b�_�f�� �\�u�k�h�d�h�]�h�� �k�h�^�_�j�`�Z�g�b�y�� �h�j�]�Z�g�b�q�_��
�k�d�h�]�h�� �j�Z�k�l�\�h�j�b�l�_�e�y�� �\�� �i�h�^�\�b�`�g�h�c�� �n�Z�a�_����
�i�j�b�\�h�^�y�s�_�]�h���d���b�a�f�_�g�_�g�b�x���o�Z�j�Z�d�l�_�j�Z���\�a�Z��
�b�f�h�^�_�c�k�l�\�b�c���f�_�`�^�m���b�h�g�Z�f�b���b���g�_�i�h�^�\�b�`��
�g�h�c�� �n�Z�a�h�c�� �H�^�g�Z�d�h�� �k�l�h�b�l�� �h�l�f�_�l�b�l�v���� �q�l�h��
�l�j�Z�^�b�p�b�h�g�g�u�c�� �^�e�y�� �B�O�� �i�h�j�y�^�h�d�� �\�u�o�h�^�Z��
�h�^�g�h�a�Z�j�y�^�g�u�o�� �d�Z�l�b�h�g�h�\�� �k�h�[�e�x�^�Z�e�k�y�� �g�Z��

 
�J�b�k�� �������N�Z�d�l�h�j�u���m�^�_�j�`�b�\�Z�g�b�y���b�h�g�h�\���g�Z���k�b�e�b�d�Z�]�_�e�_���b���d�h�e�h�g�d�Z�o���K�������K�������I�������I���� 

�I�h�^�\�b�`�g�Z�y���n�Z�a�Z�������������f�F���:�:�;���j�G��������������CH3CN �������������h�[������ 
Fig. 1. Retention factors for ions on silica and S1, S2, P1, and P2 stationary phases. 

Mobile phase: 100 mM ammonium acetate buffer pH 4.7 / CH3CN 10/90 v/v. 
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�g�_�f�h�^�b�n�b�p�b�j�h�\�Z�g�g�h�f�� �k�b�e�b�d�Z�]�_�e�_�� �\�� �l�_�o��
�`�_�� �m�k�e�h�\�b�y�o�� ���j�b�k�� �������� �k�\�b�^�_�l�_�e�v�k�l�\�m�y�� �h��
�i�j�_�h�[�e�Z�^�Z�g�b�b���b�h�g�h�h�[�f�_�g�g�h�]�h���f�_�o�Z�g�b�a�f�Z��
�m�^�_�j�`�b�\�Z�g�b�y���� �l�h�]�^�Z�� �d�Z�d�� �g�Z�� �Z�f�b�g�b�j�h�\�Z�g��
�g�u�o���n�Z�a�Z�o���h�g���k�h�]�e�Z�k�h�\�Z�e�k�y���k���\�_�e�b�q�b�g�Z�f�b��
�b�o�� �]�b�^�j�Z�l�b�j�h�\�Z�g�g�u�o�� �j�Z�^�b�m�k�h�\��
(r �]�b�^�j(Li+)=0.382 �g�f����r �]�b�^�j(Na+)=0.358 �g�f����
r �]�b�^�j(K+)=0.331 �g�f��[18]������ �F�h�`�g�h�� �a�Z�d�e�x��
�q�b�l�v�����q�l�h���]�b�^�j�Z�l�g�Z�y���h�[�h�e�h�q�d�Z�����k�h�o�j�Z�g�y�x��
�s�Z�y�k�y�� �^�Z�`�_�� �\�� �k�j�_�^�_�� �k�� �\�u�k�h�d�b�f�� �k�h�^�_�j�`�Z��
�g�b�_�f�� �h�j�]�Z�g�b�q�_�k�d�h�]�h�� �j�Z�k�l�\�h�j�b�l�_�e�y��[19], 
�k�i�h�k�h�[�k�l�\�m�_�l�� �m�^�_�j�`�b�\�Z�g�b�x�� �d�Z�l�b�h�g�h�\�� �\��
�b�f�f�h�[�b�e�b�a�h�\�Z�g�g�h�f�� �\�h�^�g�h�f�� �k�e�h�_�� �k�h�j��
�[�_�g�l�Z���� �g�_�k�f�h�l�j�y�� �g�Z�� �b�o�� �h�`�b�^�Z�_�f�h�_�� �h�l�l�Z�e��
�d�b�\�Z�g�b�_�� �h�l�� �i�j�h�l�h�g�b�j�h�\�Z�g�g�u�o�� �Z�f�b�g�h��
�]�j�m�i�i���� �Q�_�f�� �h�g�Z�� �[�h�e�v�r�_���� �l�_�f�� �f�_�g�v�r�_�� �h�l��
�l�Z�e�d�b�\�Z�g�b�_���d�Z�l�b�h�g�Z���h�l���h�^�g�h�b�f�_�g�g�h���a�Z�j�y��
�`�_�g�g�h�c�� �g�_�i�h�^�\�b�`�g�h�c�� �n�Z�a�u���� �>�e�y�� �d�Z�l�b�h��
�g�h�\���d�Z�e�v�p�b�y���b���f�Z�]�g�b�y���n�Z�d�l�h�j�u���m�^�_�j�`�b�\�Z��
�g�b�y���[�u�e�b���k�h�i�h�k�l�Z�\�b�f�u���k���l�Z�d�h�\�u�f�b���g�Z���g�_��
�f�h�^�b�n�b�p�b�j�h�\�Z�g�g�h�f�� �k�b�e�b�d�Z�]�_�e�_, �\�� �j�y�^�_��
�m�k�e�h�\�b�c���a�g�Z�q�b�l�_�e�v�g�h���i�j�_�\�u�r�Z�e�b���l�Z�d�h�\�u�_��
�^�e�y���Z�g�b�h�g�h�\�����Z���b�o���k�b�f�[�Z�l�g�h�k�l�v���k���\�_�e�b�q�b��
�g�Z�f�b�� �]�b�^�j�Z�l�b�j�h�\�Z�g�g�u�o�� �j�Z�^�b�m�k�h�\��
(r�]�b�^�j(Ca2+)=0.412 �g�f����r�]�b�^�j(Mg2+)=0.428 �g�f��
[18]) �g�Z�j�m�r�Z�e�Z�k�v�����q�l�h�����\�_�j�h�y�l�g�h�����\�u�a�\�Z�g�h��
�\�e�b�y�g�b�_�f�� �d�h�f�i�e�_�d�k�h�h�[�j�Z�a�h�\�Z�g�b�y �k�� �Z�a�h�l- 
�b�� �d�b�k�e�h�j�h�^�k�h�^�_�j�`�Z�s�b�f�b�� �]�j�m�i�i�Z�f�b�� �k�h�j��
�[�_�g�l�h�\�� �F�_�g�v�r�_�_�� �m�^�_�j�`�b�\�Z�g�b�_�� �g�b�l�j�Z�l�Z��
�i�h���k�j�Z�\�g�_�g�b�x���k���o�e�h�j�b�^�h�f �[�u�e�h �h�[�m�k�e�h�\��
�e�_�g�h���_�]�h���[�h�e�v�r�_�c���]�b�^�j�h�n�h�[�g�h�k�l�v�x��[13]. 

�K�l�j�m�d�l�m�j�Z�� �g�_�i�h�^�\�b�`�g�h�c�� �n�Z�a�u�� �\�e�b�y�e�Z��
�g�Z���Z�[�k�h�e�x�l�g�u�_���\�_�e�b�q�b�g�u���n�Z�d�l�h�j�h�\���m�^�_�j��
�`�b�\�Z�g�b�y�� �b�� �k�_�e�_�d�l�b�\�g�h�k�l�v�� �j�Z�a�^�_�e�_�g�b�y��
�b�h�g�h�\���j�Z�a�g�h�]�h���a�Z�j�y�^�Z�����F�_�g�v�r�b�_���n�Z�d�l�h�j�u��
�m�^�_�j�`�b�\�Z�g�b�y�� �d�Z�l�b�h�g�h�\�� �h�`�b�^�Z�_�f�h�� �i�h�e�m��
�q�_�g�u�� �g�Z�� �k�h�j�[�_�g�l�Z�o�� �g�Z�� �h�k�g�h�\�_�� �I�K-�>�<�;����
�b�f�_�x�s�b�o�� �[�h�e�v�r�_�_�� �q�b�k�e�h�� �i�h�e�h�`�b�l�_�e�v�g�h��
�a�Z�j�y�`�_�g�g�u�o���p�_�g�l�j�h�\�����q�_�f���k�h�j�[�_�g�l�u���g�Z���k�b��
�e�b�d�Z�]�_�e�_���� �o�Z�j�Z�d�l�_�j�b�a�m�x�s�b�_�k�y�� �l�Z�d�`�_�� �\�u��
�k�h�d�h�c�� �]�b�^�j�h�n�b�e�v�g�h�k�l�v�x�� ���l�Z�[�e�� ������ �b���� �k�e�_��
�^�h�\�Z�l�_�e�v�g�h���� �[�h�e�v�r�_�c�� �l�h�e�s�b�g�h�c�� �i�j�b�i�h��
�\�_�j�o�g�h�k�l�g�h�]�h�� �\�h�^�g�h�]�h�� �k�e�h�y���� �B�k�d�e�x�q�_��
�g�b�_�f�� �y�\�e�y�e�h�k�v�� �a�g�Z�q�b�l�_�e�v�g�h�_�� �m�^�_�j�`�b�\�Z��
�g�b�_��Ca2+ �g�Z�� �d�h�e�h�g�d�_�� �I2, �\�u�a�\�Z�g�g�h�_���� �i�h-
�\�b�^�b�f�h�f�m���� �i�j�b�k�m�l�k�l�\�b�_�f�� �\�� �k�l�j�m�d�l�m�j�_��
�n�m�g�d�p�b�h�g�Z�e�v�g�h�]�h�� �k�e�h�y�� �k�h�j�[�_�g�l�Z�� �o�_�e�Z�l�h��
�h�[�j�Z�a�m�x�s�b�o�� �n�j�Z�]�f�_�g�l�h�\�� �w�l�b�e�_�g�]�e�b�d�h�e�y��
�b���w�l�b�e�_�g�^�b�Z�f�b�g�Z�����l�Z�[�e�� ���������G�Z���n�Z�a�Z�o���K1 �b��

�K2 �^�h�i�h�e�g�b�l�_�e�v�g�h�� �\�h�a�f�h�`�g�h�� �m�^�_�j�`�b�\�Z��
�g�b�_���d�Z�l�b�h�g�h�\���g�Z���^�b�k�k�h�p�b�b�j�h�\�Z�g�g�u�o���h�k�l�Z��
�l�h�q�g�u�o�� �k�b�e�Z�g�h�e�v�g�u�o�� �]�j�m�i�i�Z�o�� �f�Z�l�j�b�p�u����
�q�l�h�� �l�Z�d�`�_�� �h�[�_�k�i�_�q�b�\�Z�_�l�� �k�h�i�h�k�l�Z�\�b�f�u�_��
�n�Z�d�l�h�j�u�� �m�^�_�j�`�b�\�Z�g�b�y�� �h�^�g�h�a�Z�j�y�^�g�u�o��
�b�h�g�h�\�� 

�<�e�b�y�g�b�_���d�h�g�p�_�g�l�j�Z�p�b�b���[�m�n�_�j�g�h�]�h���j�Z�k��
�l�\�h�j�Z���g�Z���m�^�_�j�`�b�\�Z�g�b�_���b�h�g�h�\�� �>�e�y���\�u�y�k�g�_��
�g�b�y�� �f�_�o�Z�g�b�a�f�Z�� �m�^�_�j�`�b�\�Z�g�b�y�� �d�Z�l�b�h�g�h�\�� �b��
�Z�g�b�h�g�h�\�� �g�Z�� �Z�f�b�g�b�j�h�\�Z�g�g�u�o�� �g�_�i�h�^�\�b�`��
�g�u�o���n�Z�a�Z�o���g�Z���h�k�g�h�\�_���k�b�e�b�d�Z�]�_�e�y���b���i�h�e�b��
�f�_�j�g�h�c�� �f�Z�l�j�b�p�u�� �\�� �m�k�e�h�\�b�y�o���� �l�b�i�b�q�g�u�o��
�^�e�y�� �]�b�^�j�h�n�b�e�v�g�h�c�� �o�j�h�f�Z�l�h�]�j�Z�n�b�b���� �i�j�h��
�\�h�^�b�e�b�� �\�Z�j�v�b�j�h�\�Z�g�b�_�� �d�h�g�p�_�g�l�j�Z�p�b�b�� �[�m��
�n�_�j�g�h�]�h�� �j�Z�k�l�\�h�j�Z�� �\�� �i�h�^�\�b�`�g�h�c���n�Z�a�_���� �k�h��
�^�_�j�`�Z�s�_�c�� ���� �h�[������ �Z�p�_�l�h�g�b�l�j�b�e�Z���� �b�� �^�h�e�b��
�\�h�^�u�� �i�j�b�� �i�h�k�l�h�y�g�g�h�c�� �d�h�g�p�_�g�l�j�Z�p�b�b�� �[�m��
�n�_�j�g�h�]�h�� �j�Z�k�l�\�h�j�Z�� �\�� �w�e�x�_�g�l�_�� �������� �f�F������ �<��
�d�Z�q�_�k�l�\�_���i�j�b�f�_�j�Z���g�Z���j�b�k�� �����i�j�_�^�k�l�Z�\�e�_�g�u��
�a�Z�\�b�k�b�f�h�k�l�b���n�Z�d�l�h�j�Z���m�^�_�j�`�b�\�Z�g�b�y���b�h�g�h�\��
�h�l�� �^�Z�g�g�u�o�� �i�Z�j�Z�f�_�l�j�h�\�� �i�h�^�\�b�`�g�h�c�� �n�Z�a�u����
�i�h�e�m�q�_�g�g�u�_�� �g�Z�� �d�h�e�h�g�d�_�� �I2���� �>�e�y�� �h�k�l�Z�e�v��
�g�u�o�� �n�Z�a�� �a�Z�\�b�k�b�f�h�k�l�b�� �b�f�_�e�b�� �i�h�o�h�`�b�c��
�\�b�^�����h�l�e�b�q�Z�x�s�b�_�k�y���i�h���Z�[�k�h�e�x�l�g�u�f���\�_�e�b��
�q�b�g�Z�f�� �n�Z�d�l�h�j�h�\�� �m�^�_�j�`�b�\�Z�g�b�y�� �b�� �\�� �j�y�^�_��
�k�e�m�q�Z�_�\���m�]�e�h�f���g�Z�d�e�h�g�Z�����l�Z�[�e�� 2). 

�M�\�_�e�b�q�_�g�b�_�� �d�h�g�p�_�g�l�j�Z�p�b�b�� �[�m�n�_�j�g�h�]�h��
�j�Z�k�l�\�h�j�Z���\���i�h�^�\�b�`�g�h�c���n�Z�a�_���k�������^�h���������f�F��
�i�j�b�\�h�^�b�e�h�� �d�� �k�m�s�_�k�l�\�_�g�g�h�f�m�� �k�g�b�`�_�g�b�x��
�n�Z�d�l�h�j�h�\�� �m�^�_�j�`�b�\�Z�g�b�y��NO3

- �b�� �&�O- �b�� �\�h�a��
�j�Z�k�l�Z�g�b�x�� �^�e�y��K+, Na+ �b�� �/�L+ �g�Z�� �\�k�_�o�� �j�Z�k��
�k�f�Z�l�j�b�\�Z�_�f�u�o�� �k�h�j�[�_�g�l�Z�o�� ���j�b�k�� ���:����
�l�Z�[�e�� �������� �I�h�e�m�q�_�g�g�u�_�� �^�Z�g�g�u�_�� �b�g�l�_�j�i�j�_��
�l�b�j�h�\�Z�e�b���� �b�k�i�h�e�v�a�m�y�� �[�b�e�h�]�Z�j�b�n�f�b�q�_��
�k�d�m�x���f�h�^�_�e�v���^�e�y���b�h�g�g�h�]�h���h�[�f�_�g�Z�� 

lg k�¶ = s lg[C] + constant, 
�]�^�_�� �m�]�e�h�\�h�c�� �d�h�w�n�n�b�p�b�_�g�l��s �h�l�j�Z�`�Z�_�l��
�\�d�e�Z�^���b�h�g�g�h�]�h���h�[�f�_�g�Z���b���k�b�e�m���w�e�_�d�l�j�h�k�l�Z��
�l�b�q�_�k�d�h�]�h���h�l�l�Z�e�d�b�\�Z�g�b�y��[20]�����K�l�h�b�l���h�l�f�_��
�l�b�l�v�����q�l�h���\���^�Z�g�g�h�f���m�j�Z�\�g�_�g�b�b���n�b�]�m�j�b�j�m�_�l��
�d�h�g�p�_�g�l�j�Z�p�b�y�� �w�e�x�b�j�m�x�s�_�]�h�� �b�h�g�Z�� �>�K�@�� ���\��
�^�Z�g�g�h�f�� �k�e�m�q�Z�_�� �Z�p�_�l�Z�l�Z������ �h�^�g�Z�d�h�� �^�e�y�� �b�k��
�i�h�e�v�a�m�_�f�h�]�h���[�m�n�_�j�g�h�]�h���j�Z�k�l�\�h�j�Z���g�_�l���\�h�a��
�f�h�`�g�h�k�l�b���^�h�k�l�h�\�_�j�g�h���_�z���m�k�l�Z�g�h�\�b�l�v���b�a-�a�Z��
�\�h�a�g�b�d�Z�x�s�_�]�h�� �\�� �k�j�_�^�_�� �k�� �\�u�k�h�d�b�f�� �k�h�^�_�j��
�`�Z�g�b�_�f�� �Z�p�_�l�h�g�b�l�j�b�e�Z�� �j�Z�\�g�h�\�_�k�b�y�� �Z�f�f�h��
�g�b�c-�Z�f�f�b�Z�d��[20,21]�����>�e�y���i�h�e�m�q�_�g�b�y���a�Z�\�b��
�k�b�f�h�k�l�_�c�� �b�k�i�h�e�v�a�h�\�Z�e�b�� �h�[�s�m�x�� �d�h�g�p�_�g��
�l�j�Z�p�b�x���[�m�n�_�j�g�h�]�h���j�Z�k�l�\�h�j�Z���\���w�e�x�_�g�l�_���K, 
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�d�h�l�h�j�Z�y���i�j�y�f�h���i�j�h�i�h�j�p�b�h�g�Z�e�v�g�Z���d�h�g�p�_�g��
�l�j�Z�p�b�b���Z�p�_�l�Z�l�Z���� 

�;�u�e�h���i�h�d�Z�a�Z�g�h�����q�l�h���g�Z���\�k�_�o���g�_�i�h�^�\�b�`��
�g�u�o�� �n�Z�a�Z�o�� �m�]�e�h�\�h�c�� �d�h�w�n�n�b�p�b�_�g�l��s �^�e�y��
�Z�g�b�h�g�h�\���h�l�e�b�q�_�g���h�l��-�������l�Z�[�e�� ���������q�l�h�� �k�\�b��
�^�_�l�_�e�v�k�l�\�h�\�Z�e�h�� �h�� �j�_�Z�e�b�a�Z�p�b�b�� �g�_�� �l�h�e�v�d�h��
�b�h�g�h�h�[�f�_�g�g�h�]�h���f�_�o�Z�g�b�a�f�Z���m�^�_�j�`�b�\�Z�g�b�y����
�g�h���b���b�g�u�o���l�b�i�h�\���\�a�Z�b�f�h�^�_�c�k�l�\�b�c���k���g�_�i�h��
�^�\�b�`�g�h�c���n�Z�a�h�c�����I�h�e�m�q�_�g�g�u�_���^�e�y���h�^�g�h�a�Z��
�j�y�^�g�u�o�� �d�Z�l�b�h�g�h�\�� �i�h�e�h�`�b�l�_�e�v�g�u�_�� �m�]�e�h��
�\�u�_���d�h�w�n�n�b�p�b�_�g�l�u���k�e�m�`�b�e�b���i�h�^�l�\�_�j�`�^�_��

�g�b�_�f�� �\�e�b�y�g�b�y�� �w�e�_�d�l�j�h�k�l�Z�l�b�q�_�k�d�h�]�h�� �h�l��
�l�Z�e�d�b�\�Z�g�b�y�� �g�Z���b�o�� �m�^�_�j�`�b�\�Z�g�b�_���� �j�_�Z�e�b�a�m��

�x�s�_�]�h�k�y�� �\�� �f�_�g�v�r�_�c�� �k�l�_�i�_�g�b�� �^�e�y��Li+ �k��
�[�h�e�v�r�b�f�� �j�Z�^�b�m�k�h�f�� �]�b�^�j�Z�l�g�h�c�� �h�[�h�e�h�q�d�b����
�G�Z�b�[�h�e�v�r�_�_�� �\�e�b�y�g�b�_�� �d�h�g�p�_�g�l�j�Z�p�b�b�� �[�m��
�n�_�j�g�h�]�h���j�Z�k�l�\�h�j�Z���g�Z���m�^�_�j�`�b�\�Z�g�b�_���b�h�g�h�\��
���g�Z�b�[�h�e�v�r�b�_���Z�[�k�h�e�x�l�g�u�_���a�g�Z�q�_�g�b�y���m�]�e�h��
�\�u�o�� �d�h�w�n�n�b�p�b�_�g�l�h�\��s���� �h�^�g�h�\�j�_�f�_�g�g�h�� �k��
�g�Z�b�[�h�e�v�r�b�f�b �n�Z�d�l�h�j�Z�f�b�� �m�^�_�j�`�b�\�Z�g�b�y��
�Z�g�b�h�g�h�\�� �b�� �g�Z�b�f�_�g�v�r�b�f�b�� �^�e�y�� �d�Z�l�b�h�g�h�\��
�[�u�e�h���i�h�d�Z�a�Z�g�h���g�Z���d�h�e�h�g�d�_���I1 �k���k�Z�f�h�c���\�u��

      
�J�b�k�� �������A�Z�\�b�k�b�f�h�k�l�v���e�h�]�Z�j�b�n�f�h�\���n�Z�d�l�h�j�h�\���m�^�_�j�`�b�\�Z�g�b�y���b�h�g�h�\���g�Z���d�h�e�h�g�d�_���I�����h�l���:�����e�h��

�]�Z�j�b�n�f�Z���d�h�g�p�_�g�l�j�Z�p�b�b���[�m�n�_�j�g�h�]�h���j�Z�k�l�\�h�j�Z���\���w�e�x�_�g�l�_�����i�h�^�\�b�`�g�Z�y���n�Z�a�Z���� 
�:�:�;���j�G 4.7 / CH3�&�1���������������h�[���������^�b�Z�i�Z�a�h�g���\�Z�j�v�b�j�h�\�Z�g�b�y���d�h�g�p�_�g�l�j�Z�p�b�b���[�m�n�_�j�g�h�]�h���j�Z�k��
�l�\�h�j�Z���\���w�e�x�_�g�l�_���h�l�������^�h���������f�F�����;�����^�h�e�b���\�h�^�g�h�c���d�h�f�i�h�g�_�g�l�u���\���w�e�x�_�g�l�_�����i�h�^�\�b�`�g�Z�y���n�Z�a�Z����

�:�:�;���j�G 4.7 / CH3�&�1�����d�h�g�p�_�g�l�j�Z�p�b�b���[�m�n�_�j�g�h�]�h���j�Z�k�l�\�h�j�Z���\���w�e�x�_�g�l�_���������f�F�����^�b�Z�i�Z�a�h�g���\�Z�j�v��
�b�j�h�\�Z�g�b�y���^�h�e�b���\�h�^�u���h�l�����������^�h���������h�[������ 

Fig. 2. The dependence of the logarithms of the ion retention factors on the P2 column on  
A) the logarithm of the buffer concentration in the eluent, mobile phase: ammonium acetate 

buffer pH 4.7 / CH3CN 10/90 v/v, the range of the buffer concentration in the eluent was from 5 
to 20 mM; B) the water proportion in the eluent, mobile phase: ammonium acetate buffer pH 4.7 
/ CH3CN, the buffer concentration in the eluent was 10 mM, the range of the water proportion 

was from 6.7 to 20 vol.%. 
 

�L�Z�[�e�b�p�Z�� ������ �M�]�e�h�\�u�_�� �d�h�w�n�n�b�p�b�_�g�l�u�� �a�Z�\�b�k�b�f�h�k�l�_�c�� �n�Z�d�l�h�j�Z�� �m�^�_�j�`�b�\�Z�g�b�y�� �h�l�� �d�h�g�p�_�g�l�j�Z�p�b�b��
�[�m�n�_�j�g�h�]�h���j�Z�k�l�\�h�j�Z���K �b���^�h�e�b���\�h�^�u���\���w�e�x�_�g�l�_���3�����D�h�w�n�n�b�p�b�_�g�l���d�h�j�j�_�e�y�p�b�b��r > �������������M�k�e�h�\�b�y 
�i�j�b�\�_�^�_�g�u �g�Z �j�b�k. 2 
Table 2. The slope coefficients of the dependences of the retention factor on the buffer concentra-
tion C and the water proportion in the eluent �3�� Correlation coefficient r > 0.87. The conditions are 
shown in Fig. 2 
�M�]�e�h�\�h�c��
�d�h�w�n�n�� 

lg �N�¶ �± lg C lg �N�¶ �± �3 
�K�� �K�� �I��  �I��  �K�� �K�� �I��  �I��  

NO3
- -0.69 -0.46 -0.74 -0.55 0.02 0.02 0.03 0.03 

Cl- -0.65 -0.54 -0.72 -0.56 -0.01* 0 -0.008** -0.02** 
K+ 0.59 0.46 0.93 0.60 -0.06 -0.07 -0.14 -0.11 
Na+ 0.74 0.54 0.81 0.77 -0.08 -0.08 -0.13 -0.13 
Li + 0.57 0.41 0.51 0.38 -0.10 -0.10 -0.15 -0.14 
Mg2+ 0.22 0.27 0.13 0 -0.12 -0.12 -0.15 -0.14 
Ca2+ 0.25 0.33 0.11 -0.30 -0.12 -0.12 -0.15 -0.14 

�
���\���^�b�Z�i�Z�a�h�g�_���3 �h�l�����������^�h���������� �h�[���������
�
���\���^�b�Z�i�Z�a�h�g�_���3 �h�l�����������^�h���������� �h�[������ 
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�k�h�d�h�c���z�f�d�h�k�l�v�x�����l�Z�[�e�� ���������^�_�f�h�g�k�l�j�b�j�m�x��
�s�_�_�� �k�m�s�_�k�l�\�_�g�g�m�x�� �j�h�e�v�� �^�Z�g�g�h�]�h�� �k�\�h�c��
�k�l�\�Z�� �k�h�j�[�_�g�l�Z�� �\�� �m�^�_�j�`�b�\�Z�g�b�b�� �b�h�g�h�\�� �\��
�w�e�x�_�g�l�_�� �k�� �\�u�k�h�d�b�f�� �k�h�^�_�j�`�Z�g�b�_�f�� �Z�p�_�l�h��
�g�b�l�j�b�e�Z�����M�^�_�j�`�b�\�Z�g�b�_���b�h�g�h�\��Mg2+ �b Ca2+ 
�\�� �f�_�g�v�r�_�c�� �k�l�_�i�_�g�b�� �a�Z�\�b�k�_�e�h�� �h�l�� �d�h�g�p�_�g��
�l�j�Z�p�b�b�� �Z�f�f�h�g�b�c�g�h-�Z�p�_�l�Z�l�g�h�]�h�� �[�m�n�_�j��
�g�h�]�h�� �j�Z�k�l�\�h�j�Z���� �q�_�f�� �m�^�_�j�`�b�\�Z�g�b�_�� �h�^�g�h�a�Z 
�j�y�^�g�u�o�� �b�h�g�h�\���� �>�Z�g�g�h�_�� �g�Z�[�e�x�^�_�g�b�_�� �f�h��
�`�_�l�� �k�e�m�`�b�l�v�� �i�h�^�l�\�_�j�`�^�_�g�b�_�f�� �i�j�_�^�i�h�e�h��
�`�_�g�b�y�� �h�� �\�d�e�Z�^�_�� �d�h�f�i�e�_�d�k�h�h�[�j�Z�a�h�\�Z�g�b�y�� �\��
�b�o���m�^�_�j�`�b�\�Z�g�b�_���� 

�<�e�b�y�g�b�_���^�h�e�b���\�h�^�u���\���w�e�x�_�g�l�_���g�Z���m�^�_�j��
�`�b�\�Z�g�b�_�� �b�h�g�h�\�� �I�j�b�� �m�\�_�e�b�q�_�g�b�b�� �^�h�e�b��
�\�h�^�u���\���i�h�^�\�b�`�g�h�c���n�Z�a�_���d�Z�d���k�b�e�v�g�h�]�h���j�Z�k��
�l�\�h�j�b�l�_�e�y���\���j�_�`�b�f�_���=�B�O���k�����������^�h������ �h�[��������
�l���_���� �i�j�b�� �m�f�_�g�v�r�_�g�b�b�� �k�h�^�_�j�`�Z�g�b�y�� �Z�p�_�l�h��
�g�b�l�j�b�e�Z���� �g�Z�[�e�x�^�Z�e�b�� �k�m�s�_�k�l�\�_�g�g�h�_�� �k�g�b��
�`�_�g�b�_�� �n�Z�d�l�h�j�h�\�� �m�^�_�j�`�b�\�Z�g�b�y�� �\�k�_�o�� �j�Z�k��
�k�f�Z�l�j�b�\�Z�_�f�u�o���d�Z�l�b�h�g�h�\�����j�b�k�� ���;�����l�Z�[�e�� 2) 
�\�i�e�h�l�v�� �^�h k�¶� ���� �^�e�y��K+ �b Na+ �g�Z�� �d�h�e�h�g�d�_��
�I���� �i�j�b�� ���� �h�[������ �\�h�^�g�h�c�� �d�h�f�i�h�g�_�g�l�u�� �\��
�w�e�x�_�g�l�_���� �>�Z�g�g�u�c�� �l�j�_�g�^�� �y�\�e�y�_�l�k�y�� �o�Z�j�Z�d��
�l�_�j�g�u�f�� �^�e�y�� �f�_�o�Z�g�b�a�f�Z�� �j�Z�k�i�j�_�^�_�e�_�g�b�y��
�Z�g�Z�e�b�l�Z���f�_�`�^�m���i�h�^�\�b�`�g�h�c���n�Z�a�h�c���b���Z�^�k�h�j��
�[�b�j�h�\�Z�g�g�u�f�� �g�Z�� �i�h�\�_�j�o�g�h�k�l�b�� �k�h�j�[�_�g�l�Z��
�k�e�h�_�f���\�h�^�u���\���j�_�`�b�f�_���]�b�^�j�h�n�b�e�v�g�h�c���o�j�h��
�f�Z�l�h�]�j�Z�n�b�b���� �J�_�Z�e�b�a�Z�p�b�y�� �j�Z�k�i�j�_�^�_�e�_�g�b�y��
�^�e�y�� �d�Z�l�b�h�g�h�\�� �g�Z�� �\�k�_�o�� �j�Z�k�k�f�Z�l�j�b�\�Z�_�f�u�o��
�n�Z�a�Z�o���[�u�e�Z���i�h�^�l�\�_�j�`�^�_�g�Z���i�h���e�b�g�_�c�g�h�k�l�b��
�a�Z�\�b�k�b�f�h�k�l�b�� �n�Z�d�l�h�j�Z�� �m�^�_�j�`�b�\�Z�g�b�y�� �h�l��
�^�h�e�b�� �k�b�e�v�g�h�]�h�� �j�Z�k�l�\�h�j�b�l�_�e�y�� �\�� �w�e�x�_�g�l�_��

(�3�����\���d�h�h�j�^�b�g�Z�l�Z�o��lg k�¶ �h�l���3 ���l�Z�[�e�� 2). �I�h��
�^�h�[�g�u�_���\�u�\�h�^�u���j�Z�g�_�_�� �[�u�e�b���k�^�_�e�Z�g�u���^�e�y��
�d�Z�l�b�h�g�h�\���l�h�e�v�d�h���g�Z���k�h�j�[�_�g�l�Z�o�����b�f�_�x�s�b�o���\��
�n�m�g�d�p�b�h�g�Z�e�v�g�h�f�� �k�e�h�_�� �h�^�g�h�\�j�_�f�_�g�g�h�� �i�h��
�e�h�`�b�l�_�e�v�g�h���b���h�l�j�b�p�Z�l�_�e�v�g�u�_���]�j�m�i�i�u��[13]. 

�M�^�_�j�`�b�\�Z�g�b�_�� �g�b�l�j�Z�l�Z�� �\�h�a�j�Z�k�l�Z�e�h�� �i�j�b��
�m�\�_�e�b�q�_�g�b�b���k�h�^�_�j�`�Z�g�b�y���\�h�^�u���g�Z���\�k�_�o���g�_��
�i�h�^�\�b�`�g�u�o���n�Z�a�Z�o�����Z���o�e�h�j�b�^�Z���b�a�f�_�g�y�e�h�k�v��
�g�_�e�b�g�_�c�g�h�� ���j�b�k�� ���;���� �l�Z�[�e�� �������� �<�� �[�h�e�_�_�� �m�a��
�d�h�f���^�b�Z�i�Z�a�h�g�_���^�h�e�_�c���\�h�^�u�����h�l�����������^�h������������
�b�e�b���������� �h�[���������\���w�e�x�_�g�l�_���[�u�e�h���h�l�f�_�q�_�g�h��
�i�j�h�y�\�e�_�g�b�_�� �j�Z�k�i�j�_�^�_�e�b�l�_�e�v�g�h�]�h�� �f�_�o�Z��
�g�b�a�f�Z���m�^�_�j�`�b�\�Z�g�b�y���^�e�y���o�e�h�j�b�^�Z�����l�Z�[�e�� 2), 
�h�^�g�Z�d�h�� �i�j�b�� �^�Z�e�v�g�_�c�r�_�f�� �m�\�_�e�b�q�_�g�b�b�� �^�h��
20 �h�[������ �l�Z�d�`�_�� �g�Z�[�e�x�^�Z�e�b�� �j�h�k�l�� �n�Z�d�l�h�j�Z��
�m�^�_�j�`�b�\�Z�g�b�y�� ���j�b�k�� ���;������ �>�Z�g�g�u�c�� �l�j�_�g�^��
�g�Z�i�h�f�b�g�Z�_�l��U-�h�[�j�Z�a�g�m�x�� �d�j�b�\�m�x�� �i�_�j�_��
�o�h�^�Z���h�l���h�^�g�h�]�h���j�_�`�b�f�Z���o�j�h�f�Z�l�h�]�j�Z�n�b�b���d��
�^�j�m�]�h�f�m��[13,22]���� �<�h�a�j�Z�k�l�Z�g�b�_�� �m�^�_�j�`�b�\�Z��
�g�b�y���Z�g�b�h�g�h�\���k���m�\�_�e�b�q�_�g�b�_�f�� �^�h�e�b���\�h�^�u���\��
�w�e�x�_�g�l�_���k�\�y�a�Z�g�h���k���j�y�^�h�f���n�Z�d�l�h�j�h�\�����\�u�l�_��
�d�Z�x�s�b�o���b�a���\�e�b�y�g�b�y���Z�p�_�l�h�g�b�l�j�b�e�Z���g�Z���^�b��
�w�e�_�d�l�j�b�q�_�k�d�m�x�� �i�j�h�g�b�p�Z�_�f�h�k�l�v�� �k�j�_�^�u����
�d�h�g�k�l�Z�g�l�u�� �^�b�k�k�h�p�b�Z�p�b�b�� �b�� �b�h�g�g�h�]�h�� �h�[��
�f�_�g�Z���� �Z�� �l�Z�d�`�_�� �l�h�e�s�b�g�m�� �i�j�b�i�h�\�_�j�o�g�h�k�l��
�g�h�]�h���\�h�^�g�h�]�h���k�e�h�y�����M�f�_�g�v�r�_�g�b�_���k�h�^�_�j�`�Z��
�g�b�y�� �Z�p�_�l�h�g�b�l�j�b�e�Z�� �f�h�`�_�l�� �i�j�b�\�h�^�b�l�v�� �d��
�m�\�_�e�b�q�_�g�b�x�� �k�l�_�i�_�g�b�� �i�j�h�l�h�g�b�j�h�\�Z�g�b�y��
�i�_�j�\�b�q�g�u�o�����\�l�h�j�b�q�g�u�o���b���l�j�_�l�b�q�g�u�o���Z�f�b��
�g�h�]�j�m�i�i���k�h�j�[�_�g�l�h�\���a�Z���k�q�z�l���\�e�b�y�g�b�y���h�j�]�Z��
�g�b�q�_�k�d�h�]�h���j�Z�k�l�\�h�j�b�l�_�e�y���g�Z���b�o��pKa [21] �b����

 
�J�b�k�����������O�j�h�f�Z�l�h�]�j�Z�f�f�Z���f�h�^�_�e�v�g�h�c���k�f�_�k�b���k�_�f�b���g�_�h�j�]�Z�g�b�q�_�k�d�b�o���b�h�g�h�\���g�Z���d�h�e�h�g�d�_���I������

�M�k�e�h�\�b�y�������� �f�F���Z�f�f�h�g�b�c�g�h-�Z�p�_�l�Z�l�g�u�c���[�m�n�_�j�g�u�c���j�Z�k�l�\�h�j���j�G ���������K�G3�K�1�������������������� �h�[��������
�j�Z�a�f�_�j���d�h�e�h�g�d�b���������î�����f�f�����k�d�h�j�h�k�l�v���i�h�l�h�d�Z�������� �k�f3���f�b�g�����b�k�i�Z�j�b�l�_�e�v�g�u�c���^�_�l�_�d�l�h�j���i�h���k�\�_�l�h��

�j�Z�k�k�_�y�g�b�x�����D�h�g�p�_�g�l�j�Z�p�b�b���Z�g�Z�e�b�l�h�\�����.+ �± 60 �f�]���^�f3, Na+ �± 50 �f�]���^�f3, Li+ �± 30 �f�]���^�f3, 
Mg2+ �± 60 �f�]���^�f3, Ca2+ �± 120 �f�]���^�f3, NO3

- �± 500 �f�]���^�f3, Cl- �± 570 �f�]���^�f3. 
Fig. 3. The chromatogram of the model mixture of seven inorganic ions on the P2 column. Condi-

tions: 65 mM ammonium acetate buffer pH 4.7/CH3CN 15.4/84.6 v/v, column size 100×4 mm, flow 
rate 1.8 mL/min, evaporative light scattering detector. Analyte concentrations: K+ �± 60 mg/L, Na+ �± 

50 mg/L, Li+ �± 30 mg/L, Mg2+ �± 60 mg/L, Ca2+ �± 120 mg/L, NO3
- �± 500 mg/L, Cl- �± 570 mg/L. 
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�d�Z�d�� �k�e�_�^�k�l�\�b�_���� �\�h�a�j�Z�k�l�Z�g�b�x�� �k�b�e�u�� �i�j�b�l�y��
�`�_�g�b�y�� �Z�g�b�h�g�h�\���� �H�l�f�_�q�_�g�g�u�_�� �n�Z�d�l�h�j�u�� �\��
�j�_�a�m�e�v�l�Z�l�_�� �i�j�b�\�h�^�y�l�� �d�� �m�\�_�e�b�q�_�g�b�x��
�\�d�e�Z�^�Z�� �b�h�g�g�h�]�h�� �h�[�f�_�g�Z�� �\�� �m�^�_�j�`�b�\�Z�g�b�_����
�d�Z�d�� �[�u�e�h���i�h�d�Z�a�Z�g�h�� �^�e�y�� �Z�g�b�h�g�Z���i-�l�h�e�m�h�e��
�k�m�e�v�n�h�g�Z�l�Z�� �g�Z�� �k�b�e�b�d�Z�]�_�e�_���� �f�h�^�b�n�b�p�b�j�h��
�\�Z�g�g�h�f���w�j�_�f�h�f�b�p�b�g�h�f��[20]�����<�h�a�j�Z�k�l�Z�g�b�_��
�m�^�_�j�`�b�\�Z�g�b�y���g�b�l�j�Z�l�Z���\�h���\�k�z�f���j�Z�k�k�f�Z�l�j�b��
�\�Z�_�f�h�f���^�b�Z�i�Z�a�h�g�_���^�h�e�_�c���\�h�^�u���l�Z�d�`�_���h�[�m��
�k�e�h�\�e�_�g�h�� �_�]�h�� �[�h�e�v�r�_�c�� �]�b�^�j�h�n�h�[�g�h�k�l�v�x��
�i�h���k�j�Z�\�g�_�g�b�x���k���o�e�h�j�b�^�h�f��[13]�����<�_�j�h�y�l�g�h����
�\�� �j�Z�k�k�f�Z�l�j�b�\�Z�_�f�u�o�� �m�k�e�h�\�b�y�o�� �g�b�l�j�Z�l��
�m�^�_�j�`�b�\�Z�_�l�k�y�� �i�h�� �k�f�_�r�Z�g�g�h�f�m�� �f�_�o�Z��
�g�b�a�f�m���� �\�d�e�x�q�Z�x�s�_�f�m�� �b�h�g�g�u�c�� �h�[�f�_�g�� �b��
�Z�^�k�h�j�[�p�b�x. 

�L�Z�d�b�f�� �h�[�j�Z�a�h�f���� �a�Z�\�b�k�b�f�h�k�l�b���� �i�j�_�^��
�k�l�Z�\�e�_�g�g�u�_�� �g�Z�� �j�b�k�� ������ �g�Z�]�e�y�^�g�h�� �^�_�f�h�g��
�k�l�j�b�j�m�x�l�� �\�h�a�^�_�c�k�l�\�b�_�� �g�Z�� �k�_�e�_�d�l�b�\�g�h�k�l�v��
�j�Z�a�^�_�e�_�g�b�y���b�h�g�h�\���\�Z�j�v�b�j�h�\�Z�g�b�_�f���d�h�g�p�_�g��
�l�j�Z�p�b�b���[�m�n�_�j�g�h�]�h���j�Z�k�l�\�h�j�Z���b���^�h�e�b���\�h�^�u���\��
�i�h�^�\�b�`�g�h�c�� �n�Z�a�_�� �\�� �m�k�e�h�\�b�y�o�� �]�b�^�j�h�n�b�e�v��
�g�h�c�� �o�j�h�f�Z�l�h�]�j�Z�n�b�b���� �G�Z�� �h�k�g�h�\�Z�g�b�b�� �^�Z�g��
�g�u�o�� �l�j�_�g�^�h�\�� �\�h�a�f�h�`�_�g�� �\�u�[�h�j�� �m�k�e�h�\�b�c��
�w�d�k�i�j�_�k�k�g�h�]�h�� �j�Z�a�^�_�e�_�g�b�y�� �k�f�_�k�b�� �k�_�f�b�� �g�_��
�h�j�]�Z�g�b�q�_�k�d�b�o���d�Z�l�b�h�g�h�\���b���Z�g�b�h�g�h�\���g�Z���Z�f�b��
�g�b�j�h�\�Z�g�g�u�o���g�_�i�h�^�\�b�`�g�u�o���n�Z�a�Z�o�����j�b�k�� 3).  

�A�Z�d�e�x�q�_�g�b�_ 

�G�Z���q�_�l�u�j�z�o���g�_�i�h�^�\�b�`�g�u�o���n�Z�a�Z�o���g�Z���h�k��
�g�h�\�_�� �k�b�e�b�d�Z�]�_�e�y�� �b�� �i�h�e�b�k�l�b�j�h�e-�^�b�\�b��
�g�b�e�[�_�g�a�h�e�Z�� �k�� �i�j�_�h�[�e�Z�^�Z�x�s�b�f�b�� �Z�g�b�h�g�h��
�h�[�f�_�g�g�u�f�b���k�\�h�c�k�l�\�Z�f�b���m�k�l�Z�g�h�\�e�_�g�u���f�_��
�o�Z�g�b�a�f�u�� �m�^�_�j�`�b�\�Z�g�b�y�� �g�_�h�j�]�Z�g�b�q�_�k�d�b�o��
�Z�g�b�h�g�h�\���b���d�Z�l�b�h�g�h�\���\���m�k�e�h�\�b�y�o�����k�h�h�l�\�_�l��
�k�l�\�m�x�s�b�o���j�_�`�b�f�m���]�b�^�j�h�n�b�e�v�g�h�c���o�j�h�f�Z��
�l�h�]�j�Z�n�b�b���� �<�� �d�Z�q�_�k�l�\�_�� �i�h�^�\�b�`�g�h�c�� �n�Z�a�u��
�b�k�i�h�e�v�a�h�\�Z�e�b�� �k�f�_�k�v�� �Z�f�f�h�g�b�c�g�h-�Z�p�_�l�Z�l��
�g�h�]�h���\�h�^�g�h�]�h���[�m�n�_�j�g�h�]�h���j�Z�k�l�\�h�j�Z���j�G����������
�b�� �Z�p�_�l�h�g�b�l�j�b�e�Z���� �k�h�\�f�_�k�l�b�f�m�x�� �k�� �b�k�i�Z�j�b��
�l�_�e�v�g�u�f�� �^�_�l�_�d�l�h�j�h�f�� �i�h�� �k�\�_�l�h�j�Z�k�k�_�y�g�b�x����

�k�h�h�l�g�h�r�_�g�b�_���d�h�f�i�h�g�_�g�l�h�\���d�h�l�h�j�h�c���\�Z�j�v��
�b�j�h�\�Z�e�b�����;�u�e�h���i�h�d�Z�a�Z�g�h�����q�l�h���m�]�e�h�\�u�_���d�h��
�w�n�n�b�p�b�_�g�l�u���[�b�e�h�]�Z�j�b�n�f�b�q�_�k�d�h�c���a�Z�\�b�k�b��
�f�h�k�l�b��lg k�¶ �± lg C �^�e�y���Z�g�b�h�g�h�\���k�h�k�l�Z�\�e�y�e�b��
�h�l��-���������� �^�h��-���������� �i�j�b�� ���� �h�[������ �Z�p�_�l�h�g�b�l��
�j�b�e�Z���\���i�h�^�\�b�`�g�h�c���n�Z�a�_�����i�h�^�l�\�_�j�`�^�Z�y���k�m��
�s�_�k�l�\�_�g�g�u�c���\�d�e�Z�^���g�_�w�e�_�d�l�j�h�k�l�Z�l�b�q�_�k�d�b�o��
�\�a�Z�b�f�h�^�_�c�k�l�\�b�c���\���b�o���m�^�_�j�`�b�\�Z�g�b�_�����F�_�g�v��
�r�Z�y�� �]�b�^�j�h�n�b�e�v�g�h�k�l�v�� �g�b�l�j�Z�l�Z�� �i�h�� �k�j�Z�\�g�_��
�g�b�x���k���o�e�h�j�b�^�h�f���h�i�j�_�^�_�e�y�e�Z���_�]�h���f�_�g�v�r�b�_��
�n�Z�d�l�h�j�u���m�^�_�j�`�b�\�Z�g�b�y�����Z���l�Z�d�`�_���b�o���\�h�a�j�Z�k��
�l�Z�g�b�_���k���m�f�_�g�v�r�_�g�b�_�f���k�h�^�_�j�`�Z�g�b�y���Z�p�_�l�h��
�g�b�l�j�b�e�Z���\���w�e�x�_�g�l�_�����k�\�b�^�_�l�_�e�v�k�l�\�m�x�s�_�_���\��
�i�h�e�v�a�m���j�_�Z�e�b�a�Z�p�b�b���Z�^�k�h�j�[�p�b�b���\���^�h�i�h�e�g�_��
�g�b�_�� �d�� �b�h�g�g�h�f�m�� �h�[�f�_�g�m���� �>�e�y�� �o�e�h�j�b�^�Z��
�l�Z�d�`�_���[�u�e���h�l�f�_�q�_�g���\�d�e�Z�^���f�_�o�Z�g�b�a�f�Z���j�Z�k��
�i�j�_�^�_�e�_�g�b�y�����;�u�e�h���m�k�l�Z�g�h�\�e�_�g�h�����q�l�h���\�u�k�h��
�d�b�_���n�Z�d�l�h�j�u���m�^�_�j�`�b�\�Z�g�b�y���d�Z�l�b�h�g�h�\�����^�h������
�^�e�y��K+�����������^�e�y��Na+�����������^�e�y��Li+ �b���^�h�����������^�e�y��
Mg2+ �b���&�D2+ �g�Z���n�Z�a�Z�o���k���Z�g�b�h�g�h�h�[�f�_�g�g�u�f�b��
�k�\�h�c�k�l�\�Z�f�b���\���j�Z�k�k�f�Z�l�j�b�\�Z�_�f�u�o���m�k�e�h�\�b�y�o����
�i�h�e�m�q�_�g�u���a�Z���k�q�z�l���j�_�Z�e�b�a�Z�p�b�b���j�Z�k�i�j�_�^�_�e�b��
�l�_�e�v�g�h�]�h�� �f�_�o�Z�g�b�a�f�Z�� �m�^�_�j�`�b�\�Z�g�b�y���� �Z��
�l�Z�d�`�_�� �d�h�f�i�e�_�d�k�h�h�[�j�Z�a�h�\�Z�g�b�y�� �b�h�g�h�\�� �s�_��
�e�h�q�g�h�a�_�f�_�e�v�g�u�o �f�_�l�Z�e�e�h�\�� �k�� �^�h�g�h�j�g�u�f�b��
�Z�l�h�f�Z�f�b���\���n�m�g�d�p�b�h�g�Z�e�v�g�h�f���k�e�h�_���k�h�j�[�_�g��
�l�h�\�����H�^�g�h�\�j�_�f�_�g�g�Z�y���j�_�Z�e�b�a�Z�p�b�y���g�_�k�d�h�e�v��
�d�b�o�� �f�_�o�Z�g�b�a�f�h�\�� �m�^�_�j�`�b�\�Z�g�b�y�� �g�Z�� �]�b�^�j�h��
�n�b�e�v�g�u�o�� �g�_�i�h�^�\�b�`�g�u�o�� �n�Z�a�Z�o���� �k�h�^�_�j�`�Z��
�s�b�o���Z�f�b�g�h�]�j�m�i�i�u�����\���k�j�_�^�_���k���\�u�k�h�d�b�f���k�h��
�^�_�j�`�Z�g�b�y���Z�p�_�l�h�g�b�l�j�b�e�Z���^�Z�z�l���m�g�b�d�Z�e�v�g�m�x��
�\�h�a�f�h�`�g�h�k�l�v�� �h�i�j�_�^�_�e�_�g�b�y�� �g�_�h�j�]�Z�g�b�q�_��
�k�d�b�o�� �d�Z�l�b�h�g�h�\�� �b�� �Z�g�b�h�g�h�\�� �\�� �h�^�g�h�f�� �Z�g�Z��
�e�b�a�_�����q�l�h���g�_�\�h�a�f�h�`�g�h���\���\�h�^�g�h�c���k�j�_�^�_���� 

�D�h�g�n�e�b�d�l���b�g�l�_�j�_�k�h�\ 

�:�\�l�h�j�u�� �a�Z�y�\�e�y�x�l���� �q�l�h�� �m�� �g�b�o�� �g�_�l�� �b�a��
�\�_�k�l�g�u�o���n�b�g�Z�g�k�h�\�u�o���d�h�g�n�e�b�d�l�h�\���b�g�l�_�j�_��
�k�h�\�� �b�e�b�� �e�b�q�g�u�o�� �h�l�g�h�r�_�g�b�c���� �d�h�l�h�j�u�_��
�f�h�]�e�b�� �[�u�� �i�h�\�e�b�y�l�v�� �g�Z�� �j�Z�[�h�l�m���� �i�j�_�^�k�l�Z�\��
�e�_�g�g�m�x���\���w�l�h�c���k�l�Z�l�v�_�� 
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Abstract. Fluorine determination as part of elemental analysis is an important step for characterization of 
organofluorine compounds. The purpose of this study is to demonstrate the capabilities of combustion ion 
chromatography for the fluorine determination in the main composition of organic compounds.  
The objects of analysis are various fluoroaromatic compounds with fluorine in the range of 8-60%. Sample 
solutions for analysis were prepared by dissolving 0.5-3 mg samples in 10 ml of ethanol or hexane. To obtain 
reproducible results, if the fluorine content is 50% or higher, the sample weight should not exceed 1.5 mg. 
�7�K�H�Q�����������O���R�I���W�K�H���V�D�P�S�O�H���V�R�O�X�W�L�R�Q���Z�D�V���S�O�D�F�H�G���L�Q���D���V�D�P�S�O�H�U���E�R�D�W���D�Q�G���W�K�H�Q���L�Q�W�U�R�G�X�F�H�G���L�Q�W�R���W�K�H���3�$�&���$�Q�W�H�N���0�X�O��
tiTek combustion system. The sample was burned at 1050°C, the combustion products were absorbed with 
deionized water and analyzed by a Thermo Scientific Dionex Integrion HPIC ion chromatograph. A calibration 
curve was previously constructed using solutions prepared from pentafluorobenzoic acid (solvent �± ethanol, 
fluorine concentration range 10-110 mg/l). Fluorine content in 6 compounds under study was determined; the 
results were consistent with theoretically calculated values. Accuracy was verified by analyzing an organic 
substance with a certified fluorine content value (13.56%) �± 4-fluorobenzoic acid; precision was estimated by 
the relative standard deviation of 3-6 sample analysis results at three content levels �± 8.79, 17.35, and 59.35%. 
The relative standard deviation was in the range 0.09-2.6%. The detection limit and the limit of quantification 
of fluorine were 0.6 and 2.1 mg/l, respectively.  
Thus, the results presented in the work demonstrate the successful application of the combustion ion chroma-
tography method for determining fluorine in the main composition of organofluorine compounds with an ac-
curacy that meets the requirements of elemental organic analysis. The advantages of this method allow ex-
panding its application for determining other heteroelements (Cl, Br, I, S, Se) both separately and simultane-
ously. 
Keywords: organic elemental analysis, fluorine determination, combustion ion chromatography. 
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�k�l�Z�g�^�Z�j�l�h�\�� �b�k�i�h�e�v�a�h�\�Z�e�b�� �w�l�Z�g�h�e�� �������� �b��
�]�_�d�k�Z�g�����k�h�j�l������������-�n�l�h�j�[�_�g�a�h�c�g�Z�y���d�b�k�e�h�l�Z��
(OAS Certificate �‹���������������� �b�k�i�h�e�v�a�h�\�Z��
�e�Z�k�v���\���w�d�k�i�_�j�b�f�_�g�l�Z�o���i�h���h�p�_�g�d�_���i�j�Z�\�b�e�v��
�g�h�k�l�b�� �d�Z�d�� �k�l�Z�g�^�Z�j�l�g�u�c�� �h�[�j�Z�a�_�p�� �^�e�y�� �w�e�_��
�f�_�g�l�g�h�]�h���Z�g�Z�e�b�a�Z���k���Z�l�l�_�k�l�h�\�Z�g�g�u�f���a�g�Z�q�_��
�g�b�_�f�� �n�l�h�j�Z���± ���������������� �W�e�x�_�g�l�� �]�_�g�_�j�b�j�m��
�_�l�k�y���w�e�_�d�l�j�h�e�b�l�b�q�_�k�d�b���k���b�k�i�h�e�v�a�h�\�Z�g�b�_�f��
�^�_�b�h�g�b�a�h�\�Z�g�g�h�c�� �\�h�^�u�� �l�b�i�Z��I(18.2 
�F�H�f���k�f���� �b�� �]�b�^�j�h�d�k�b�^�Z�� �d�Z�e�b�y�� �b�a�� �d�Z�j�l�j�b��

�^�`�Z��Dionex EGC 500 KOH�����>�_�b�h�g�b�a�h�\�Z�g��
�g�Z�y���\�h�^�Z���l�Z�d�`�_���b�k�i�h�e�v�a�h�\�Z�e�Z�k�v���^�e�y���i�b�j�h��
�]�b�^�j�h�e�b�a�Z�� �b�� �i�h�]�e�h�s�_�g�b�y�� �i�j�h�^�m�d�l�h�\�� �k�]�h��
�j�Z�g�b�y���� �<�� �d�Z�q�_�k�l�\�_�� �h�[�t�_�d�l�h�\�� �Z�g�Z�e�b�a�Z�� �b�k��
�i�h�e�v�a�h�\�Z�e�b�k�v�� �k�h�_�^�b�g�_�g�b�y���� �k�b�g�l�_�a�b�j�h�\�Z�g��
�g�u�_�� �\�� �e�Z�[�h�j�Z�l�h�j�b�b�� �]�_�l�_�j�h�p�b�d�e�b�q�_�k�d�b�o��
�k�h�_�^�b�g�_�g�b�c�����k�h�_�^�b�g�_�g�b�y�������b���������b���\���e�Z�[�h��
�j�Z�l�h�j�b�b���]�Z�e�h�b�^�g�u�o���k�h�_�^�b�g�_�g�b�c�����k�h�_�^�b�g�_��
�g�b�y����-�������G�B�H�O���K�H���J�:�G�����b�o���k�l�j�m�d�l�m�j�u���b��
�k�h�^�_�j�`�Z�g�b�_�� �\�� �g�b�o�� �n�l�h�j�Z�� �i�j�_�^�k�l�Z�\�e�_�g�u�� �\��
�l�Z�[�e�b�p�_�� ������ �K�l�j�m�d�l�m�j�Z�� �b�� �q�b�k�l�h�l�Z�� �^�Z�g�g�u�o��
�\�_�s�_�k�l�\�� �i�j�h�\�_�j�_�g�Z�� �d�h�f�i�e�_�d�k�h�f�� �f�_�l�h�^�h�\��
�± �Y�F�J���� �J�K�:���� �f�Z�k�k-�k�i�_�d�l�j�h�f�_�l�j�b�b�� �\�u�k�h��
�d�h�]�h���j�Z�a�j�_�r�_�g�b�y�����l�Z�d�`�_���^�e�y���\�k�_�o���k�h�_�^�b�g�_��
�g�b�c���i�j�h�\�_�^�_�g���w�e�_�f�_�g�l�g�u�c �Z�g�Z�e�b�a�� 

�H�[�h�j�m�^�h�\�Z�g�b�_�� �<�a�\�_�r�b�\�Z�g�b�_���h�[�j�Z�a�p�h�\��
�i�j�h�\�h�^�b�e�h�k�v�� �g�Z�� �f�b�d�j�h�Z�g�Z�e�b�l�b�q�_�k�d�b�o�� �\�_��
�k�Z�o��Sartorius Cubis MSA36S-0CE-DH�����H�[��
�j�Z�[�h�l�d�m���j�Z�k�l�\�h�j�h�\���h�[�j�Z�a�p�Z���i�j�h�\�h�^�b�e�b���g�Z��
�m�e�v�l�j�Z�a�\�m�d�h�\�h�c���\�Z�g�g�_��TH-50B�����K�`�b�]�Z�g�b�_��
�i�j�h�[�� �i�j�h�\�h�^�b�e�b�� �k�� �i�h�f�h�s�v�x�� �k�b�k�l�_�f�u��
�k�`�b�]�Z�g�b�y��PAC Antek �0�X�O�W�L�7�H�N�����h�k�g�Z�s�_�g��
�g�h�c�� �k�Z�f�i�e�_�j�h�f�� �^�e�y�� �Z�\�l�h�f�Z�l�b�q�_�k�d�h�]�h��
�\�\�h�^�Z�� �i�j�h�[�u���� �:�g�Z�e�b�a�� �i�h�]�e�h�l�b�l�_�e�v�g�h�]�h��
�j�Z�k�l�\�h�j�Z���i�h�k�e�_���k�`�b�]�Z�g�b�y���h�[�j�Z�a�p�h�\���i�j�h�\�h��
�^�b�e�b���g�Z���b�h�g�g�h�f���o�j�h�f�Z�l�h�]�j�Z�n�_��Thermo Sci-
entific Dionex Integrion HPIC�����h�k�g�Z�s�_�g�g�h�f��
�Z�g�Z�e�b�l�b�q�_�k�d�h�c�� �d�h�e�h�g�d�h�c��AS11-HC-4µm 
(2×250 mm���� �b�� �i�j�_�^�d�h�e�h�g�d�h�c��AG11-HC-
4µm (2×50 mm). �G�_�i�h�^�\�b�`�g�Z�y���n�Z�a�Z���± �k�h�i�h��
�e�b�f�_�j�� �i�h�e�b�k�l�b�j�h�e�Z�� �b�� �^�b�\�b�g�b�e�[�_�g�a�h�e�Z�� �k��
�i�j�b�\�b�l�u�f�b�� �n�m�g�d�p�b�h�g�Z�e�v�g�u�f�b�� �l�_�l�j�Z�Z�e�d�Z��
�g�h�e�Z�f�f�h�g�b�_�\�u�f�b���]�j�m�i�i�Z�f�b�� 

�I�j�h�p�_�^�m�j�Z���Z�g�Z�e�b�a�Z�� �G�Z�\�_�k�d�b���b�k�k�e�_�^�m�_��
�f�u�o���\�_�s�_�k�l�\���f�Z�k�k�h�c��������-�����f�]���\�a�\�_�r�b�\�Z�e�b��
�\�� �k�l�_�d�e�y�g�g�u�_�� �n�e�Z�d�h�g�u�� �k�� �a�Z�\�b�g�q�b�\�Z�x��
�s�_�c�k�y�� �d�j�u�r�d�h�c�� �h�[�t�_�f�h�f�� �������k�f3���� �^�h�[�Z�\��
�e�y�e�b�� �������k�f3 �i�h�^�o�h�^�y�s�_�]�h�� �j�Z�k�l�\�h�j�b�l�_�e�y��
���w�l�Z�g�h�e�� �b�e�b�� �]�_�d�k�Z�g���� �b�� �h�[�j�Z�[�Z�l�u�\�Z�e�b�� �\��
�m�e�v�l�j�Z�a�\�m�d�h�\�h�c���\�Z�g�g�_����-�����f�b�g���^�h���i�h�e�g�h�]�h��
�j�Z�k�l�\�h�j�_�g�b�y���h�[�j�Z�a�p�Z�����:�e�b�d�\�h�l�m���i�h�e�m�q�_�g��
�g�h�]�h���j�Z�k�l�\�h�j�Z���h�[�t�_�f�h�f���������f�d�e���h�l�[�b�j�Z�e�b���\��
�e�h�^�h�q�d�m�� �k�Z�f�i�e�_�j�Z���� �a�Z�i�h�e�g�_�g�g�m�x�� �d�\�Z�j�p�_��
�\�h�c�� �\�Z�l�h�c���� �I�j�h�[�Z�� �\�\�h�^�b�e�Z�k�v�� �\�� �k�b�k�l�_�f�m��
�k�`�b�]�Z�g�b�y�� �b�� �k�]�h�j�Z�e�Z�� �i�j�b�� �l�_�f�i�_�j�Z�l�m�j�_��
1050�h�K���� �i�j�h�^�m�d�l�u�� �k�]�h�j�Z�g�b�y�� �\�f�_�k�l�_�� �k�� �i�Z��
�j�Z�f�b�� �\�h�^�u�� �k�h�[�b�j�Z�e�b�k�v�� �b�� �i�h�]�e�h�s�Z�e�b�k�v 



 

�K�h�j�[�p�b�h�g�g�u�_���b���o�j�h�f�Z�l�h�]�j�Z�n�b�q�_�k�d�b�_���i�j�h�p�_�k�k�u����������5�����L. 25�����‹��5. �K. 697-704. 
Sorbtsionnye i khromatograficheskie protsessy. 2025. Vol. 25, No 5. pp. 697-704. 
 
ISSN 1680-0613_____________________________________________________________ 

 

 

 
 

700 

�j�Z�k�l�\�h�j�h�f���k�d�j�m�[�[�_�j�Z�����d�h�l�h�j�u�c���i�j�_�^�k�l�Z�\��
�e�y�_�l�� �k�h�[�h�c�� �k�l�_�d�e�y�g�g�u�c�� �k�h�k�m�^�� �h�[�t�_�f�h�f 
20 �k�f3�����a�Z�i�h�e�g�_�g�g�u�c���^�_�b�h�g�b�a�h�\�Z�g�g�h�c���\�h��
�^�h�c�����I�h�e�m�q�_�g�g�u�c���j�Z�k�l�\�h�j���Z�\�l�h�f�Z�l�b�q�_�k�d�b��
�i�h�k�l�m�i�Z�e�� �\�� �b�h�g�g�u�c�� �o�j�h�f�Z�l�h�]�j�Z�n���� �H�[�s�_�_��
�\�j�_�f�y���Z�g�Z�e�b�a�Z�����\�d�e�x�q�Z�x�s�_�_���k�l�Z�^�b�x���k�`�b��
�]�Z�g�b�y�� �b���h�i�j�_�^�_�e�_�g�b�y�� �n�l�h�j�Z�� �g�Z�� �b�h�g�g�h�f��
�o�j�h�f�Z�l�h�]�j�Z�n�_���� �k�h�k�l�Z�\�e�y�e�h�� ������ �f�b�g�m�l����
�K�o�_�f�Z�� �i�j�b�[�h�j�Z�� �i�j�_�^�k�l�Z�\�e�_�g�Z�� �g�Z�� �j�b�k. 1. 
�K�l�Z�^�b�b�� �j�Z�[�h�l�u�� �k�b�k�l�_�f�u�� �k�`�b�]�Z�g�b�y�� �i�j�_�^��
�k�l�Z�\�e�_�g�u���\���l�Z�[�e�b�p�_���������J�Z�[�h�q�b�_���i�Z�j�Z�f�_�l�j�u��
�k�b�k�l�_�f�u�� �k�`�b�]�Z�g�b�y�� �b�� �b�h�g�g�h�]�h�� �o�j�h�f�Z�l�h��
�]�j�Z�n�Z���i�j�_�^�k�l�Z�\�e�_�g�u���\���l�Z�[�e�b�p�_������ 

�J�_�Z�d�p�b�y���]�h�j�_�g�b�y�� 
R-F + H2O + O2 �:�� HF + CO2 + H2O (+ SeOx 
+NOy �i�j�b���g�Z�e�b�q�b�b���\���k�h�k�l�Z�\�_��Se �b��N) 

�H�[�k�m�`�^�_�g�b�_���j�_�a�m�e�v�l�Z�l�h�\ 

�J�Z�[�h�q�b�_���i�Z�j�Z�f�_�l�j�u���k�b�k�l�_�f�u���k�`�b�]�Z�g�b�y��
�[�u�e�b���\�u�[�j�Z�g�u���\���k�h�h�l�\�_�l�k�l�\�b�b���k���j�_�d�h�f�_�g��
�^�Z�p�b�y�f�b�� �i�j�h�b�a�\�h�^�b�l�_�e�y�� �^�e�y�� �Z�g�Z�e�b�a�Z�� �h�[��
�j�Z�a�p�h�\���h�j�]�Z�g�b�q�_�k�d�b�o���k�h�_�^�b�g�_�g�b�c�����\���q�Z�k�l��
�g�h�k�l�b�����g�_�n�l�_�i�j�h�^�m�d�l�h�\�������M�k�e�h�\�b�y���b�h�g�g�h��
�o�j�h�f�Z�l�h�]�j�Z�n�b�q�_�k�d�h�]�h���Z�g�Z�e�b�a�Z���i�h�^�h�[�j�Z�g�u��
�l�Z�d�b�f�� �h�[�j�Z�a�h�f���� �q�l�h�[�u�� �^�h�[�b�l�v�k�y�� �h�i�l�b��
�f �Z�e�v�g�h�]�h�� �j�Z�a�j�_�r�_�g�b�y�� ���k�l�_�i�_�g�v�� �j�Z�a�j�_�r�_��
�g�b�y��Rs�!�������i�b�d�h�\���n�l�h�j�b�^�h�\���b���^�j�m�]�b�o���Z�g�b�h��
�g�h�\���� �d�h�l�h�j�u�_�� �f�h�]�m�l�� �i�j�b�k�m�l�k�l�\�h�\�Z�l�v�� �\��
�i�j�h�[�_���� �D�j�h�f�_���l�h�]�h���� �\�� �i�h�^�h�[�j�Z�g�g�u�o���m�k�e�h��
�\�b�y�o�� �\ �i�_�j�k�i�_�d�l�b�\�_�� �\�h�a�f�h�`�g�h�� �h�i�j�_�^�_�e�_��
�g�b�_���b���^�j�m�]�b�o���Z�g�b�h�g�h�\�� 

�L�Z�[�e�b�p�Z���������K�l�j�m�d�l�m�j�u���b�k�k�e�_�^�m�_�f�u�o���k�h�_�^�b�g�_�g�b�c 
Table 1. Structures of the studied compounds 

 
�I�_�g�l�Z�n�l�h�j�[�_�g�a�h�c�g�Z�y���d�b�k�e�h�l�Z�����k�l�Z�g�^�Z�j�l�g�h�_���\�_��

�s�_�k�l�\�h���^�e�y���]�j�Z�^�m�b�j�h�\�d�b�� %F=44.79% 

 
4-�n�l�h�j�[�_�g�a�h�c�g�Z�y���d�b�k�e�h�l�Z�����k�l�Z�g�^�Z�j�l�g�h�_��
�\�_�s�_�k�l�\�h���^�e�y���i�j�h�\�_�j�d�b���i�j�Z�\�b�e�v�g�h�k�l�b�� 

%F = 13.56% 

 
�K�h�_�^�b�g�_�g�b�_��1  

%F=8.79% 

 
�K�h�_�^�b�g�_�g�b�_��2 
%F=17.35% 

 
�K�h�_�^�b�g�_�g�b�_��3 
%F=52.96% 

 

 
 

�K�h�_�^�b�g�_�g�b�_��4 
%F=53.50% 

 

 
 

�K�h�_�^�b�g�_�g�b�_��5 
%F=59.35% 

 

 
�J�b�k�����������K�o�_�f�Z�l�b�q�g�h�_���m�k�l�j�h�c�k�l�\�h���b�h�g�g�h�]�h���o�j�h�f�Z�l�h�]�j�Z�n�Z���k���k�b�k�l�_�f�h�c���k�`�b�]�Z�g�b�y 

Fig. 1. Schematic diagram of an ion chromatograph with a combustion system 
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�=�j�Z�^�m�b�j�h�\�h�q�g�m�x���a�Z�\�b�k�b�f�h�k�l�v���k�l�j�h�b�e�b��
�i�m�l�_�f�� �Z�g�Z�e�b�a�Z�� �j�Z�k�l�\�h�j�h�\�� �i�_�g�l�Z�n�l�h�j�[�_�g��
�a�h�c�g�h�c���d�b�k�e�h�l�u���\���w�l�Z�g�h�e�_�����=�j�Z�^�m�b�j�h�\�h�q��
�g�u�_ �j�Z�k�l�\�h�j�u�� �i�j�h�o�h�^�b�e�b�� �l�_�� �`�_�� �k�l�Z�^�b�b��
�Z�g�Z�e�b�a�Z�����q�l�h���b���b�k�k�e�_�^�m�_�f�u�_���h�[�j�Z�a�p�u�����q�l�h��
�i�h�a�\�h�e�b�e�h�� �m�q�_�k�l�v�� �j�Z�a�[�Z�\�e�_�g�b�_�� �i�j�h�[�� �\��
�i�j�h�p�_�k�k�_�� �k�`�b�]�Z�g�b�y���� �J�Z�k�l�\�h�j�� �i�_�g�l�Z�n�l�h�j��
�[�_�g�a�h�c�g�h�c���d�b�k�e�h�l�u���k���k�h�^�_�j�`�Z�g�b�_�f���n�l�h�j�Z��

�������b�����������f�]���^�f3 �]�h�l�h�\�b�e�b���i�m�l�_�f���j�Z�k�l�\�h�j�_��
�g�b�y�� �k�h�h�l�\�_�l�k�l�\�m�x�s�_�c�� �g�Z�\�_�k�d�b�� �\�� �������k�f3 
�w�l�Z�g�h�e�Z���� �j�Z�k�l�\�h�j�u�� �k�� �k�h�^�_�j�`�Z�g�b�_�f�� �n�l�h�j�Z��
�������b���������f�]���^�f3 �]�h�l�h�\�b�e�b���j�Z�a�[�Z�\�e�_�g�b�_�f���j�Z�k��
�l�\�h�j�Z�� �������� �f�]���^�f3���� �I�h�e�m�q�_�g�g�Z�y�� �]�j�Z�^�m�b�j�h��
�\�h�q�g�Z�y���a�Z�\�b�k�b�f�h�k�l�v���i�j�_�^�k�l�Z�\�e�_�g�Z���g�Z���j�b�k. 2. 
�:�g�Z�e�b�l�b�q�_�k�d�Z�y �h�[�e�Z�k�l�v�� ����-�������� �f�]���^�f3 F, 

�L�Z�[�e�b�p�Z���������K�l�Z�^�b�b���j�Z�[�h�l�u���k�b�k�l�_�f�u���k�`�b�]�Z�g�b�y 
Table �������Hperation stages of combustion system  
�<�j�_�f�y�����f�f���k�k �K�l�Z�^�b�y 

00:00 �G�Z�i�h�e�g�_�g�b�_���k�d�j�m�[�[�_�j�Z���^�_�b�h�g�b�a�h�\�Z�g�g�h�c���\�h�^�h�c 
01:40 �G�Z�q�Z�e�h���k�l�Z�^�b�b���k�`�b�]�Z�g�b�y�����i�h�^�Z�q�Z���^�_�b�h�g�b�a�h�\�Z�g�g�h�c���\�h�^�u���\���i�b�j�h�l�j�m�[�d�m 
02:45 �<�\�h�^���i�j�h�[�u���\���i�_�q�v 

06:10 �H�[�j�Z�l�g�u�c���o�h�^���e�h�^�h�q�d�b���b�a���i�_�q�b�����i�j�_�d�j�Z�s�_�g�b�_���i�h�^�Z�q�b���^�_�b�h�g�b�a�h�\�Z�g�g�h�c���\�h�^�u��
�\���i�b�j�h�l�j�m�[�d�m 

06:55 �I�h�^�Z�q�Z���i�j�h�[�u���g�Z���b�h�g�g�u�c���o�j�h�f�Z�l�h�]�j�Z�n 

07:35 �A�Z�i�m�k�d�� �Z�g�Z�e�b�a�Z�� �g�Z�� �b�h�g�g�h�f�� �o�j�h�f�Z�l�h�]�j�Z�n�_���� �i�h�^�Z�q�Z�� �h�k�l�Z�\�r�_�]�h�k�y�� �j�Z�k�l�\�h�j�Z�� �g�Z��
�k�e�b�\ 

08:00 �I�j�h�f�u�\�Z�g�b�_���k�b�k�l�_�f�u���������p�b�d�e�Z�� 
20:00 �D�h�g�_�p���j�Z�[�h�l�u 

 

�L�Z�[�e�b�p�Z���������M�k�e�h�\�b�y���Z�g�Z�e�b�a�Z 
Table 3. Analysis conditions 

�K�b�k�l�_�f�Z���k�`�b�]�Z�g�b�y 
�L�_�f�i�_�j�Z�l�m�j�Z���i�_�q�b�����h�K 1050  

�K�d�h�j�h�k�l�v���i�h�l�h�d�Z��Ar ���g�h�k�b�l�_�e�v�������k�f3���f�b�g 115  
�K�d�h�j�h�k�l�v���i�h�l�h�d�Z���H2 ���\���i�b�j�h�l�j�m�[�d�m�������k�f3���f�b�g 450 

�K�d�h�j�h�k�l�v���i�h�l�h�d�Z���H2 ���g�h�k�b�l�_�e�v�������k�f3���f�b�g 30 
�<�j�_�f�y���k�l�Z�^�b�b���k�`�b�]�Z�g�b�y�����f�b�g 5 

�B�h�g�g�u�c���o�j�h�f�Z�l�h�]�j�Z�n 
�W�e�x�_�g�l�����j�_�`�b�f���w�e�x�b�j�h�\�Z�g�b�y�� �������f�F���D�H�G�����b�a�h�d�j�Z�l�b�q�_�k�d�b�c�� 

�K�d�h�j�h�k�l�v���i�h�l�h�d�Z���w�e�x�_�g�l�Z�����k�f3���f�b�g 0.350 
�L�_�f�i�_�j�Z�l�m�j�Z���l�_�j�f�h�k�l�Z�l�Z���d�h�e�h�g�d�b�����h�K 30 

�>�_�l�_�d�l�h�j �d�h�g�^�m�d�l�h�f�_�l�j�b�q�_�k�d�b�c���k���i�h�^�Z�\�e�_��
�g�b�_�f���n�h�g�h�\�h�]�h���k�b�]�g�Z�e�Z 

�H�[�t�_�f���i�_�l�e�b�����f�d�e 25 
�<�j�_�f�y���Z�g�Z�e�b�a�Z�����f�b�g 12 

 

 
�J�b�k�����������=�j�Z�^�m�b�j�h�\�h�q�g�Z�y �a�Z�\�b�k�b�f�h�k�l�v�����^�b�Z�i�Z�a�h�g���d�h�g�p�_�g�l�j�Z�p�b�c��F 10-���������f�]���^�f3 

Fig. 2. Calibration curve, concentration range F 10 �± 110 mg/l 



 

�K�h�j�[�p�b�h�g�g�u�_���b���o�j�h�f�Z�l�h�]�j�Z�n�b�q�_�k�d�b�_���i�j�h�p�_�k�k�u����������5�����L. 25�����‹��5. �K. 697-704. 
Sorbtsionnye i khromatograficheskie protsessy. 2025. Vol. 25, No 5. pp. 697-704. 
 
ISSN 1680-0613_____________________________________________________________ 

 

 

 
 

702 

�]�j�Z�^�m�b�j�h�\�h�q�g�u�c �]�j�Z�n�b�d���e�b�g�_�_�g���\���w�l�h�c���h�[��
�e�Z�k�l�b���� �M�j�Z�\�g�_�g�b�_�� �]�j�Z�^�m�b�j�h�\�h�q�g�h�c�� �a�Z�\�b��
�k�b�f�h�k�l�b��S(µS�Âmin) = 0.0024 C���f�]���^�f3�������d�h��
�w�n�n�b�p�b�_�g�l���d�h�j�j�_�e�y�p�b�b��R2=0.9999. 

�F�Z�k�k�Z���g�Z�\�_�k�h�d���a�Z�\�b�k�b�l���h�l���i�j�_�^�i�h�e�Z�]�Z��
�_�f�h�]�h�� �k�h�^�_�j�`�Z�g�b�y�� �n�l�h�j�Z�� �\�� �b�k�k�e�_�^�m�_�f�h�f��

�k�h�_�^�b�g�_�g�b�b���� �<�� �k�e�m�q�Z�_�� �\�u�k�h�d�b�o�� �k�h�^�_�j�`�Z��
�g�b�c�� ���������� �b�� �[�h�e�_�_���� �g�Z�\�_�k�d�Z�� �^�h�e�`�g�Z�� �[�u�l�v��
�g�_���[�h�e�_�_����-���������f�]�����q�l�h�[�u���i�h�e�m�q�_�g�g�u�_���d�h�g��
�p�_�g�l�j�Z�p�b�b���n�l�h�j�Z���g�Z�o�h�^�b�e�b�k�v���i�j�b�f�_�j�g�h���\��
�k�_�j�_�^�b�g�_�� �^�b�Z�i�Z�a�h�g�Z�� �]�j�Z�^�m�b�j�h�\�h�q�g�h�c�� �a�Z��
�\�b�k�b�f�h�k�l�b�� �b�� �i�h�e�m�q�Z�e�b�k�v�� �\�h�k�i�j�h�b�a�\�h�^�b��

 
�J�b�k�����������O�j�h�f�Z�l�h�]�j�Z�f�f�u�����i�h�e�m�q�_�g�g�u�_���i�j�b���Z�g�Z�e�b�a�_���k�h�_�^�b�g�_�g�b�y��2 ���q�_�j�g�Z�y���k�i�e�h�r�g�Z�y�����b���o�h��

�e�h�k�l�h�]�h���h�i�u�l�Z�����k�_�j�Z�y���i�m�g�d�l�b�j�g�Z�y�� 
Fig. 3. Chromatograms obtained from the analysis of compound 2 (solid black) and a blank ex-

periment (dotted gray) 
 

�L�Z�[�e�b�p�Z���������J�_�a�m�e�v�l�Z�l�u���h�i�j�_�^�_�e�_�g�b�y���n�l�h�j�Z���\���b�k�k�e�_�^�m�_�f�u�o���k�h�_�^�b�g�_�g�b�y�o�����J� ���������� 
Table 4. Results of determination of fluorine in the studied compounds 

�<�_�s�_�k�l�\�h %F�j�Z�k�k�q�b�l�Z�g�h %F�g�Z�c�^�_�g�h %F�k�j�_�^�g�_�_ �K�D�H �H�K�D�H �û�^�h�\ �_�û�Z�[�k| 

4-�n�l�h�j�[�_�g��
�a�h�c�g�Z�y���d�b�k��

�e�h�l�Z 
13.56 

13.42 

13.6 0.225 1.7 ±0.2 0.04 

13.73 
13.68 
13.86 
13.24 
13.54 

1 8.79 

9.04 

8.9 0.234 2.6 ±0.2 0.11 

8.47 
9.06 
9.08 
9.00 
8.84 

2 17.35 

17.22 

17.4 0.258 1.5 ±0.3 0.05 

17.76 
17.13 
17.67 
17.42 
17.24 

3 52.96 52.74 52.74 - - - 0.22 

4 53.50 
53.68 

53.68 0.050 0.09 ±0.12 0.18 53.73 
53.63 

5 59.35 
59.81 

59.5 0.310 0.52 ±0.8 0.15 59.25 
59.30 
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�f�u�_���j�_�a�m�e�v�l�Z�l�u�����<���k�e�m�q�Z�_�����d�h�]�^�Z���k�h�^�_�j�`�Z��
�g�b�_���n�l�h�j�Z���f�_�g�_�_�������������^�h�i�m�k�l�b�f�u���g�Z�\�_�k�d�b��
�h�d�h�e�h����-�����f�]���� 

�<���^�Z�g�g�h�f���b�k�k�e�_�^�h�\�Z�g�b�b���^�e�y���j�Z�k�l�\�h�j�_��
�g�b�y�� �i�_�g�l�Z�n�l�h�j�[�_�g�a�h�c�g�h�c���� ��-�n�l�h�j�[�_�g�a�h�c��
�g�h�c���d�b�k�e�h�l�����Z���l�Z�d�`�_���k�h�_�^�b�g�_�g�b�c�������b�������b�k��
�i�h�e�v�a�h�\�Z�e�k�y���w�l�Z�g�h�e�����^�e�y���k�h�_�^�b�g�_�g�b�c����-5 �± 
�]�_�d�k�Z�g���� �I�_�j�_�^�� �b�k�i�h�e�v�a�h�\�Z�g�b�_�f�� �^�Z�g�g�u�o��
�j�Z�k�l�\�h�j�b�l�_�e�_�c�� �i�j�h�\�h�^�b�e�b�� �b�o�� �Z�g�Z�e�b�a�� �b��
�k�j�Z�\�g�_�g�b�_�� �k�� �j�_�a�m�e�v�l�Z�l�h�f�� �o�h�e�h�k�l�h�]�h��
�h�i�u�l�Z�����d�h�]�^�Z���\���k�b�k�l�_�f�m���k�`�b�]�Z�g�b�y���g�_���\�\�h��
�^�b�l�k�y�� �g�b�d�Z�d�h�c�� �h�[�j�Z�a�_�p�� �b�� �h�g�Z�� �j�Z�[�h�l�Z�_�l��
�\�o�h�e�h�k�l�m�x���� �I�b�d�b�� �n�l�h�j�b�^�Z�� �\�� �o�h�e�h�k�l�h�f��
�h�i�u�l�_�����]�_�d�k�Z�g�_ �b���w�l�Z�g�h�e�_���g�Z�o�h�^�y�l�k�y���g�Z���h�^��
�g�h�f�� �m�j�h�\�g�_���� �Z�� �a�g�Z�q�b�l���� �i�j�_�^�_�e�� �h�[�g�Z�j�m�`�_��
�g�b�y�� �h�i�j�_�^�_�e�y�_�l�k�y�� �k�h�^�_�j�`�Z�g�b�_�f�� �n�l�h�j�Z�� �\��
�o�h�e�h�k�l�h�f�� �h�i�u�l�_���� �d�h�l�h�j�u�c�� �\�d�e�x�q�Z�_�l �\��
�k�_�[�y���k�h�^�_�j�`�Z�g�b�_���n�l�h�j�b�^�Z���\���i�h�]�e�h�l�b�l�_�e�v��
�g�h�f���j�Z�k�l�\�h�j�_�����^�_�b�h�g�b�a�h�\�Z�g�g�Z�y���\�h�^�Z�������\�h�a��
�f�h�`�g�u�_�� �i�j�b�f�_�k�b�� �n�l�h�j�Z�� �\�� �b�k�i�h�e�v�a�m�_�f�u�o��
�]�Z�a�Z�o�� ���Z�j�]�h�g���� �d�b�k�e�h�j�h�^������ �Z�� �l�Z�d�`�_�� �n�l�h�j����
�k�h�j�[�b�j�m�x�s�b�c�k�y�� �g�Z�� �\�g�m�l�j�_�g�g�b�o�� �i�h�\�_�j�o��
�g�h�k�l�y�o�� �i�b�j�h�l�j�m�[�d�b�� �b�� �k�d�j�m�[�[�_�j�Z�� �i�h�k�e�_��
�Z�g�Z�e�b�a�Z�� �h�[�j�Z�a�p�h�\�� �k�� �\�u�k�h�d�b�f�� �k�h�^�_�j�`�Z��
�g�b�_�f���n�l�h�j�Z�����I�j�_�^�_�e���h�[�g�Z�j�m�`�_�g�b�y���k�h�k�l�Z�\��
�e�y�_�l�� �������� �f�]���^�f3���� �i�j�_�^�_�e�� �d�h�e�b�q�_�k�l�\�_�g�g�h�]�h��
�h�i�j�_�^�_�e�_�g�b�y���± ���������f�]���^�f3�����G�Z�b�[�h�e�_�_���[�e�b�a��
�d�Z�y���d���g�Z�r�_�c���f�_�l�h�^�b�d�Z���h�i�j�_�^�_�e�_�g�b�y���n�l�h�j�Z��
�\�� �`�b�^�d�b�o�� �g�_�n�l�_�i�j�h�^�m�d�l�Z�o�� �f�_�l�h�^�h�f�� �b�h�g��
�g�h�c�� �o�j�h�f�Z�l�h�]�j�Z�n�b�b�� �k�`�b�]�Z�g�b�y�� �>���@�� �b�f�_�_�l��
�i�j�_�^�_�e�� �h�[�g�Z�j�m�`�_�g�b�y�� �������� �f�]���d�]���� �q�l�h�� �k�h�h�l��
�g�h�k�b�l�k�y�� �k�� �i�j�_�^�_�e�h�f�� �h�[�g�Z�j�m�`�_�g�b�y�� �g�Z�r�_�c��
�f�_�l�h�^�b�d�b�� 

�;�u�e�h���i�j�h�\�_�^�_�g�h���h�i�j�_�^�_�e�_�g�b�_���k�h�^�_�j�`�Z��
�g�b�y�� �n�l�h�j�Z�� �\�� �i�y�l�b�� �b�k�k�e�_�^�m�_�f�u�o�� �k�h�_�^�b�g�_��
�g�b�y�o�����Z���l�Z�d�`�_���\����-�n�l�h�j�[�_�g�a�h�c�g�h�c���d�b�k�e�h�l�_��
�^�e�y�� �h�p�_�g�d�b�� �i�j�Z�\�b�e�v�g�h�k�l�b�� �Z�g�Z�e�b�a�Z���� �>�e�y��
�d�Z�`�^�h�]�h���b�a���k�h�_�^�b�g�_�g�b�c�����a�Z���b�k�d�e�x�q�_�g�b�_�f��
�k�h�_�^�b�g�_�g�b�y�� ���� �\�\�b�^�m�� �g�_�^�h�k�l�Z�l�h�q�g�h�]�h�� �d�h��
�e�b�q�_�k�l�\�Z���\�_�s�_�k�l�\�Z�����i�j�_�^�h�k�l�Z�\�e�_�g�g�h�]�h���^�e�y��
�Z�g�Z�e�b�a�Z���� �i�j�h�\�h�^�b�e�h�k�v�� �i�h�� ��-���� �i�Z�j�Z�e�e�_�e�v��
�g�u�o�� �h�i�j�_�^�_�e�_�g�b�c���� �I�j�b�f�_�j�u�� �i�h�e�m�q�_�g�g�u�o��
�o�j�h�f�Z�l�h�]�j�Z�f�f�� �i�j�_�^�k�l�Z�\�e�_�g�u�� �g�Z�� �j�b�k���� ������

�J�_�a�m�e�v�l�Z�l�u�� �d�h�e�b�q�_�k�l�\�_�g�g�h�]�h�� �h�i�j�_�^�_�e�_��
�g�b�y���i�j�_�^�k�l�Z�\�e�_�g�u���\���l�Z�[�e�b�p�_���������h�g�b���k�h�]�e�Z��
�k�m�x�l�k�y���k���j�Z�k�k�q�b�l�Z�g�g�u�f�b���a�g�Z�q�_�g�b�y�f�b���k�h��
�^�_�j�`�Z�g�b�y���n�l�h�j�Z�����:�l�l�_�k�l�h�\�Z�g�g�h�_���a�g�Z�q�_�g�b�_��
�n�l�h�j�Z�� �\�� ��-�n�l�h�j�[�_�g�a�h�c�g�h�c�� �d�b�k�e�h�l�_�� �i�h�i�Z��
�^�Z�_�l���\���^�h�\�_�j�b�l�_�e�v�g�u�c���b�g�l�_�j�\�Z�e�����k�e�_�^�h�\�Z��
�l�_�e�v�g�h���� �g�b�d�Z�d�b�o�� �k�b�k�l�_�f�Z�l�b�q�_�k�d�b�o�� �i�h��
�]�j�_�r�g�h�k�l�_�c���g�_���g�Z�[�e�x�^�Z�_�l�k�y�����I�j�_�p�b�a�b�h�g��
�g�h�k�l�v�� �h�p�_�g�b�\�Z�e�Z�k�v�� �h�l�g�h�k�b�l�_�e�v�g�u�f�� �k�l�Z�g��
�^�Z�j�l�g�u�f�� �h�l�d�e�h�g�_�g�b�_�f�� ��-���� �j�_�a�m�e�v�l�Z�l�h�\��
�Z�g�Z�e�b�a�Z���h�[�j�Z�a�p�h�\���g�Z���l�j�_�o���m�j�h�\�g�y�o���k�h�^�_�j��
�`�Z�g�b�c���± ������������ ������������ �b�� ���������������� �H�l�g�h�k�b��
�l�_�e�v�g�h�_���k�l�Z�g�^�Z�j�l�g�h�_���h�l�d�e�h�g�_�g�b�_���g�Z�o�h�^�b��
�e�h�k�v���\���^�b�Z�i�Z�a�h�g�_����������-2.6%.  

�A�Z�d�e�x�q�_�g�b�_ 

�I�j�_�^�k�l�Z�\�e�_�g�g�u�_�� �\�� �j�Z�[�h�l�_�� �j�_�a�m�e�v�l�Z�l�u��
�^�_�f�h�g�k�l�j�b�j�m�x�l�� �m�k�i�_�r�g�h�_�� �i�j�b�f�_�g�_�g�b�_��
�f�_�l�h�^�Z���b�h�g�g�h�c���o�j�h�f�Z�l�h�]�j�Z�n�b�b���k�`�b�]�Z�g�b�y��
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Abstract. Yttrium-90 is a promising radionuclide generator used for therapeutic purposes. At present, the most 
important aspect of the development of yttrium-90-based drugs is the achievement of a high radionuclidic 
purity. This study is aimed at developing a method for the production of high-purity yttrium-90 solutions from 
a mixture with the parent radionuclide, strontium-90 (90Sr/90Y generator) by solid-phase extraction. To obtain 
a solid-phase extractant, the original polymer matrix OASIS-HLB was impregnated with di(2-ethylhexyl)phos-
phoric acid. The sorption characteristics of HLB-HDEHP and commercially available solid-phase extractant 
TK221 were studied under static conditions: the mass distribution coefficients of radionuclides (Dg) in hydro-
chloric acid media were determined. The obtained data confirmed that the HLB-HDEHP solid-phase extractant 
could be used for 90Sr/90Y separation. Under static conditions, there was high sorption of yttrium-90 in weak 
acidic media (<0.3 M HCl), while strontium-90 did not adsorb onto the resin over the entire concentration 
range. In the case of TK221, effective adsorption of yttrium-90 was achieved at the concentrations of hydro-
chloric acid of 2 M and above. According to the results of the study it is possible to use TK221 solid-phase 
extractant for the second stage of separation. When experiments were conducted in a dynamic mode, the de-
sorption of yttrium-90 with a solution of 5.0 M HCl with HLB-HDEHP was 94±4%. During TK221 elution 
with 0.1 M HCl, the highest yield of yttrium-90 was 91±4%. It was shown that using 1 M sodium acetate buffer 
solution (pH 4.5) and 1 M ammonium acetate solution as eluents for TK221 is ineffective for the desorption of 
yttrium-90. The results of the experiment allowed us to propose a technology for sequential separation of a 
90Sr/90Y mixture in columns with HLB-HDEHP and TK221. The yield of the target radionuclide by this sepa-
ration method reached 91%. The radionuclide impurity of strontium-90 in the prepared solutions was moni-
tored by liquid scintillation counting, which allowed determining the allowable Pharmacopoeia impurity of the 
parent radionuclide (<0.001%). We assessed the suitability of yttrium-90 solutions obtained by the developed 
method for the synthesis of radiopharmaceuticals. Using the example of the DOTA-TATE and PSMA-617 
vector molecules, it was shown that incorporating the radionuclide into the structure of molecules is highly 
effective: according to the results of high-performance liquid chromatography the radiochemical purity of the 
preparations was over 98%. 
Keywords: yttrium-90, separation of radionuclides, solid-phase extraction, radiopharmaceuticals, HPLC 
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�j�Z�k�l�\�h�j�_���b�l�l�j�b�y-�������[�u�e�h���\�u�i�h�e�g�_�g�h���k���i�h��
�f�h�s�v�x���k�i�_�d�l�j�h�f�_�l�j�b�q�_�k�d�h�]�h���j�Z�^�b�h�f�_�l�j�Z��
�Z�e�v�n�Z���[�_�l�Z�� �b�a�e�m�q�_�g�b�y��Quantulus 1220 

(PerkinElmer Life Sciences/Wallac Oy, 
�N�b�g�e�y�g�^�b�y���� �f�_�l�h�^�h�f�� �`�b�^�d�h�k�l�g�h�c�� �k�p�b�g��
�l�b�e�e�y�p�b�h�g�g�h�c�� �k�i�_�d�l�j�h�f�_�l�j�b�b�� ���@�K�K������
�>�e�y�� �j�Z�^�b�h�f�_�l�j�b�q�_�k�d�h�]�h�� �^�_�l�_�d�l�b�j�h�\�Z�g�b�y��
�o�j�h�f�Z�l�h�]�j�Z�n�b�q�_�k�d�b�o�� �i�h�e�h�k�h�d�� �b�k�i�h�e�v�a�h��
�\�Z�e�b���k�d�Z�g�_�j���^�e�y���l�h�g�d�h�k�e�h�c�g�h�c���j�Z�^�b�h�o�j�h��
�f�Z�l�h�]�j�Z�n�b�b�� �P�L�Q�L�*�L�W�D�� �6�W�D�U�� ���5�D�\�W�H�V�W��
�,�V�R�W�R�S�H�Q�P�H���J�H�U�D�W�H���*�P�E�+�����=�_�j�f�Z�g�b�y���� 

�I�_�j�\�b�q�g�h�_���\�u�^�_�e�_�g�b�_���b�l�l�j�b�y-�������[�u�e�h��
�i�j�h�b�a�\�_�^�_�g�h�� �f�_�l�h�^�h�f�� �`�b�^�d�h�k�l�g�h�c�� �w�d�k��
�l�j�Z�d�p�b�b�� �b�a�� �j�Z�k�l�\�h�j�Z��90Sr/90�<�� �\�� ���������� �0��
HNO3���� �<�� �d�Z�q�_�k�l�\�_�� �w�d�k�l�j�Z�]�_�g�l�Z�� �b�k�i�h�e�v�a�h��
�\�Z�e�b�� �>���W�=�N�D�� �\�� �g-�^�h�^�_�d�Z�g�_���� �\�� �d�Z�q�_�k�l�\�_��
�j�_�w�d�k�l�j�Z�]�_�g�l�Z���± �����F��HCl�����D�h�g�p�_�g�l�j�Z�p�b�x��
�w�d�k�l�j�Z�]�_�g�l�Z���b���\�_�e�b�q�b�g�m���k�h�h�l�g�h�r�_�g�b�y���n�Z�a��
�\�u�[�b�j�Z�e�b���g�Z���h�k�g�h�\�_���f�_�l�h�^�b�d�b���Z�\�l�h�j�h�\���j�Z��
�[�h�l�u���>���@�����>�h�i�h�e�g�b�l�_�e�v�g�h���j�_�w�d�k�l�j�Z�d�l���h�q�b��
�s�Z�e�b�� �g�Z�� �k�b�e�b�d�Z�]�_�e�_�� �^�e�y�� �m�^�Z�e�_�g�b�y�� �h�k�l�Z�l��
�d�h�\�� �h�j�]�Z�g�b�q�_�k�d�h�c�� �n�Z�a�u���� �I�h�� �a�Z�\�_�j�r�_�g�b�x��
�i�j�h�p�_�k�k�Z���i�h�e�m�q�Z�e�b�������f�e���j�Z�k�l�\�h�j�Z���b�l�l�j�b�y-
�������\���������� �F��HCl. 

�K�h�j�[�p�b�h�g�g�h�_�� �i�h�\�_�^�_�g�b�_�� �k�l�j�h�g�p�b�y-90 
�b���b�l�l�j�b�y-�������g�Z���L�N�W���[�u�e�h���b�a�m�q�_�g�h���i�m�l�_�f��
�h�i�j�_�^�_�e�_�g�b�y���d�h�w�n�n�b�p�b�_�g�l�h�\���j�Z�k�i�j�_�^�_�e�_��
�g�b�y�� ���'g���� �\�� �k�l�Z�l�b�q�_�k�d�b�o�� �m�k�e�h�\�b�y�o���� �K�h�j�[��
�p�b�x�� �j�Z�^�b�h�g�m�d�e�b�^�h�\�� �h�k�m�s�_�k�l�\�e�y�e�b�� �b�a��
�j�Z�k�l�\�h�j�h�\�� �k�h�e�y�g�h�c�� �d�b�k�e�h�l�u���� �F�Z�k�k�h�\�u�_��
�d�h�w�n�n�b�p�b�_�g�l�u�� �j�Z�k�i�j�_�^�_�e�_�g�b�y�� �h�i�j�_�^�_��
�e�y�e�b���i�h���n�h�j�f�m�e�_�� 
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    (1) 

�]�^�_�� �:0 �± �Z�d�l�b�\�g�h�k�l�v�� �k�h�j�[�p�b�h�g�g�h�]�h�� �j�Z�k��
�l�\�h�j�Z�����:s �± �Z�d�l�b�\�g�h�k�l�v���`�b�^�d�h�c���n�Z�a�u���i�h��
�k�e�_�� �k�h�j�[�p�b�b���� �9���± �h�[�t�_�f�� �`�b�^�d�h�c�� �n�Z�a�u�� 
m �± �f�Z�k�k�Z���k�h�j�[�_�g�l�Z�� 

�J�Z�a�^�_�e�_�g�b�_�� �i�Z�j�u��90Sr/90Y �\�� �^�b�g�Z�f�b�q�_��
�k�d�b�o�� �m�k�e�h�\�b�y�o�� �i�j�h�\�h�^�b�e�b�� �k�� �b�k�i�h�e�v�a�h�\�Z��
�g�b�_�f���o�j�h�f�Z�l�h�]�j�Z�n�b�q�_�k�d�b�o�� �d�h�e�h�g�h�d�� �3EEK 
�������f�f���u �‡���������f�f�����9�,�&�,���-�R�X�U�����R�\�_�c�p�Z�j�b�y������
�H�^�g�m�� �d�h�e�h�g�d�m�� �a�Z�]�j�m�`�Z�e�b�� �k�f�h�e�h�c��HLB-
HDEHP (73-������ �f�]�� �g�Z�� �d�h�e�h�g�d�m������ �^�j�m�]�m�x���± 
�k�f�h�e�h�c��TK221 (64-������ �f�]�� �g�Z�� �d�h�e�h�g�d�m������ �A�Z��
�i�h�e�g�_�g�g�u�_���d�h�e�h�g�d�b���a�Z�d�j�u�\�Z�e�b �i�h�e�b�w�l�b�e�_��
�g�h�\�u�f�b���n�j�b�l�l�Z�f�b���\���3�(�(�.-�h�[�h�e�h�q�d�_���b���i�_��
�j�_�o�h�^�g�b�d�Z�f�b�� �������±������ ���/�X�H�U�� �3�(�(�.������ �H�[�t�_�f��
�k�h�j�[�p�b�h�g�g�u�o�� �j�Z�k�l�\�h�j�h�\�� �b�� �w�e�x�_�g�l�h�\�� �g�Z��
�\�k�_�o���w�l�Z�i�Z�o���j�Z�a�^�_�e�_�g�b�y���k�h�k�l�Z�\�e�y�e�������k�f3. 

�I�h�e�m�q�_�g�g�u�_���i�h���j�Z�a�j�Z�[�h�l�Z�g�g�h�f���f�_�l�h�^�m��
�j�Z�k�l�\�h�j�u�� �b�l�l�j�b�y-������ �\�� ���������� �F��HCl �[�u�e�b��
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�b�k�i�h�e�v�a�h�\�Z�g�u�� �^�e�y�� �i�j�b�]�h�l�h�\�e�_�g�b�y�� �j�Z�^�b�h��
�n�Z�j�f�i�j�_�i�Z�j�Z�l�h�\���� �>�e�y�� �f�_�q�_�g�b�y�� �[�u�e�b�� �\�u��
�[�j�Z�g�u���\�_�d�l�h�j�g�u�_���f�h�e�_�d�m�e�u��DOTA-TATE 
�b��PSMA-�������� ���$�%�;���� �=�_�j�f�Z�g�b�y������ �Z�� �l�Z�d�`�_��
�g�h�\�u�c�� �e�b�]�Z�g�^��FAP-2286 (Jenguro���� �J�h�k��
�k�b�y�������K�b�g�l�_�a���i�j�h�\�h�^�b�e�b���\���i�j�h�[�b�j�d�Z�o���l�b�i�Z��
�W�i�i�_�g�^�h�j�n�����7ermoFisher�����K�R�:�����h�[�t�_�f�h�f��
�������� �k�f3 �g�Z�� �l�_�j�f�h�k�l�Z�l�b�j�m�_�f�h�f�� �r�_�c�d�_�j�_��
(Bioer MB-���������� �D�b�l�Z�c���� �i�j�b�� �l�_�f�i�_�j�Z�l�m�j�_��
�����h�K���\���l�_�q�_�g�b�_���������f�b�g�m�l����pH �j�_�Z�d�p�b�h�g�g�u�o��
�k�f�_�k�_�c�� �^�h�\�h�^�b�e�b�� ���� �F�� �g�Z�l�j�b�c-�Z�p�_�l�Z�l�g�u�f��
�[�m�n�_�j�h�f���^�h���a�g�Z�q�_�g�b�y���������� 

�K�\�y�a�u�\�Z�g�b�_�� �b�l�l�j�b�y-������ �\�� �d�h�f�i�e�_�d�k�� �k��
�\�_�d�l�h�j�g�u�f�b�� �f�h�e�_�d�m�e�Z�f�b�� �h�p�_�g�b�\�Z�e�b�� �f�_��
�l�h�^�h�f�� �l�h�g�d�h�k�e�h�c�g�h�c�� �o�j�h�f�Z�l�h�]�j�Z�n�b�b��
���L�K�O�����b���\�u�k�h�d�h�w�n�n�_�d�l�b�\�g�h�c���`�b�^�d�h�k�l�g�h�c��
�o�j�h�f�Z�l�h�]�j�Z�n�b�b�� ���<�W�@�O������ �A�Z�� �j�Z�^�b�h�o�b�f�b��
�q�_�k�d�m�x���q�b�k�l�h�l�m�����J�O�Q�����i�j�_�i�Z�j�Z�l�h�\���i�j�b�g�b��
�f�Z�e�b�� �j�Z�a�g�b�p�m�� �f�_�`�^�m�� �������� ���� �b�� �k�h�^�_�j�`�Z��
�g�b�_�f�� �j�Z�^�b�h�o�b�f�b�q�_�k�d�b�o�� �i�j�b�f�_�k�_�c���� �I�j�b��
�h�i�j�_�^�_�e�_�g�b�b�� �j�Z�^�b�h�o�b�f�b�q�_�k�d�h�c�� �q�b�k�l�h�l�u��
�i�j�_�i�Z�j�Z�l�h�\�� ���>90Y]Y-DOTATATE, [90Y]Y-
PSMA-617, [90Y]Y-FAP-������������ �f�_�l�h�^�h�f��
�L�K�O�� �\�� �d�Z�q�_�k�l�\�_�� �g�_�i�h�^�\�b�`�g�h�c�� �n�Z�a�u�� �b�k��
�i�h�e�v�a�h�\�Z�e�b�� �i�h�e�h�k�d�b�� �b�a�� �k�l�_�d�e�h�\�h�e�h�d�g�Z����
�b�f�i�j�_�]�g�b�j�h�\�Z�g�g�h�]�h�� �k�b�e�b�d�Z�]�_�e�_�f�� ���L�7�/�&-
SG, Aglient Technolo�J�L�H�V�����,�Q�F�������K�R�:�������>�e�y��
�Z�g�Z�e�b�a�Z���i�j�b�f�_�g�y�e�b���^�\�_���o�j�h�f�Z�l�h�]�j�Z�n�b�q�_��
�k�d�b�_�� �k�b�k�l�_�f�u���� ������ �f�F�� �j�Z�k�l�\�h�j�� �e�b�f�h�g�g�h�c��
�d�b�k�e�h�l�u�� ���n�Z�d�l�h�j�� �m�^�_�j�`�b�\�Z�g�b�y�� ���5�I���� ����������
�^�e�y�� �f�_�q�_�g�g�h�]�h�� �d�h�f�i�e�_�d�k�Z���� �����������5�I�������± 
�^�e�y���k�\�h�[�h�^�g�h�]�h���j�Z�^�b�h�g�m�d�e�b�^�Z�����b�������F���j�Z�k��
�l�\�h�j�� �Z�p�_�l�Z�l�Z�� �Z�f�f�h�g�b�y���� �j�Z�k�l�\�h�j�_�g�g�u�c�� �\��
�j�Z�\�g�u�o�� �h�[�t�_�f�Z�o�� �f�_�l�Z�g�h�e�Z�� �b�� �\�h�^�u�� ���5�I��
�!�����������^�e�y���f�_�q�_�g�g�h�]�h���d�h�f�i�e�_�d�k�Z�����5�I�������������± 
�^�e�y���k�\�h�[�h�^�g�h�]�h���j�Z�^�b�h�g�m�d�e�b�^�Z���� 

�>�e�y�� �<�W�@�O�� �d�h�f�i�e�_�d�k�h�\�� �b�l�l�j�b�y-������ �k��
DOTA-TATE �b��PSMA-���������b�k�i�h�e�v�a�h�\�Z�e�k�y��
�j�Z�a�j�Z�[�h�l�Z�g�g�u�c�� �j�Z�g�_�_�� �f�_�l�h�^�� �Z�g�Z�e�b�a�Z�� �^�e�y��
DOTA-�d�h�g�t�x�]�b�j�h�\�Z�g�g�u�o���f�h�e�_�d�m�e���\�� �]�j�Z��
�^�b�_�g�l�g�h�f�� �j�_�`�b�f�_�� �>�����@���� �:�g�Z�e�b�a�� �i�j�h�\�h��
�^�b�e�b���k���i�h�f�h�s�v�x���o�j�h�f�Z�l�h�]�j�Z�n�Z���/�L�F�$�U�W-62 
���H�H�H�� �©�E�Z�[�d�h�g�p�_�i�l�ª���� �J�h�k�k�b�y������ �h�k�g�Z�s�_�g��
�g�h�]�h�� �k�i�_�d�l�j�h�n�h�l�h�f�_�l�j�b�q�_�k�d�b�f�� �^�b�h�^�g�h-
�f�Z�l�j�b�q�g�u�f���^�_�l�_�d�l�h�j�h�f���b���i�j�h�l�h�q�g�u�f���^�_��
�l�_�d�l�h�j�h�f�� �j�Z�^�b�h�Z�d�l�b�\�g�h�k�l�b�� �*�$�%�,�� �1�R�Y�D��
basic (Elysia-�U�D�\�W�H�V�W���� �*�H�U�P�D�Q�\������ �O�j�h�f�Z�l�h��
�]�j�Z�n�b�q�_�k�d�h�_�� �j�Z�a�^�_�e�_�g�b�_�� �i�j�h�\�h�^�b�e�b�� �g�Z��
�d�h�e�h�g�d�_�� �3�K�H�Q�R�P�H�Q�H�[�Š�� �/�X�Q�D�� �������î�‡���� �f�f�� 

���� �f�d�f���� �������� �c�� �i�j�b�� �����ƒ�K���� �k�d�h�j�h�k�l�v�� �i�h�l�h�d�Z 
1 �k�f3���f�b�g�����i�j�h�]�j�Z�f�f�Z���]�j�Z�^�b�_�g�l�g�h�]�h���w�e�x��
�b�j�h�\�Z�g�b�y�� ��-5-15-20 �f�b�g�� � �� ����-25-25-
17% �<���� �]�^�_�� �:���± �\�h�^�g�u�c�� �j�Z�k�l�\�h�j�� �l�j�b�n�l�h��
�j�m�d�k�m�k�g�h�c�� �d�b�k�e�h�l�u�� ���L�N�M���� �������� �h�[�������� �<���± 
�j�Z�k�l�\�h�j�� �L�N�M�� �\�� �Z�p�_�l�h�g�b�l�j�b�e�_�� �������� �h�[��������
�>�e�y�� �d�h�f�i�e�_�d�k�Z��[90Y]Y-FAP-���������� �b�k�i�h�e�v��
�a�h�\�Z�e�b���i�j�h�]�j�Z�f�f�m���]�j�Z�^�b�_�g�l�g�h�]�h���w�e�x�b�j�h��
�\�Z�g�b�y�� �k�� �b�k�i�h�e�v�a�h�\�Z�g�b�_�f�� �p�b�l�j�Z�l�g�h�]�h�� �[�m��
�n�_�j�g�h�]�h���j�Z�k�l�\�h�j�Z������-3-15-25-28 �f�b�g� ����-5-
30-30-5% �<�����]�^�_���:���± �������f�F���p�b�l�j�Z�l�g�u�c���[�m��
�n�_�j�g�u�c�� �j�Z�k�l�\�h�j�� ���j�G�� ������������ �<���± �Z�p�_�l�h�g�b�l��
�j�b�e���� �J�Z�a�^�_�e�_�g�b�_�� �i�j�h�\�h�^�b�e�b�� �g�Z�� �d�h�e�h�g�d�_��
Phenomenex® Luna 150×�‡���� �f�f���� ���� �f�d�f����
�������� �c�� �i�j�b�� �����ƒ�K���� �k�d�h�j�h�k�l�v�� �i�h�l�h�d�Z 
1 �k�f3���f�b�g�����W�d�k�i�_�j�b�f�_�g�l�Z�e�v�g�u�_���^�Z�g�g�u�_���\��
�j�Z�[�h�l�_���[�u�e�b���i�h�e�m�q�_�g�u���i�m�l�_�f���i�j�h�\�_�^�_�g�b�y��
�g�_���f�_�g�_�_���l�j�_�o���i�Z�j�Z�e�e�_�e�v�g�u�o���b�a�f�_�j�_�g�b�c�� 

�H�[�k�m�`�^�_�g�b�_���j�_�a�m�e�v�l�Z�l�h�\ 

�K���p�_�e�v�x���h�p�_�g�d�b���\�h�a�f�h�`�g�h�k�l�b���j�Z�a�^�_�e�_��
�g�b�y�� �i�Z�j�u��90Sr/90�<�� �g�Z�� �L�N�W�� �[�u�e�h�� �b�a�m�q�_�g�h��
�k�h�j�[�p�b�h�g�g�h�_�� �i�h�\�_�^�_�g�b�_�� �^�Z�g�g�u�o�� �j�Z�^�b�h��
�g�m�d�e�b�^�h�\���� �>�e�y�� �w�l�h�]�h�� �[�u�e�h�� �i�j�h�b�a�\�_�^�_�g�h��
�i�_�j�\�b�q�g�h�_�� �\�u�^�_�e�_�g�b�_�� �b�l�l�j�b�y-������ �b�a�� �j�Z�\��
�g�h�\�_�k�g�h�c�� �k�f�_�k�b��90Sr/90�<�� �f�_�l�h�^�h�f�� �`�b�^��
�d�h�k�l�g�h�c���w�d�k�l�j�Z�d�p�b�b�������������F���>���W�=�N�D���\���g-
�^�h�^�_�d�Z�g�_�� 

�A�g�Z�q�_�g�b�y�� �d�h�w�n�n�b�p�b�_�g�l�h�\�� �j�Z�k�i�j�_�^�_�e�_��
�g�b�y�� �b�l�l�j�b�y-������ �b�� �k�l�j�h�g�p�b�y-������ �g�Z�� �+�/�%-
�+�'�(�+�3���[�u�e�b���i�h�e�m�q�_�g�u���\���^�b�Z�i�Z�a�h�g�_���d�h�g��
�p�_�g�l�j�Z�p�b�c��HCl �h�l�������������^�h�����������f�h�e�v���^�f3�����g�Z��
TK221 �± �h�l�������������^�h�����������f�h�e�v���^�f3. 

�J�_�a�m�e�v�l�Z�l�u�� �b�k�k�e�_�^�h�\�Z�g�b�y�� �d�h�w�n�n�b�p�b��
�_�g�l�h�\���j�Z�k�i�j�_�^�_�e�_�g�b�y���\���k�l�Z�l�b�q�_�k�d�b�o���m�k�e�h��
�\�b�y�o�� �i�h�d�Z�a�u�\�Z�x�l�� �\�u�k�h�d�m�x�� �k�h�j�[�p�b�x�� �b�l��
�l�j�b�y-������ �g�Z�� �k�f�h�e�_�� �+�/�%-�+�'�(�+�3�� �^�h�� �������� �F��
HCl ���l�Z�[�e�b�p�Z�� �������� �F�Z�d�k�b�f�Z�e�v�g�h�]�h�� �a�g�Z�q�_��
�g�b�y���'g(90Y�����^�h�k�l�b�]�Z�_�l���\�������������F��HCl �b���k�h��
�k�l�Z�\�e�y�_�l�������������“���������î����4 �k�f3���]�����K���i�h�\�u�r�_��
�g�b�_�f�� �d�h�g�p�_�g�l�j�Z�p�b�b�� �k�h�e�y�g�h�c�� �d�b�k�e�h�l�u��
�k�h�j�[�p�b�y�� �b�l�l�j�b�y-������ �k�l�j�_�f�b�l�_�e�v�g�h�� �m�f�_�g�v��
�r�Z�_�l�k�y�����\���j�Z�k�l�\�h�j�Z�o���k���d�h�g�p�_�g�l�j�Z�p�b�_�c����������
�F�� �b�� �\�u�r�_�� �k�h�j�[�p�b�y�� �i�j�Z�d�l�b�q�_�k�d�b�� �h�l�k�m�l��
�k�l�\�m�_�l���� �I�j�b�� �w�l�h�f �k�l�j�h�g�p�b�c-������ �i�j�Z�d�l�b�q�_��
�k�d�b���g�_���k�h�j�[�b�j�m�_�l�k�y���g�Z���k�f�h�e�m���\�h���\�k�_�f���^�b�Z��
�i�Z�a�h�g�_���d�h�g�p�_�g�l�j�Z�p�b�c�����'g(90Sr���������� �k�f3���]). 
�W�l�h�� �k�\�b�^�_�l�_�e�v�k�l�\�m�_�l�� �h�� �i�j�b�]�h�^�g�h�k�l�b�� �b�k��
�i�h�e�v�a�h�\�Z�g�b�y�� �l�\�_�j�^�h�n�Z�a�g�h�]�h�� �w�d�k�l�j�Z�]�_�g�l�Z��
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HLB-HDEHP �^�e�y�� �j�Z�a�^�_�e�_�g�b�y�� �i�Z�j�u��
90Sr/90Y. 

�B�a�m�q�_�g�h�� �k�h�j�[�p�b�h�g�g�h�_�� �i�h�\�_�^�_�g�b�_�� �b�l��
�l�j�b�y-������ �g�Z���w�d�k�l�j�Z�]�_�g�l�_��TK���������� �I�h�e�m�q�_�g��
�g�u�_�� �d�h�w�n�n�b�p�b�_�g�l�u�� �j�Z�k�i�j�_�^�_�e�_�g�b�y�� ���l�Z�[��
�e�b�p�Z���������d�h�j�j�_�e�b�j�m�x�l���k���^�Z�g�g�u�f�b���i�j�h�b�a�\�h��
�^�b�l�_�e�y���>�����@���b���i�h�d�Z�a�u�\�Z�x�l���\�u�k�h�d�m�x���k�h�j�[��
�p�b�x���b�l�l�j�b�y-�������g�Z���k�f�h�e�_���\���k�b�e�v�g�h�d�b�k�e�u�o��
�k�j�_�^�Z�o�����•����M HCl�������<�����������F���k�h�e�y�g�h�c���d�b�k��
�e�h�l�_�� �'g(90Y���� �^�h�k�l�b�]�Z�_�l�� �a�g�Z�q�_�g�b�y��
(39.0±7.0)×104 �k�f3���]�����J�_�a�m�e�v�l�Z�l�u���w�d�k�i�_�j�b��
�f�_�g�l�h�\�� �\�� �k�l�Z�l�b�q�_�k�d�b�o�� �m�k�e�h�\�b�y�� �i�h�d�Z�a�u��
�\�Z�x�l�� �\�h�a�f�h�`�g�h�k�l�v�� �i�j�b�f�_�g�_�g�b�y�� �l�\�_�j�^�h��
�n�Z�a�g�h�]�h�� �w�d�k�l�j�Z�]�_�g�l�Z��TK�������� �\�� �d�Z�q�_�k�l�\�_��
�\�l�h�j�h�c�� �k�l�m�i�_�g�b�� �j�Z�a�^�_�e�_�g�b�y�� �^�e�y�� �h�q�b�k�l�d�b��
�j�Z�k�l�\�h�j�h�\�� �b�l�l�j�b�y-������ �h�l�� �k�e�_�^�h�\�u�o�� �d�h�e�b��
�q�_�k�l�\�� �k�l�j�h�g�p�b�y-�������� �D�j�h�f�_�� �l�h�]�h���� �^�Z�g�g�Z�y��
�k�f�h�e�Z�� �i�h�a�\�h�e�y�_�l�� �i�j�h�\�h�^�b�l�v �d�h�g�\�_�j�k�b�x��
�j�Z�k�l�\�h�j�h�\�� �b�l�l�j�b�y-������ �\�� �k�e�Z�[�h�d�b�k�e�m�x��
�k�j�_�^�m�� �[�_�a�� �j�Z�a�[�Z�\�e�_�g�b�y���� �q�l�h�� �g�_�h�[�o�h�^�b�f�h��
�^�e�y���^�Z�e�v�g�_�c�r�_�]�h���f�_�q�_�g�b�y�� 

�B�k�o�h�^�y�� �b�a�� �j�_�a�m�e�v�l�Z�l�h�\�� �b�k�k�e�_�^�h�\�Z�g�b�y��
�d�h�w�n�n�b�p�b�_�g�l�h�\���j�Z�k�i�j�_�^�_�e�_�g�b�y���[�u�e�b���i�j�h��
�\�_�^�_�g�u�� �w�d�k�i�_�j�b�f�_�g�l�u�� �\�� �^�b�g�Z�f�b�q�_�k�d�h�f��
�j�_�`�b�f�_���� �>�e�y�� �d�h�e�h�g�d�b�� �k��HLB-HDEHP 

�g�Z�[�e�x�^�Z�e�b�� �\�u�k�h�d�m�x�� �k�h�j�[�p�b�x�� �b�� �^�_�k�h�j�[��
�p�b�x�� �b�l�l�j�b�y-�������� �I�j�b�� �w�e�x�b�j�h�\�Z�g�b�b�� �������� �F��
HCl �\�u�o�h�^���b�l�l�j�b�y-�������k���^�Z�g�g�h�c���k�f�h�e�u���k�h��
�k�l�Z�\�b�e�������“���������>�e�y���w�e�x�b�j�h�\�Z�g�b�y���b�l�l�j�b�y-
�������k�h���k�f�h�e�u��TK���������[�u�e�Z���\�u�[�j�Z�g�Z�������������F��
HCl�����\�u�o�h�^���b�l�l�j�b�y-�������i�j�b���w�l�h�f���k�h�k�l�Z�\�b�e��
�����“�������� �<�� �i�h�b�k�d�Z�o�� �[�h�e�_�_�� �h�i�l�b�f�Z�e�v�g�u�o��
�m�k�e�h�\�b�c�� �^�_�k�h�j�[�p�b�b�� �l�Z�d�`�_�� �[�u�e�Z�� �h�p�_�g�_�g�Z��
�i�j�b�]�h�^�g�h�k�l�v�� �g�Z�l�j�b�c-�Z�p�_�l�Z�l�g�h�]�h�� �[�m�n�_�j�Z��
���j�G���������������l�Z�d���d�Z�d���j�Z�g�_�_���^�Z�g�g�u�c���w�e�x�_�g�l���i�h��
�d�Z�a�Z�e���\�u�k�h�d�m�x���w�n�n�_�d�l�b�\�g�h�k�l�v���^�_�k�h�j�[�p�b�b��
�^�e�y�� �k�d�Z�g�^�b�y-������ �k��TK�������� �>�����@���� �<�� �k�e�m�q�Z�_�� �k��
�b�l�l�j�b�_�f-�������[�u�e���\�u�[�j�Z�g�������F���g�Z�l�j�b�c-�Z�p�_��
�l�Z�l�g�u�c�� �[�m�n�_�j�� ���S�+�� ���������� ���l�Z�[�e�b�p�Z�� �������� �I�j�b��
�i�h�\�l�h�j�_�� �w�d�k�i�_�j�b�f�_�g�l�Z�� �\�� �^�b�g�Z�f�b�q�_�k�d�b�o��
�m�k�e�h�\�b�y�o���i�h�e�m�q�_�g�g�u�c���w�e�x�Z�l���������k�f3 90Y �\��
1 M �g�Z�l�j�b�c-�Z�p�_�l�Z�l�g�h�f�� �[�m�n�_�j�_���� �h�[�e�Z�^�Z�e��
�h�q�_�g�v���g�b�a�d�h�c���h�[�t�_�f�g�h�c���Z�d�l�b�\�g�h�k�l�v�x����������
�h�l�� �Z�d�l�b�\�g�h�k�l�b���g�Z���d�h�e�h�g�d�_������ �L�Z�d�b�_���`�_���j�_��
�a�m�e�v�l�Z�l�u�� �i�h�e�m�q�_�g�u�� �i�j�b�� �w�e�x�b�j�h�\�Z�g�b�b��
TK�������� �j�Z�k�l�\�h�j�h�f�� ���� �F�� �Z�p�_�l�Z�l�Z�� �Z�f�f�h�g�b�y����
�I�h�w�l�h�f�m���[�u�e�h���j�_�r�_�g�h���h�k�l�Z�g�h�\�b�l�v���i�h�b�k�d�b��
�w�e�x�_�g�l�Z�� �g�Z�� �i�h�^�[�h�j�_�� �h�i�l�b�f�Z�e�v�g�h�c�� �d�h�g��
�p�_�g�l�j�Z�p�b�b���k�h�e�y�g�h�c���d�b�k�e�h�l�u�� 

�L�Z�[�e�b�p�Z��1. �A�g�Z�q�_�g�b�y���f�Z�k�k�h�\�u�o���d�h�w�n�n�b�p�b�_�g�l�h�\���j�Z�k�i�j�_�^�_�e�_�g�b�y���b�l�l�j�b�y-�������b���k�l�j�h�g�p�b�y-�������g�Z��
�l�\�_�j�^�h�n�Z�a�g�h�f���w�d�k�l�j�Z�]�_�g�l�_��HLB-HDEHP �\���k�h�e�y�g�h�d�b�k�e�h�c���k�j�_�^�_ 
Table 1. Values of mass distribution coefficients of yttrium-90 and strontium-90 on the HLB-
HDEHP solid-phase extractant in a hydrochloric acid medium 

�D�h�g�p�_�g�l�j�Z�p�b�y HCl �\ �h�[��
�j�Z�a�p�_�� �f�h�e�v���^�f3 Dg(90Y), �k�f3���] Dg(90Sr), �k�f3���] 

0.02 (1.3±0.2)×104 6.2±2.8 
0.05 (15.0±1.0)×104 9.3±5.1 
0.1 (3.5±1.1)×104 5.5±2.1 
0.2 (3.72±0.02)×103 9.3±5.3 
0.3 682±66 9.2±4.7 
0.4 312±47 15.3±7.1 
0.5 157±30 12.8±6.8 
0.6 161±21 10.0±6.1 
0.7 101±32 16.6±7.3 
0.8 91±10 8.9±4.0 
0.9 56±14 7.1±2.6 
1.0 63±17 8.2±3.4 
2.0 23.6±6.8 9.2±4.9 
3.0 9.6±4.3 10.3±5.5 
4.0 19.3±5.9 5.4±1.7 
5.0 27.3±4.7 6.6±2.9 
6.0 27.2±4.8 9.8±4.5 
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�K�� �i�h�^�h�[�g�h�c�� �i�j�h�[�e�_�f�h�c�� �k�l�Z�e�d�b�\�Z�e�b�k�v��
�Z�\�l�h�j�u���j�Z�[�h�l�u���>�����@���i�j�b���^�_�k�h�j�[�p�b�b���k�d�Z�g��
�^�b�y-�������k��TK�����������<�u�k�h�d�b�c���\�u�o�h�^���^�e�y���k�d�Z�g��
�^�b�y-������ ������������ �i�h�d�Z�a�Z�e�h�� �w�e�x�b�j�h�\�Z�g�b�_ 
���������F��HCl �k���i�j�_�^�\�Z�j�b�l�_�e�v�g�h�c���i�j�h�f�u�\�d�h�c��
�d�h�e�h�g�d�b���j�Z�k�l�\�h�j�h�f�������F��NaCl �\�����������F��HCl. 
�I�h�w�l�h�f�m�� �\�� �^�Z�e�v�g�_�c�r�b�o�� �w�d�k�i�_�j�b�f�_�g�l�Z�o��
�^�e�y�� �^�_�k�h�j�[�p�b�b�� �b�l�l�j�b�y-������ �k��TK�������� �b�k��
�i�h�e�v�a�h�\�Z�e�b�����������F��HCl�����^�e�y���d�h�l�h�j�h�c���o�Z�j�Z�d��
�l�_�j�_�g�� �g�b�a�d�b�c�� �d�h�w�n�n�b�p�b�_�g�l�� �j�Z�k�i�j�_�^�_�e�_��
�g�b�y�� �j�Z�^�b�h�g�m�d�e�b�^�Z���� �<�� �l�Z�d�b�o�� �m�k�e�h�\�b�y�o��

�k�j�_�^�g�b�c���\�u�o�h�^���b�l�l�j�b�y-�������k��TK���������\�������f�e��
���������F��HCl �k�h�k�l�Z�\�b�e�������������l�Z�[�e�b�p�Z�������� 

�G�Z���h�k�g�h�\�Z�g�b�b���^�Z�g�g�u�o���w�d�k�i�_�j�b�f�_�g�l�h�\���\��
�k�l�Z�l�b�q�_�k�d�b�o�� �b�� �^�b�g�Z�f�b�q�_�k�d�b�o�� �m�k�e�h�\�b�y�o��
�[�u�e�Z�� �i�j�_�^�e�h�`�_�g�Z�� �k�o�_�f�Z�� �i�h�k�e�_�^�h�\�Z�l�_�e�v��
�g�h�]�h�� �\�u�^�_�e�_�g�b�y�� �b�l�l�j�b�y-������ �b�a�� �k�f�_�k�b��
90Sr/90�<�� �\�� ���������� �F��HCl �g�Z�� �l�\�_�j�^�h�n�Z�a�g�u�o��
�w�d�k�l�j�Z�]�_�g�l�Z�o�����j�b�k�������������L�_�o�g�h�e�h�]�b�y���i�j�_�^�m��
�k�f�Z�l�j�b�\�Z�_�l�� �j�Z�a�^�_�e�_�g�b�_�� �k�f�_�k�b��90Sr/90�<�� �g�Z��
�i�_�j�\�h�c���d�h�e�h�g�d�_���k��HLB-HDEHP �b���h�q�b�k�l�d�m��
�j�Z�k�l�\�h�j�Z�� �b�l�l�j�b�y-������ �g�Z�� �d�h�e�h�g�d�_�� �k��TK221. 

�L�Z�[�e�b�p�Z��2. �A�g�Z�q�_�g�b�y���f�Z�k�k�h�\�u�o���d�h�w�n�n�b�p�b�_�g�l�h�\���j�Z�k�i�j�_�^�_�e�_�g�b�y���b�l�l�j�b�y-�������g�Z���l�\�_�j�^�h�n�Z�a�g�h�f��
�w�d�k�l�j�Z�]�_�g�l�_��TK���������\���k�h�e�y�g�h�d�b�k�e�h�c���k�j�_�^�_ 
Table 2. Values of mass distribution coefficients of yttrium-90 on the TK221 solid-phase extract-
ant in a hydrochloric acid medium 

�D�h�g�p�_�g�l�j�Z�p�b�y��HCl �\���h�[�j�Z�a�p�_�����f�h�e�v���^�f3 Dg(90Y), �k�f3���] 
0.01 8.2±2.7 
0.05 11.8±1.8 
0.1 9.3±1.1 
0.5 2.8±3.9 
1.0 19.7±3.2 
2.0 920.8±9.8 
3.0 (1.0±0.1)×104 
4.0 (13±4)×104 
5.0 (39±7)×104 

 

�L�Z�[�e�b�p�Z 3. �A�g�Z�q�_�g�b�y���f�Z�k�k�h�\�u�o���d�h�w�n�n�b�p�b�_�g�l�h�\���j�Z�k�i�j�_�^�_�e�_�g�b�y���b�l�l�j�b�y-�������g�Z���l�\�_�j�^�h�n�Z�a�g�h�f��
�w�d�k�l�j�Z�]�_�g�l�_��TK���������\���k�j�_�^�_���g�Z�l�j�b�c-�Z�p�_�l�Z�l�g�h�]�h���[�m�n�_�j�Z 
Table 3. Values of mass distribution coefficients of yttrium-90 on the TK221 solid-phase extract-
ant in a sodium acetate buffer medium 

�D�h�g�p�_�g�l�j�Z�p�b�y �g�Z�l�j�b�c-�Z�p�_�l�Z�l�g�h�]�h �[�m�n�_�j�Z, �f�h�e�v���^�f3 Dg(90Y), �k�f3���] 
0.1 126.3±2.7 
0.3 47.1±2.9 
0.5 27.8±2.1 
0.7 21.4±1.9 
1.0 19.3±1.7 

 

 
�J�b�k.1. �K�o�_�f�Z���j�Z�a�^�_�e�_�g�b�y���]�_�g�_�j�Z�l�h�j�g�h�c���i�Z�j�u��90Sr/90Y �g�Z���l�\�_�j�^�h�n�Z�a�g�u�o���w�d�k�l�j�Z�]�_�g�l�Z�o��

HLB-HDEHP �b��TK221 
Fig. 1. Separation scheme of the 90Sr/90Y generator pair on the HLB-HDEHP and TK221 

solid-phase extractants 
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�>�e�y���d�Z�`�^�h�c���d�h�e�h�g�d�b���i�h�k�e�_���k�h�j�[�p�b�b���j�Z�^�b�h��
�g�m�d�e�b�^�Z���i�j�_�^�m�k�f�h�l�j�_�g���w�l�Z�i���i�j�h�f�u�\�d�b���^�e�y��
�m�^�Z�e�_�g�b�y���j�Z�^�b�h�g�m�d�e�b�^�g�h�c���i�j�b�f�_�k�b���k�l�j�h�g��
�p�b�y-�������� �>�h�i�h�e�g�b�l�_�e�v�g�Z�y�� �i�j�h�f�u�\�d�Z�� �d�h��
�e�h�g�d�b���k��TK���������j�Z�k�l�\�h�j�h�f�������F��NaCl �\�����������F��
HCl �i�h�a�\�h�e�y�_�l�� �b�a�[�Z�\�b�l�v�k�y�� �h�l�� �h�k�l�Z�l�h�q�g�h�c��
�d�b�k�e�h�l�g�h�k�l�b���\���d�h�e�h�g�d�_���[�_�a���i�h�l�_�j�b���p�_�e�_�\�h�]�h��
�b�a�h�l�h�i�Z���b���a�Z�d�b�k�e�_�g�b�y���n�b�g�Z�e�v�g�h�]�h���j�Z�k�l�\�h�j�Z��
�b�l�l�j�b�y-�������� �q�l�h�� �[�e�Z�]�h�i�j�b�y�l�g�h�� �k�d�Z�a�u�\�Z�_�l�k�y��
�g�Z���^�Z�e�v�g�_�c�r�_�f���i�j�h�p�_�k�k�_���f�_�q�_�g�b�y�� 

�H�k�h�[�h�_���\�g�b�f�Z�g�b�_���[�u�e�h���m�^�_�e�_�g�h���b�a�f�_�j�_��
�g�b�x�� �j�Z�^�b�h�g�m�d�e�b�^�g�h�c�� �i�j�b�f�_�k�b�� �f�Z�l�_�j�b�g��
�k�d�h�]�h�� �k�l�j�h�g�p�b�y-������ �\�� �j�Z�k�l�\�h�j�Z�o�� �b�l�l�j�b�y-90. 
�F�_�l�h�^�h�f�� �@�K�K�� �[�u�e�h�� �m�k�l�Z�g�h�\�e�_�g�h���� �q�l�h�� �\��
�j�Z�k�l�\�h�j�_���b�l�l�j�b�y-�������\�� ���������F��HCl�����i�h�e�m�q�_�g��
�g�h�f�� �i�h�k�e�_�� �j�Z�a�^�_�e�_�g�b�y�� �g�Z��HLB-HDEHP, 

�i�j�b�f�_�k�v�� �k�l�j�h�g�p�b�y-������ �k�h�k�l�Z�\�e�y�_�l�� �f�_�g�_�_��
�������������� �I�h�k�e�_�� �h�q�b�k�l�d�b�� �g�Z��TK�������� �k�h�^�_�j�`�Z��
�g�b�_���i�j�b�f�_�k�b���\���]�h�l�h�\�h�f���j�Z�k�l�\�h�j�_���b�l�l�j�b�y-90 
�\�� �������� �F��HCl �g�Z�o�h�^�b�l�k�y�� �g�Z�� �m�j�h�\�g�_�� �f�_�g�_�_��
���������������� �>�Z�g�g�u�_�� �j�_�a�m�e�v�l�Z�l�u�� �m�^�h�\�e�_�l�\�h��
�j�y�x�l�� �n�Z�j�f�Z�d�h�i�_�c�g�u�f�� �l�j�_�[�h�\�Z�g�b�y�f���� �i�h��
�w�l�h�f�m�� �i�h�e�m�q�Z�_�f�u�_�� �j�Z�k�l�\�h�j�u�� �b�l�l�j�b�y-������ �\��
�^�Z�e�v�g�_�c�r�_�f���[�u�e�b���i�j�b�f�_�g�_�g�u���^�e�y���k�b�g�l�_�a�Z��
�J�N�E�I�� 

�W�d�k�i�_�j�b�f�_�g�l�u���i�h���f�_�q�_�g�b�x���i�j�h�\�h�^�b�e�b��
�g�Z�� �i�j�b�f�_�j�_��DOTA-�d�h�g�t�x�]�b�j�h�\�Z�g�g�u�o�� �e�b��
�]�Z�g�^�h�\��DOTA-TATE, PSMA-�������� �b��FAP-
������������ �J�O�Q�� �i�j�_�i�Z�j�Z�l�h�\�� �>90Y]Y-DOTA-
TATE ���������g�f�h�e�v���k�f3�����b���>90Y]Y-PSMA-617 
�������������g�f�h�e�v���k�f3�����k�h�k�l�Z�\�e�y�e�Z���[�h�e�_�_�������������i�h��
�j�_�a�m�e�v�l�Z�l�Z�f���<�W�@�O-�Z�g�Z�e�b�a�Z�����j�b�k������-3). �G�Z��

�L�Z�[�e�b�p�Z����. �J�_�a�m�e�v�l�Z�l�u���\�u�^�_�e�_�g�b�y���b�l�l�j�b�y-�������g�Z���l�\�_�j�^�h�n�Z�a�g�u�o���w�d�k�l�j�Z�]�_�g�l�Z�o 
Table 4. Results of yttrium-90 isolation on solid-phase extractants 

�‹���k�_�j�b�b 

�:�d�l�b�\�g�h�k�l�v��
�b�k�o�h�^�g�h�]�h��
�j�Z�k�l�\�h�j�Z��

90Sr/90�<�����F�;�d 

�<�u�o�h�^��90Y �k��
�d�h�e�h�g�d�b��

HLB-
HDEHP, % 

�<�u�o�h�^��90Y �k��
�d�h�e�h�g�d�b��

TK221, % 

�H�[�s�b�c���\�u��
�o�h�^��90Y, % 

�I�j�b�f�_�k�v��90Sr �\��
�d�h�g�_�q�g�h�f���j�Z�k��
�l�\�h�j�_��90Y, % 

1 13.51 99.8 83.3 83.1 

<1×10-3 

2 9.11 98.9 89.0 87.9 
3 94.96 89.8 92.2 82.8 
4 15.86 95.5 95.3 91.0 
5 67.61 91.4 92.1 84.2 
6 9.3 91.2 93.5 85.3 

 
�J�b�k�� 2�����O�j�h�f�Z�l�h�]�j�Z�f�f�Z���i�j�_�i�Z�j�Z�l�Z���>90Y]Y-DOTA-TATE 

Fig. 2. Chromatogram of the [90Y]Y -DOTA-TATE preparation 

 
�J�b�k. 3. �O�j�h�f�Z�l�h�]�j�Z�f�f�Z���i�j�_�i�Z�j�Z�l�Z���>90Y]Y-PSMA-617 

Fig. 3. Chromatogram of the [90Y]Y -PSMA-617 preparation 
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�o�j�h�f�Z�l�h�]�j�Z�f�f�_�� �d�h�f�i�e�_�d�k�Z�� �>90Y]Y-FAP-
���������� ������������ �g�f�h�e�v���k�f3���� �g�Z�[�e�x�^�Z�e�b�� �i�j�b��
�f�_�k�b���\���h�[�e�Z�k�l�b���^�h���^�\�m�o���f�b�g�m�l�����j�b�k�������� �Z������
�h�[�m�k�e�h�\�e�_�g�g�u�_�� �g�Z�e�b�q�b�_�f�� �i�j�b�f�_�k�_�c�� �\��
�i�j�_�d�m�j�k�h�j�_���� �I�h�k�e�_�� �h�q�b�k�l�d�b�� �g�Z�� �h�[�j�Z��
�s�_�g�g�h-�n�Z�a�h�\�h�f���k�h�j�[�_�g�l�_���K���������&�K�U�R�P�D�I�L�[��
C18, Macherey-�1�D�J�H�O���� �d�h�g�_�q�g�h�_�� �J�O�Q�� �k�h��
�k�l�Z�\�b�e�h�� �!�������� ���j�b�k���� ���[������ �>�e�y�� �f�h�e�_�d�m�e�u��
DOTA-TATE �k�b�g�l�_�a���l�Z�d�`�_���[�u�e���i�j�h�\�_�^�_�g��
�i�j�b�� �d�h�g�p�_�g�l�j�Z�p�b�y�o��DOTA-TATE �������� �b�� ����
�g�f�h�e�v���k�f3�����<�h���\�k�_�o���k�e�m�q�Z�y�o���j�_�Z�d�p�b�y���d�h�f��
�i�e�_�d�k�h�h�[�j�Z�a�h�\�Z�g�b�y�� �a�Z�\�_�j�r�b�e�Z�k�v�� �k�� �\�u�o�h��
�^�h�f���>90Y]Y-DOTA-TATE �[�h�e�_�_�������������<�u��
�k�h�d�b�c�� �i�h�d�Z�a�Z�l�_�e�v�� �J�O�Q�� �^�Z�`�_�� �i�j�b�� �g�b�a�d�b�o��
�d�h�g�p�_�g�l�j�Z�p�b�y�o�� �i�j�_�d�m�j�k�h�j�Z�� �k�\�b�^�_�l�_�e�v��
�k�l�\�m�_�l�� �h�[�� �h�l�k�m�l�k�l�\�b�b�� �i�j�b�f�_�k�g�u�o�� �d�Z�l�b�h��
�g�h�\�� �\�� �j�Z�k�l�\�h�j�Z�o�� �b�l�l�j�b�y-������ �b���� �d�Z�d�� �k�e�_�^��
�k�l�\�b�_�����b�o���i�j�b�]�h�^�g�h�k�l�b���^�e�y���k�b�g�l�_�a�Z���J�N�E�I�� 

�A�Z�d�e�x�q�_�g�b�_ 

�<�� �g�Z�k�l�h�y�s�_�f�� �b�k�k�e�_�^�h�\�Z�g�b�b�� �j�Z�a�j�Z�[�h��
�l�Z�g�Z�� �l�_�o�g�h�e�h�]�b�y�� �j�Z�a�^�_�e�_�g�b�y�� �]�_�g�_�j�Z�l�h�j��
�g�h�c�� �i�Z�j�u��90Sr/90Y �g�Z�� �l�\�_�j�^�h�n�Z�a�g�u�o�� �w�d�k��
�l�j�Z�]�_�g�l�Z�o��HLB-HDEHP �b��TK���������� �<�� �j�Z�f��
�d�Z�o���^�Z�g�g�h�c���j�Z�[�h�l�u���i�h�^�l�\�_�j�`�^�_�g�Z���i�j�b�]�h�^��
�g�h�k�l�v�� �h�j�b�]�b�g�Z�e�v�g�h�c�� �k�f�h�e�u��OASIS-HLB, 
�b�f�i�j�_�]�g�b�j�h�\�Z�g�g�h�c���>���W�=�N�D�����^�e�y���\�u�^�_�e�_��
�g�b�y�� �b�l�l�j�b�y-�������� �I�h�e�m�q�_�g�g�u�_�� �w�d�k�i�_�j�b�f�_�g��
�l�Z�e�v�g�u�_�� �^�Z�g�g�u�_�� �h�� �k�h�j�[�p�b�h�g�g�h�f�� �i�h�\�_�^�_��
�g�b�b���j�Z�^�b�h�g�m�d�e�b�^�h�\���g�Z���l�\�_�j�^�h�n�Z�a�g�u�o���w�d�k��
�l�j�Z�]�_�g�l�Z�o�� �i�h�a�\�h�e�b�e�b�� �h�i�j�_�^�_�e�b�l�v�� �h�i�l�b��
�f�Z�e�v�g�u�_�� �m�k�e�h�\�b�y�� �i�j�h�p�_�k�k�Z�� �j�Z�a�^�_�e�_�g�b�y����
�H�[�s�b�c�� �\�u�o�h�^�� �b�l�l�j�b�y-������ �\�� �i�j�h�p�_�k�k�_�� �j�Z�a��

�^�_�e�_�g�b�y���k�h�k�l�Z�\�e�y�_�l�������“�������b���o�Z�j�Z�d�l�_�j�b�a�m��
�_�l�k�y�� �\�u�k�h�d�h�c�� �k�l�Z�[�b�e�v�g�h�k�l�v�x���� �Z�� �i�j�b�f�_�k�v��
�k�l�j�h�g�p�b�y-������ �\�� �]�h�l�h�\�u�o�� �j�Z�k�l�\�h�j�Z�o�� �g�b�`�_��
�j�_�]�e�Z�f�_�g�l�b�j�m�_�f�h�]�h�� �N�Z�j�f�Z�d�h�i�_�_�c�� ���f�_�g�_�_��
0.001%).  

�I�j�_�b�f�m�s�_�k�l�\�h�f�� �^�Z�g�g�h�c�� �l�_�o�g�h�e�h�]�b�b��
�f�h�`�g�h���h�l�f�_�l�b�l�v���\�h�a�f�h�`�g�h�k�l�v���i�h�e�m�q�_�g�b�y��
�\�u�k�h�d�h�q�b�k�l�u�o���j�Z�k�l�\�h�j�h�\���b�l�l�j�b�y-�������\�k�_�]�h��
�a�Z�� �^�\�_�� �k�l�Z�^�b�b�� �j�Z�a�^�_�e�_�g�b�y�� �b�� �h�q�b�k�l�d�b����
�D�j�h�f�_�� �l�h�]�h���� �\�� �k�b�k�l�_�f�_�� �g�_�l�� �i�h�k�l�h�y�g�g�h�]�h��
�d�h�g�l�Z�d�l�Z���l�\�_�j�^�h�n�Z�a�g�h�]�h���w�d�k�l�j�Z�]�_�g�l�Z���k���Z�d��
�l�b�\�g�h�k�l�v�x���� �q�l�h�� �a�g�Z�q�b�l�_�e�v�g�h�� �m�f�_�g�v�r�Z�_�l��
�j�Z�^�b�Z�p�b�h�g�g�m�x���g�Z�]�j�m�a�d�m���g�Z���l�\�_�j�^�m�x���n�Z�a�m�� 

�<���j�Z�[�h�l�_���i�j�h�^�_�f�h�g�k�l�j�b�j�h�\�Z�g�Z���\�u�k�h�d�Z�y��
�w�n�n�_�d�l�b�\�g�h�k�l�v�� �b�g�d�h�j�i�h�j�b�j�h�\�Z�g�b�y�� �b�l��
�l�j�b�y-������ �b�a�� �i�h�e�m�q�Z�_�f�u�o�� �j�Z�k�l�\�h�j�h�\�� �\��
�k�l�j�m�d�l�m�j�m��DOTA-�d�h�g�t�x�]�b�j�h�\�Z�g�g�u�o�� �e�b��
�]�Z�g�^�h�\���� �>�e�y�� �i�j�_�i�Z�j�Z�l�h�\�� �>90Y]Y-DOTA-
TATE, [90Y]Y-PSMA-�������� �b�� �>90Y]Y-FAP-
�����������j�Z�^�b�h�o�b�f�b�q�_�k�d�Z�y���q�b�k�l�h�l�Z���k�h�k�l�Z�\�b�e�Z��
�[�h�e�_�_���������� 

�L�Z�d�b�f���h�[�j�Z�a�h�f�����i�h�e�m�q�Z�_�f�u�_���i�h���j�Z�a�j�Z��
�[�h�l�Z�g�g�h�f�m�� �k�i�h�k�h�[�m�� �j�Z�k�l�\�h�j�u�� �b�l�l�j�b�y-90 
�h�[�e�Z�^�Z�x�l���\�u�k�h�d�h�c���j�Z�^�b�h�g�m�d�e�b�^�g�h�c���b���j�Z��
�^�b�h�o�b�f�b�q�_�k�d�h�c���q�b�k�l�h�l�h�c���b���i�j�b�]�h�^�g�u���^�e�y��
�k�b�g�l�_�a�Z���J�N�E�I���g�Z�^�e�_�`�Z�s�_�]�h���d�Z�q�_�k�l�\�Z�� 

�D�h�g�n�e�b�d�l���b�g�l�_�j�_�k�h�\�� 

�:�\�l�h�j�u�� �a�Z�y�\�e�y�x�l���� �q�l�h�� �m�� �g�b�o�� �g�_�l�� �b�a��
�\�_�k�l�g�u�o���n�b�g�Z�g�k�h�\�u�o���d�h�g�n�e�b�d�l�h�\���b�g�l�_�j�_��
�k�h�\�� �b�e�b�� �e�b�q�g�u�o�� �h�l�g�h�r�_�g�b�c���� �d�h�l�h�j�u�_��
�f�h�]�e�b�� �[�u�� �i�h�\�e�b�y�l�v�� �g�Z�� �j�Z�[�h�l�m���� �i�j�_�^�k�l�Z�\��
�e�_�g�g�m�x���\���w�l�h�c���k�l�Z�l�v�_�� 

 
�Z�������������������������������������������������������������������������������������������������������������������������������������������������������������������������[ 

�J�b�k. 4�����Z���í���b�k�o�h�^�g�u�c���i�j�_�i�Z�j�Z�l���>90Y]Y -FAP-�������������[���í���i�j�_�i�Z�j�Z�l���>90Y]Y -FAP-�����������i�h�k�e�_��
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Fig. 4. a �± initial [90Y]Y -FAP-2286 preparation; b �± [90Y]Y -FAP-2286 preparation after purification 
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Synthesis and HPLC/MS Investigation of 2-Alkyl -5-Phenyl-4,5,6,7-Tetra-
hydro-[1,2,4]triazolo[1,5-a]pyrimidinol Derivatives from Vegetable Oils 
 
Alexey A. Kruzhilin �. , Ivan A. Dmitriev, Mikhail A. Potapov, K hidmet S. Shikhaliev 
Voronezh state university, Voronezh, Russian Federation, kruzhilin.alexey@gmail.com�.  
 
Abstract. This work presents the synthesis and analysis of 2-alkyl-5-phenyl-4,5,6,7-tetrahydro-[1,2,4]tria-
zolo[1,5-a]pyrimidin-7-ol derivatives obtained from sunflower, palm, and coconut oils. The synthetic approach 
included the preparation of aminotriazoles followed by their condensation with cinnamaldehyde in the presence 
of an amphoteric surfactant. The composition and structure of the reaction mixtures were established using 
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high-resolution HPLC/ESI-MS. It was shown that the distribution of the target products correlates with the 
fatty acid profile of the starting oil: linoleic acid derivatives dominated in sunflower oil (59.41%), palmitic acid 
 derivatives in palm oil (52.67%), and lauric acid derivatives in coconut oil (43.51%). The presence of side 
products (3-8%) was observed, attributed to incomplete cyclization, aldehyde self-condensation, and the spe-
cifics of obtaining 2-alkyl-5-phenyl-4,5,6,7-tetrahydro-[1,2,4]triazolo[1,5-a]pyrimidin-7-ols without isolation 
(motivated by the intended use of these products as acid corrosion inhibitors for steel). The results confirm the 
potential of using renewable plant-based raw materials for the targeted synthesis of heterocyclic compounds 
with potential inhibitory activity against metal acid corrosion. 
Keywords: HPLC/MS; fatty acids; sunflower oil; palm oil; coconut oil; triazolopyrimidines; triazole deriva-
tives; green chemistry; corrosion inhibitors 
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�<�\�_�^�_�g�b�_ 

�<�� �g�Z�k�l�h�y�s�_�_�� �\�j�_�f�y�� �m�\�_�e�b�q�_�g�b�_�� �h�[�t�_��
�f�h�\�� �^�h�[�u�q�b�� �g�Z�� �g�_�n�l�y�g�u�o�� �f�_�k�l�h�j�h�`�^�_��
�g�b�y�o�� �y�\�e�y�_�l�k�y�� �h�^�g�b�f�� �b�a�� �d�e�x�q�_�\�u�o��
�g�Z�i�j�Z�\�e�_�g�b�c�� �j�Z�a�\�b�l�b�y�� �g�_�n�l�_�^�h�[�u�\�Z�x��
�s�_�c�� �i�j�h�f�u�r�e�_�g�g�h�k�l�b���� �H�k�h�[�_�g�g�h�� �i�_�j��
�k�i�_�d�l�b�\�g�u�f�b���^�e�y���i�j�b�f�_�g�_�g�b�y���g�h�\�u�o���l�_�o��
�g�h�e�h�]�b�c�� �b�g�l�_�g�k�b�n�b�d�Z�p�b�b�� �^�h�[�u�q�b�� �y�\�e�y��
�x�l�k�y���d�Z�j�[�h�g�Z�l�g�u�_���d�h�e�e�_�d�l�h�j�u�����]�^�_���\�u�j�Z��
�[�h�l�d�Z�� �b�� �d�h�w�n�n�b�p�b�_�g�l�� �b�a�\�e�_�q�_�g�b�y�� �g�_�n�l�b��
�h�l�g�h�k�b�l�_�e�v�g�h���g�b�a�d�b���� �K�j�_�^�b���f�_�l�h�^�h�\���\�h�a��
�^�_�c�k�l�\�b�y���g�Z���i�j�b�a�Z�[�h�c�g�m�x���a�h�g�m���k�d�\�Z�`�b�g���\��
�l�Z�d�b�o�� �d�h�e�e�_�d�l�h�j�Z�o�� �g�Z�b�[�h�e�_�_�� �j�Z�k�i�j�h�k�l�j�Z��
�g�_�g�u���k�h�e�y�g�h�d�b�k�e�h�l�g�u�_���l�_�o�g�h�e�h�]�b�b�����d�h�l�h��
�j�u�_�� �b�]�j�Z�x�l�� �\�Z�`�g�m�x�� �j�h�e�v�� �\�� �m�\�_�e�b�q�_�g�b�b��
�^�h�[�u�q�b���g�_�n�l�b���>��-2]. �H�^�g�Z�d�h���b�k�i�h�e�v�a�h�\�Z��
�g�b�_���k�h�e�y�g�h�c���d�b�k�e�h�l�u���f�h�`�_�l���\�u�a�\�Z�l�v���d�h�j��
�j�h�a�b�x���f�_�l�Z�e�e�h�\���b���j�Z�k�l�j�_�k�d�b�\�Z�g�b�_���l�j�m�[�h��
�i�j�h�\�h�^�h�\���i�h�^���g�Z�i�j�y�`�_�g�b�_�f�����>�e�y���i�j�_�^�h�l��
�\�j�Z�s�_�g�b�y�� �w�l�b�o�� �i�j�h�[�e�_�f�� �\�� �j�Z�k�l�\�h�j�� �k�h�e�y��
�g�h�c���d�b�k�e�h�l�u���^�h�[�Z�\�e�y�x�l���b�g�]�b�[�b�l�h�j�u���d�h�j��
�j�h�a�b�b���� �<�� �i�h�k�e�_�^�g�_�_�� �\�j�_�f�y�� �m�k�b�e�b�e�b�k�v�� �b�k��
�k�e�_�^�h�\�Z�g�b�y���i�h���i�h�b�k�d�m���b���k�b�g�l�_�a�m���w�d�h�e�h�]�b��
�q�_�k�d�b�� �q�b�k�l�u�o�� �b�� �[�_�a�\�j�_�^�g�u�o�� �k�h�_�^�b�g�_�g�b�c��
�i�j�b�j�h�^�g�h�]�h���i�j�h�b�k�o�h�`�^�_�g�b�y�����d�h�l�h�j�u�_���f�h��
�]�m�l�� �[�u�l�v�� �b�k�i�h�e�v�a�h�\�Z�g�u�� �\�� �d�Z�q�_�k�l�\�_�� �l�Z�d�b�o��
�Z�g�l�b�d�h�j�j�h�a�b�h�g�g�u�o�� �Z�]�_�g�l�h�\���� �<�� �d�Z�q�_�k�l�\�_��
�i�h�^�h�[�g�u�o�� �^�h�[�Z�\�h�d�� �b�k�i�h�e�v�a�m�x�l�k�y�� �j�Z�a�g�h��
�h�[�j�Z�a�g�u�_�� �k�h�_�^�b�g�_�g�b�y���� �d�Z�d�� �h�j�]�Z�g�b�q�_�k�d�b�_����
�l�Z�d���b���g�_�h�j�]�Z�g�b�q�_�k�d�b�_���>���@�� 

�J�Z�k�l�b�l�_�e�v�g�u�_���f�Z�k�e�Z�����d�Z�k�l�h�j�h�\�h�_�����i�Z�e�v��
�f�h�\�h�_���� �k�h�_�\�h�_���� �i�h�^�k�h�e�g�_�q�g�h�_�� �b�� �^�j������ �k�e�m��
�`�Z�l���k�u�j�v�z�f���^�e�y���b�a�\�e�_�q�_�g�b�y���`�b�j�g�u�o���d�b�k��
�e�h�l�����h�e�_�b�g�h�\�Z�y�����k�l�_�Z�j�b�g�h�\�Z�y�����e�b�g�h�e�_�\�Z�y���b��

�^�j�������� �d�h�l�h�j�u�_�� �f�h�^�b�n�b�p�b�j�m�x�l�k�y�� �\�� �w�n�n�_�d��
�l�b�\�g�u�_�� �b�g�]�b�[�b�l�h�j�u���� �O�b�f�b�q�_�k�d�Z�y�� �f�h�^�b��
�n�b�d�Z�p�b�y���`�b�j�g�u�o���d�b�k�e�h�l���i�h�a�\�h�e�y�_�l���i�h�e�m��
�q�Z�l�v���b�g�]�b�[�b�l�h�j�u���d�h�j�j�h�a�b�b���l�Z�d�b�o���d�e�Z�k�k�h�\����
�d�Z�d���k�e�h�`�g�u�_���w�n�b�j�u���^�e�y���a�Z�s�b�l�u���\�� �+�&�O���b��
�g�_�n�l�_�\�h�^�g�u�o�� �k�j�_�^�Z�o���� �w�l�h�d�k�b�e�Z�l�u���� �h�d�k�Z��
�^�b�Z�a�h�e�u���l�j�b�Z�a�h�e�Z�f�b�^�u�� �b�� �Z�f�b�^�h�Z�f�b�g�u���� �Z��
�l�Z�d�`�_���Z�f�f�h�g�b�c�g�u�_���k�h�e�b���l�j�b�w�l�Z�g�h�e�Z�f�b�g�Z��
�\�� �d�Z�q�_�k�l�\�_�� �b�g�]�b�[�b�l�h�j�h�\�� �d�b�k�e�h�l�g�u�o�� �k�j�_�^��
(HCl �b���+2SO4�������b�f�b�^�Z�a�h�e�b�g�u���^�e�y �a�Z�s�b�l�u��
�\�� �k�h�e�_�\�u�o�� �j�Z�k�l�\�h�j�Z�o�� �1�D�&�O���� �K�h�]�e�Z�k�g�h�� �e�b��
�l�_�j�Z�l�m�j�g�u�f�� �^�Z�g�g�u�f���� �g�Z�j�y�^�m�� �k�� �\�u�k�h�d�h�c��
�Z�g�l�b�d�h�j�j�h�a�b�h�g�g�h�c�� �w�n�n�_�d�l�b�\�g�h�k�l�v�x���� �l�Z��
�d�b�_���b�g�]�b�[�b�l�h�j�u���h�[�e�Z�^�Z�x�l���j�y�^�h�f���i�j�_�b�f�m��
�s�_�k�l�\���� �h�g�b�� �y�\�e�y�x�l�k�y�� �[�b�h�j�Z�a�e�Z�]�Z�_�f�u�f�b����
�g�_�l�h�d�k�b�q�g�u�f�b�����\���k�j�Z�\�g�_�g�b�b���k���b�a�\�_�k�l�g�u�f�b��
�b�g�]�b�[�b�l�h�j�Z�f�b������ �Z�� �b�o�� �i�j�h�b�a�\�h�^�k�l�\�h�� �[�h�e�_�_��
�w�d�h�g�h�f�b�q�g�h���� �l�Z�d�� �d�Z�d�� �b�k�i�h�e�v�a�m�_�l�k�y�� �\�h�a�h�[��
�g�h�\�e�y�_�f�h�_���k�u�j�v�z���g�b�a�d�h�c���k�l�h�b�f�h�k�l�b���>���@�� 

�<���j�Z�f�d�Z�o���g�Z�r�b�o���i�j�_�^�u�^�m�s�b�o���b�k�k�e�_�^�h��
�\�Z�g�b�c���>��-���@���[�u�e�h���\�u�y�\�e�_�g�h���g�_�h�`�b�^�Z�g�g�h�_��
�b�g�]�b�[�b�j�m�x�s�_�_���^�_�c�k�l�\�b�_���i�j�h�^�m�d�l�h�\���j�_�Z�d��
�p�b�b�� �f�_�`�^�m�� ��-�Z�e�d�b�e-5-�Z�f�b�g�h-1H-1,2,4-
�l�j�b�Z�a�h�e�Z�f�b���b���d�h�j�b�q�g�u�f���Z�e�v�^�_�]�b�^�h�f�����i�j�h��
�y�\�e�y�x�s�b�o�� �\�u�k�h�d�m�x�� �b�g�]�b�[�b�j�m�x�s�m�x�� �Z�d��
�l�b�\�g�h�k�l�v�� �\�� �h�l�g�h�r�_�g�b�b�� �d�h�j�j�h�a�b�b�� �k�l�Z�e�b��
�K�l�����\���k�h�e�y�g�h�d�b�k�e�h�c���k�j�_�^�_�����k�h�k�l�Z�\�h�\���k�f�_��
�k�_�c�� ��������������-�l�_�l�j�Z�]�b�^�j�h-�>�����������@�l�j�b�Z��
�a�h�e�h�>������-�D�@�i�b�j�b�f�b�^�b�g-7-�h�e�h�\���� �i�h�e�m�q�Z�_��
�f�u�o���b�a���i�h�^�k�h�e�g�_�q�g�h�]�h�����i�Z�e�v�f�h�\�h�]�h�����b���d�h��
�d�h�k�h�\�h�]�h�� �f�Z�k�_�e�� �k�� �i�j�b�f�_�g�_�g�b�_�f�� �m�g�b�\�_�j��
�k�Z�e�v�g�h�]�h�� �b�g�k�l�j�m�f�_�g�l�Z�� �^�e�y�� �h�i�j�_�^�_�e�_�g�b�y��
�k�h�k�l�Z�\�Z�� �j�_�Z�d�p�b�h�g�g�h�c�� �k�f�_�k�b���± �\�u�k�h�d�h�w�n��
�n�_�d�l�b�\�g�h�c���`�b�^�d�h�k�l�g�h�c���o�j�h�f�Z�l�h�]�j�Z�n�b�b���\��



 

�K�h�j�[�p�b�h�g�g�u�_���b���o�j�h�f�Z�l�h�]�j�Z�n�b�q�_�k�d�b�_���i�j�h�p�_�k�k�u����������5�����L. 25�����‹��5. �K. 715-722. 
Sorbtsionnye i khromatograficheskie protsessy. 2025. Vol. 25, No 5. pp. 715-722. 
 
ISSN 1680-0613_____________________________________________________________ 

 

 

 
 

717  
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�H�[�s�Z�y�� �f�_�l�h�^�b�d�Z�� �k�b�g�l�_�a�Z�� ��-�a�Z�f�_�s�_�g��
�g�u�o����-�Z�f�b�g�h-1H-1,2,4-�l�j�b�Z�a�h�e�h�\������a-c). �D��
�j�Z�k�l�\�h�j�m���a���������f�h�e�v���f�Z�k�e�Z�����w�d�\�b�\�Z�e�_�g�l�g�h�_��
�d�h�e�b�q�_�k�l�\�h�� �j�Z�k�k�q�b�l�Z�g�h�� �i�h�� �q�b�k�e�m�� �h�f�u�e�_��
�g�b�y�����\�����������f�e���[�m�l�Z�g�h�e�Z���i�j�b���i�_�j�_�f�_�r�b�\�Z��
�g�b�b�� �h�k�l�h�j�h�`�g�h�� �^�h�[�Z�\�e�y�e�b�� �����k�f3 �k�_�j�g�h�c��
�d�b�k�e�h�l�u���� �I�h�k�e�_�� �w�l�h�]�h�� �i�h�j�p�b�h�g�g�h�� �^�h�[�Z�\��
�e�y�e�b���d���k�f�_�k�b�����������f�h�e�v���������������]�����Z�f�b�g�h�]�m�Z��
�g�b�^�b�g�[�b�d�Z�j�[�h�g�Z�l�Z���� �K�f�_�k�v�� �i�h�^�h�]�j�_�\�Z�e�b��
�^�h�� ����-�����ƒ�&�� ���g�Z�[�e�x�^�Z�e�b�� �\�u�^�_�e�_�g�b�_�� �m�]�e�_��
�d�b�k�e�h�]�h�� �]�Z�a�Z���� �b�� �d�b�i�y�l�b�e�b�� �k�� �g�Z�k�Z�^�d�h�c��
�>�b�g�Z-�K�l�Z�j�d�Z�� �b�� �h�[�j�Z�l�g�u�f�� �o�h�e�h�^�b�e�v�g�b��
�d�h�f���� �k�g�Z�[�`�_�g�g�u�f�� �o�e�h�j�d�Z�e�v�p�b�_�\�h�c�� �l�j�m�[��
�d�h�c���� �\�� �l�_�q�_�g�b�_�� �a������ �q�Z�k�h�\���� �I�h�� �b�k�l�_�q�_�g�b�b��
�w�l�h�]�h���\�j�_�f�_�g�b���\���j�_�Z�d�p�b�h�g�g�m�x���f�Z�k�k�m���\�g�h��
�k�b�e�b�������]���_�^�d�h�]�h���g�Z�l�j�Z���b���i�j�h�^�h�e�`�Z�e�b���d�b�i�y��
�q�_�g�b�_ �\���l�_�q�_�g�b�_���_�s�_�������q�Z�k�h�\���^�e�y���p�b�d�e�b�a�Z��
�p�b�b�� �h�[�j�Z�a�h�\�Z�g�g�h�]�h�� �b�g�l�_�j�f�_�^�b�Z�l�Z�� ��a-c*. 
�A�Z�\�_�j�r�_�g�b�_�� �i�j�h�l�_�d�Z�g�b�y�� �j�_�Z�d�p�b�b�� �n�b�d�k�b��
�j�h�\�Z�e�b�� �i�h�� �d�h�e�b�q�_�k�l�\�m�� �h�l�^�_�e�b�\�r�_�c�k�y��
�\�h�^�u�� �\�� �e�h�\�m�r�d�_�� �>�b�g�Z-�K�l�Z�j�d�Z�� ���a�������� �k�f3). 
�K�f�_�k�v�� �h�o�e�Z�`�^�Z�e�b���� �i�h�e�m�q�_�g�g�m�x�� �k�f�_�k�v��
�l�j�b�Z�a�h�e�h�\�� �i�j�h�f�u�\�Z�e�b�� �\�h�^�h�c�� �b�� �w�d�k�l�j�Z�]�b��
�j�h�\�Z�e�b�� �\�� �k�b�k�l�_�f�_�� �[�m�l�Z�g�h�e-�\�h�^�Z���� �m�^�Z�e�y�y��
�\�h�^�g�m�x�� �n�j�Z�d�p�b�x�� ���� �j�Z�a�Z���� �h�j�]�Z�g�b�q�_�k�d�m�x��
�n�j�Z�d�p�b�x���k�m�r�b�e�b���g�Z�^���k�m�e�v�n�Z�l�h�f���g�Z�l�j�b�y����
�i�h�k�e�_���q�_�]�h���m�i�Z�j�b�\�Z�e�b���g�Z���j�h�l�h�j�g�h�f���b�k�i�Z��
�j�b�l�_�e�_�� 

�H�[�s�Z�y���f�_�l�h�^�b�d�Z���k�b�g�l�_�a�Z���i�j�h�b�a�\�h�^�g�u�o��
2-�Z�e�d�b�e-5-�n�_�g�b�e-4,5,6,7-�l�_�l�j�Z�]�b�^�j�h-
�>�����������@�l�j�b�Z�a�h�e�h�>������-�D�@�i�b�j�b�f�b�^�b�g-7-�h�e�h�\��
(2a-c). �K�f�_�k�v�� �������� �f�h�e�v�� �d�h�j�b�q�g�h�]�h�� �Z�e�v�^�_��
�]�b�^�Z�� �b�� �a�������� �f�h�e�v�� �k�f�_�k�b�� �Z�f�b�g�h�l�j�b�Z�a�h�e�h�\��
1a-c �\���k�j�_�^�_���Z�f�n�h�l�_�j�g�h�]�h���I�:�<�����������f�Z�k������
�h�l���h�[�s�_�c���f�Z�k�k�u���j�_�Z�]�_�g�l�h�\�����\�u�^�_�j�`�b�\�Z�e�b��

�i�j�b�� �l�_�f�i�_�j�Z�l�m�j�_�� ����-85°C �\�� �l�_�q�_�g�b�_�� ������
�f�b�g�m�l���� �K�f�_�k�v�� �h�k�l�m�`�Z�e�b�� �b�� �b�k�k�e�_�^�h�\�Z�e�b��
�[�_�a���\�u�^�_�e�_�g�b�y���b���^�Z�e�v�g�_�c�r�_�c���h�[�j�Z�[�h�l�d�b�� 

 

 
 

�O�j�h�f�Z�l�h-�f�Z�k�k-�k�i�_�d�l�j�h�f�_�l�j�b�q�_�k�d�b�c��
�Z�g�Z�e�b�a. �D�h�e�h�g�d�Z��Zorbax Extend-C18 
(Rapid Resolution HT 2.1 x �������f�f�������������f�d�f����
�\���d�h�f�i�e�_�d�k�_��Agilent 1260 Infinity  (Agilent 
Technologies, CA, USA�������I�h�^�\�b�`�g�Z�y���n�Z�a�Z��
- �Z�p�_�l�h�g�b�l�j�b�e�����:����- �\�h�^�Z�����<����������.�������f�m�j�Z��
�\�v�b�g�h�c�� �d�b�k�e�h�l�u���� �=�j�Z�^�b�_�g�l�g�h�_�� �k�f�_�r�_�g�b�_��
�j�Z�k�l�\�h�j�b�l�_�e�_�c�����G�Z�q�Z�e�h���± �����������:�������\���l�_�q�_��
�g�b�b����.�����f�b�g�����a�Z�l�_�f��������-�����������:�����a�Z����.�����f�b�g����
�b���_�s�z����.5-�����f�b�g�m�l�u���i�j�b�������������:�������L�_�f�i�_��
�j�Z�l�m�j�Z�� �l�_�j�f�h�k�l�Z�l�Z�� �d�h�e�h�g�h�d�� �����ƒ�&���� �H�[�t�z�f��
�b�`�_�d�l�b�j�m�_�f�h�c�� �i�j�h�[�u�� ���� �f�d�e���� �K�d�h�j�h�k�l�v 
0.4 �k�f3���f�b�g���� �W�e�x�Z�l�� �\�\�h�^�b�e�b�� �g�_�i�h�k�j�_�^��
�k�l�\�_�g�g�h���\���(�6�,-�0�6�����^�_�l�_�d�l�h�j���$�J�L�O�H�Q�W������������
�7�2�)���/�&���0�6�����\�j�_�f�y�i�j�h�e�z�l�g�u�c�����b�h�g�b�a�Z�p�b�y��
- �w�e�_�d�l�j�h�k�i�j�_�c������ �A�Z�i�b�k�v�� �b�� �j�_�]�b�k�l�j�Z�p�b�x��
�k�b�]�g�Z�e�h�\���i�j�h�\�h�^�b�e�b���\���i�h�e�h�`�b�l�_�e�v�g�h�c���i�h��
�e�y�j�g�h�k�l�b���� �g�_�[�m�e�Z�c�a�_�j�� ���12���� ������ �S�V�L�J���� �]�Z�a-
�h�k�m�r�b�l�_�e�v�����12), 6 �k�f3���f�b�g�����������ƒ�&�����r�d�Z�e�Z��
�h�i�j�_�^�_�e�y�_�f�u�o�� �f�Z�k�k�� ����-3200 �P���]���� �G�Z�i�j�y��
�`�_�g�b�_���g�Z���d�Z�i�b�e�e�y�j�_��-�����������<�����n�j�Z�]�f�_�g�l�h�j��
+191 �<�����k�d�b�f�f�_�j�����������<�����2�F�W�5�)�����������<�� 

�H�[�k�m�`�^�_�g�b�_���j�_�a�m�e�v�l�Z�l�h�\ 

�K�f�_�k�v������������-�Z�f�b�g�h�l�j�b�Z�a�h�e�h�\���g�Z���h�k�g�h�\�_��
�j�Z�k�l�b�l�_�e�v�g�u�o���f�Z�k�_�e���[�u�e�Z���i�h�e�m�q�_�g�Z���j�_�Z�d��
�p�b�_�c�� �k�h�h�l�\�_�l�k�l�\�m�x�s�_�]�h�� �j�Z�k�l�b�l�_�e�v�g�h�]�h��
�f�Z�k�e�Z�� �k�� �[�b�d�Z�j�[�h�g�Z�l�h�f�� �Z�f�b�g�h�]�m�Z�g�b�^�b�g�Z����
�>�e�y���w�l�h�]�h���f�Z�k�e�h���i�h�^�\�_�j�]�Z�e�b���]�b�^�j�h�e�b�a�m���\��
�i�j�b�k�m�l�k�l�\�b�b�� �k�_�j�g�h�c�� �d�b�k�e�h�l�u���� �H�[�j�Z�a�m�x��
�s�b�_�k�y�� �\�� �j�_�a�m�e�v�l�Z�l�_��in situ �`�b�j�g�u�_�� �d�b�k��
�e�h�l�u���\�k�l�m�i�Z�x�l���\�h���\�a�Z�b�f�h�^�_�c�k�l�\�b�_���k���Z�f�b��
�g�h�]�m�Z�g�b�^�b�g�h�f���� �<�� �j�_�a�m�e�v�l�Z�l�_�� �g�Z�� �i�_�j�\�h�c��
�k�l�Z�^�b�b�� �h�[�j�Z�a�m�x�l�k�y�� ��-�Z�e�d�b�e�]�b�^�j�Z�a�b�g-1-
�d�Z�j�[�h�d�k�b�f�b�^�Z�f�b�^�u����a-c�
�����^�Z�e�_�_���h�g�b���p�b�d��
�e�b�a�m�x�l�k�y�� �\�� �k�j�_�^�_�� �s�_�e�h�q�b�� �^�h�� �p�_�e�_�\�u�o��



 

�K�h�j�[�p�b�h�g�g�u�_���b���o�j�h�f�Z�l�h�]�j�Z�n�b�q�_�k�d�b�_���i�j�h�p�_�k�k�u����������5�����L. 25�����‹��5. �K. 715-722. 
Sorbtsionnye i khromatograficheskie protsessy. 2025. Vol. 25, No 5. pp. 715-722. 
 
ISSN 1680-0613_____________________________________________________________ 

 

 

 
 

718 

1,2,4-�Z�f�b�g�h�l�j�b�Z�a�h�e�h�\�� ��a-c���� �<�u�o�h�^�� �k�h�k�l�Z��
�\�b�e���!�������� 

�K�� �i�j�b�f�_�g�_�g�b�_�f�� �f�_�l�h�^�Z�� �<�W�@�O���F�K��
�[�u�e�� �m�k�l�Z�g�h�\�e�_�g���k�h�k�l�Z�\�� �i�h�e�m�q�_�g�g�u�o�� �k�f�_��
�k�_�c���Z�f�b�g�h�l�j�b�Z�a�h�e�h�\����a-c ���l�Z�[�e�����������j�b�k������-
3�������H�k�g�h�\�g�u�f�b���i�j�b�a�g�Z�d�Z�f�b���h�[�g�Z�j�m�`�_�g�b�y��
�b�k�k�e�_�^�m�_�f�u�o�� �i�j�h�b�a�\�h�^�g�u�o�� �g�Z�� �o�j�h�f�Z�l�h��
�]�j�Z�f�f�_�� �f�h�`�g�h�� �k�q�b�l�Z�l�v�� �g�Z�e�b�q�b�_�� �g�_�k�d�h�e�v��
�d�b�o���o�Z�j�Z�d�l�_�j�g�u�o���b�e�b���[�Z�a�h�\�u�o���i�b�d�h�\���b�����\��
�i�_�j�\�m�x�� �h�q�_�j�_�^�v���� �g�Z�e�b�q�b�_�� �m�k�l�h�c�q�b�\�h�]�h��
�f�h�e�_�d�m�e�y�j�g�h�]�h���b�h�g�Z���>�0���@���� 

�I�h�e�m�q�_�g�g�u�_���k�f�_�k�b������������-�Z�f�b�g�h�l�j�b�Z�a�h��
�e�h�\�� �����D-�F���� �[�u�e�b�� �i�h�^�\�_�j�]�g�m�l�u�� �^�Z�e�v�g�_�c��
�r�_�f�m���i�j�_�\�j�Z�s�_�g�b�x���k���d�h�j�b�q�g�u�f���Z�e�v�^�_�]�b��
�^�h�f���\���k�h�h�l�\�_�l�k�l�\�b�b���k���j�Z�g�_�_���h�i�b�k�Z�g�g�h�c���f�_��
�l�h�^�b�d�h�c�� �>���@���� �I�j�h�p�_�k�k�� �i�j�h�\�h�^�b�e�b�� �i�m�l�_�f��

�g�Z�]�j�_�\�Z�g�b�y�� �k�f�_�k�b���� �k�h�^�_�j�`�Z�s�_�c�� �������� �f�h�e�v��
�d�h�j�b�q�g�h�]�h�� �Z�e�v�^�_�]�b�^�Z�� �b�� �a�������� �f�h�e�v�� �k�f�_�k�b��
�Z�f�b�g�h�l�j�b�Z�a�h�e�h�\�����\���k�j�_�^�_���Z�f�n�h�l�_�j�g�h�]�h���i�h��
�\�_�j�o�g�h�k�l�g�h-�Z�d�l�b�\�g�h�]�h���\�_�s�_�k�l�\�Z���i�j�b���l�_�f��
�i�_�j�Z�l�m�j�_������-�����ƒ�&���\���l�_�q�_�g�b�_���������f�b�g�m�l�� 

�<���o�h�^�_���^�Z�g�g�h�c���j�_�Z�d�p�b�b������������-�l�j�b�Z�a�h�e�u��
�\�k�l�m�i�Z�x�l�� �\�� �i�j�h�p�_�k�k�� �i�j�_�\�j�Z�s�_�g�b�y���� �d�h�l�h��
�j�u�c���\�d�e�x�q�Z�_�l���^�\�_���i�h�k�e�_�^�h�\�Z�l�_�e�v�g�u�_���k�l�Z��
�^�b�b���� �I�_�j�\�Z�y�� �k�l�Z�^�b�y�� �i�j�_�^�k�l�Z�\�e�y�_�l�� �k�h�[�h�c��
�i�j�b�k�h�_�^�b�g�_�g�b�_�� �w�d�a�h�p�b�d�e�b�q�_�k�d�h�c�� �Z�f�b�g�h��
�]�j�m�i�i�u�� �i�h�� �d�j�Z�l�g�h�c�� �k�\�y�a�b�� �i�h�� �f�_�o�Z�g�b�a�f�m��
�F�b�o�Z�w�e�y���� �G�Z�� �\�l�h�j�h�c�� �k�l�Z�^�b�b�� �i�j�h�b�k�o�h�^�b�l 
�\�g�m�l�j�b�f�h�e�_�d�m�e�y�j�g�Z�y�� �p�b�d�e�b�a�Z�p�b�y���� �k�h�i�j�h��
�\�h�`�^�Z�x�s�Z�y�k�y���g�m�d�e�_�h�n�b�e�v�g�u�f���i�j�b�k�h�_�^�b��
�g�_�g�b�_�f���d���d�Z�j�[�h�g�b�e�v�g�h�c���]�j�m�i�i�_�����<���j�_�a�m�e�v��

 
�J�b�k�����������O�j�h�f�Z�l�h�]�j�Z�f�f�Z���i�h�e�g�h�]�h���b�h�g�g�h�]�h���l�h�d�Z���j�_�Z�d�p�b�h�g�g�h�c���k�f�_�k�b��1,2,4-�Z�f�b�g�h�l�j�b�Z�a�h�e�h�\��

�`�b�j�g�u�o���d�b�k�e�h�l���i�h�^�k�h�e�g�_�q�g�h�]�h���f�Z�k�e�Z����a 
Fig. 1. Chromatogram of the total ion current of the reaction mixture of 1,2,4-aminotriazoles 

of sunflower oil fatty acids 1a 

 
�J�b�k�����������O�j�h�f�Z�l�h�]�j�Z�f�f�Z���i�h�e�g�h�]�h���b�h�g�g�h�]�h���l�h�d�Z���j�_�Z�d�p�b�h�g�g�h�c���k�f�_�k�b��1,2,4-�Z�f�b�g�h�l�j�b�Z�a�h�e�h�\��

�`�b�j�g�u�o���d�b�k�e�h�l���i�Z�e�v�f�h�\�h�]�h���f�Z�k�e�Z����b 
Fig. 2. Chromatogram of the total ion current of the reaction mixture of 1,2,4-aminotriazoles 

of palm oil fatty acids 1b 

 
�J�b�k�����������O�j�h�f�Z�l�h�]�j�Z�f�f�Z���i�h�e�g�h�]�h���b�h�g�g�h�]�h���l�h�d�Z���j�_�Z�d�p�b�h�g�g�h�c���k�f�_�k�b������������-�Z�f�b�g�h��

�l�j�b�Z�a�h�e�h�\���`�b�j�g�u�o���d�b�k�e�h�l���d�h�d�h�k�h�\�h�]�h���f�Z�k�e�Z�����F 
Fig. 3. Chromatogram of the total ion current of the reaction mixture of 1,2,4-aminotri-

azoles of fatty acids of coconut oil 1c 
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�l�Z�l�_���^�Z�g�g�h�]�h���i�j�h�p�_�k�k�Z���h�[�j�Z�a�m�x�l�k�y���i�j�h�b�a��
�\�h�^�g�u�_�� ��-�Z�e�d�b�e-5-�n�_�g�b�e-4,5,6,7-�l�_�l�j�Z��
�]�b�^�j�h-�>�����������@�l�j�b�Z�a�h�e�h�>������-�D�@�i�b�j�b�f�b�^�b�g-7-
�h�e�h�\�������D-c). 

�H�k�g�h�\�g�u�f�� �h�`�b�^�Z�_�f�u�f�� �p�_�e�_�\�u�f�� �i�j�h��
�^�m�d�l�h�f���^�Z�g�g�h�]�h���\�a�Z�b�f�h�^�_�c�k�l�\�b�y���y�\�e�y�x�l�k�y��

2-�Z�e�d�b�e-5-�n�_�g�b�e-4,5,6,7-�l�_�l�j�Z�]�b�^�j�h-
�>�����������@�l�j�b�Z�a�h�e�h�>������-�D�@�i�b�j�b�f�b�^�b�g-7-�h�e�u��
(2a-�F�������h�^�g�Z�d�h�����g�_���b�k�d�e�x�q�_�g�h���h�[�j�Z�a�h�\�Z�g�b�_��
�i�h�[�h�q�g�u�o���i�j�h�^�m�d�l�h�\�����l�Z�d�b�o���d�Z�d���g�_���i�h�e�g�Z�y��
�p�b�d�e�b�a�Z�p�b�y�� �l�j�b�Z�a�h�e-5-�b�e���Z�f�b�g�h��-3-�n�_��

�L�Z�[�e�b�p�Z���������K�\�h�^�g�u�_���j�_�a�m�e�v�l�Z�l�u���<�W�@�O���F�K���Z�g�Z�e�b�a�Z���k�f�_�k�_�c���Z�f�b�g�h�l�j�b�Z�a�h�e�h�\���`�b�j�g�u�o���d�b�k�e�h�l��
�i�h�^�k�h�e�g�_�q�g�h�]�h������a�������i�Z�e�v�f�h�\�h�]�h������b�����b���d�h�d�h�k�h�\�h�]�h������c�����f�Z�k�_�e 
Table 1. Summary of HPLC results/MS analysis of mixtures of aminotriazoles of fatty acids of 
sunflower (1a), palm (1b) and coconut (1c) oils 

 

1a 1b 1c 

RT�����f�b�g �f���^�������� RT�����f�b�g �f���^�������� RT�����f�b�g �f���^�������� 

R = C5H11 1.317 1.71 1.298 0.28 2.782 2.27 
R = C7H15 �± �± �± �± 3.859 3.84 
R = C11H23 �± �± �± �± 4.572 46.30 

R = C13H27 �± �± 6.090 
5.758 

1.55 
0.62 

5.551 16.40 

R = C15H31 �± �± 6.587 49.92 6.496 9.01 
R = C17H33 6.723 29.91 6.720 27.52 7.192 3.50 
R = C17H29 �± �± 8.079 0.97 7.457 2.50 
R = C17H35 7.071 1.81 7.051 3.70 7.988 6.35 
R = C17H31 6.441 57.88 6.438 11.22 8.452 2.83 
R = C19H35 8.381 2.27 8.378 1.54 �± �± 
R = C20H41 7.751 2.50 11.197 1.19 10.640 0.21 
�I�j�b�f�_�k�b  3.92  1.49  6.79 
 

 
�J�b�k�����������O�j�h�f�Z�l�h�]�j�Z�f�f�Z���i�h�e�g�h�]�h���b�h�g�g�h�]�h���l�h�d�Z���j�_�Z�d�p�b�h�g�g�h�c���k�f�_�k�b����-�Z�e�d�b�e-5-�n�_�g�b�e-4,5,6,7-
�l�_�l�j�Z�]�b�^�j�h-�>�����������@�l�j�b�Z�a�h�e�h�>������-�D�@�i�b�j�b�f�b�^�b�g-7-�h�e�h�\���`�b�j�g�u�o���d�b�k�e�h�l���i�h�^�k�h�e�g�_�q�g�h�]�h���f�Z�k�e�Z����a 
Fig. 4. Chromatogram of the total ion current of the reaction mixture of 2-alkyl-5-phenyl-4,5,6,7-

tetrahydro-[1,2,4]triazolo[1,5-a]pyrimidine-7-ols of sunflower oil fatty acids 2a 
 

 
�J�b�k����5�����O�j�h�f�Z�l�h�]�j�Z�f�f�Z���i�h�e�g�h�]�h���b�h�g�g�h�]�h���l�h�d�Z���j�_�Z�d�p�b�h�g�g�h�c���k�f�_�k�b����-�Z�e�d�b�e-5-�n�_�g�b�e-4,5,6,7-
�l�_�l�j�Z�]�b�^�j�h-�>�����������@�l�j�b�Z�a�h�e�h�>������-�D�@�i�b�j�b�f�b�^�b�g-7-�h�e�h�\���`�b�j�g�u�o���d�b�k�e�h�l���i�Z�e�v�f�h�\�h�]�h���f�Z�k�e�Z��2b 

Fig. 5. Chromatogram of the total ion current of the reaction mixture of 2-alkyl-5-phenyl-4,5,6,7-
tetrahydro-[1,2,4]triazolo[1,5-a]pyrimidine-7-ols of palm oil fatty acids 2b 
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�g�b�e�i�j�h�i�Z�g-1-�h�e�h�\����a-c�
���b�e�b���^�b�f�_�j�u���Z�e�v��
�^�_�]�b�^�h�\�����i�j�b���Z�\�l�h�d�h�g�^�_�g�k�Z�p�b�b���d�h�j�b�q�g�h�]�h��
�Z�e�v�^�_�]�b�^�Z������ �L�_�f�� �g�_�� �f�_�g�_�_���� �\�u�[�j�Z�g�g�u�_��
�m�k�e�h�\�b�y�� �j�_�Z�d�p�b�b�� �f�b�g�b�f�b�a�b�j�m�x�l�� �i�h�[�h�q��
�g�u�_���i�j�h�p�_�k�k�u���b���k�i�h�k�h�[�k�l�\�m�x�l���i�j�_�b�f�m�s�_��
�k�l�\�_�g�g�h�f�m�� �h�[�j�Z�a�h�\�Z�g�b�x�� �d�h�g�^�_�g�k�b�j�h�\�Z�g��
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�j�Z�k�i�Z�^�Z�� �l�j�b�Z�a�h�e�h�i�b�j�b�f�b�^�b�g�h�\�h�]�h�� �y�^�j�Z�� �b��
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Fig. 6. Chromatogram of the total ion current of the reaction mixture of 2-alkyl-5-phenyl-
4,5,6,7-tetrahydro-[1,2,4]triazolo[1,5-a]pyrimidine-7-ols of palm oil fatty acids 2c 

 
�L�Z�[�e�b�p�Z������ �K�\�h�^�g�u�_���j�_�a�m�e�v�l�Z�l�u���<�W�@�O���F�K���Z�g�Z�e�b�a�Z���k�f�_�k�_�c��2-�Z�e�d�b�e-5-�n�_�g�b�e-4,5,6,7-�l�_�l�j�Z��
�]�b�^�j�h-�>�����������@�l�j�b�Z�a�h�e�h�>������-�D�@�i�b�j�b�f�b�^�b�g-7-�h�e�h�\���`�b�j�g�u�o�� �d�b�k�e�h�l�� �i�h�^�k�h�e�g�_�q�g�h�]�h�� ����a������ �i�Z�e�v��
�f�h�\�h�]�h������b�����b���d�h�d�h�k�h�\�h�]�h������c�����f�Z�k�_�e 
Table 2. Summary of HPLC results/MS analysis of mixtures of 2-alkyl-5-phenyl-4,5,6,7-tetrahydro-
[1,2,4]triazolo[1,5-a]pyrimidine-7-ols of fatty acids of sunflower (2a), palm (2b) and coconut (2c) oils 

 

2a 2b 2c 

RT�����f�b�g �f���^�������� RT�����f�b�g �f���^�������� RT�����f�b�g �f���^�������� 

R = C5H11 1.658 2.77 2.457 
2.280 

0.42 
0.22 1.691 3.22 

R = C7H15 �± �± �± �± 2.318 6.81 
R = C11H23 �± �± �± �± 3.508 43.51 
R = C13H27 �± �± 6.281 0.31 6.407 17.22 
R = C15H31 �± �± 8.112 52.67 7.717 8.02 
R = C17H33 7.115 21.21 8.468 19.24 8.499 3.41 
R = C17H29 �± �± 10.116 1.12 8.721 4.20 
R = C17H35 7.694 4.72 9.171 7.25 9.093 7.32 

R = C17H31 6.633 59.41 7.700 
7.756 

4.61 
2.15 9.673 2.03 

R = C19H35 9.673 4.19 10.500 2.40 �± �± 
R = C20H41 10.115 4.05 12.695 1.29 10.950 1.11 
�I�j�b�f�_�k�b  3.65  8.32  3.15 
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���������������������Z���^�e�y���d�h�d�h�k�h�\�h�]�h�������F�����± �e�Z�m�j�b�g�h��
�\�h�c�����������������������q�l�h���h�l�j�Z�`�Z�_�l���b�o���i�j�b�j�h�^�g�u�c 
�k�h�k�l�Z�\�����I�j�h�i�h�j�p�b�b���b���k�h�h�l�g�h�r�_�g�b�y���i�j�h�b�a��
�\�h�^�g�u�o���i�j�h�q�b�o���d�Z�j�[�h�g�h�\�u�o���d�b�k�e�h�l���l�Z�d�`�_��
�k�h�h�l�\�_�l�k�l�\�m�x�l���k�j�_�^�g�_�f�m���k�h�k�l�Z�\�m���b�k�o�h�^�g�u�o��
�l�j�b�Z�p�b�e�]�e�b�p�_�j�b�g�h�\�����H�l�d�e�h�g�_�g�b�_���k�h�^�_�j�`�Z��
�g�b�y���l�j�b�Z�a�h�e�h�i�b�j�b�f�b�^�b�g�h�\���h�l���b�k�o�h�^�g�u�o���Z�e��
�d�b�e�Z�f�b�g�h�l�j�b�Z�a�h�e�h�\���g�_���k�m�s�_�k�l�\�_�g�g�h�� 

�H�^�g�Z�d�h���� �i�j�b�� �w�l�h�f�� �\�� �k�f�_�k�y�o�� ���D-�F�� �h�[�g�Z��
�j�m�`�_�g�u���i�j�b�f�_�k�b������-�����������\�_�j�h�y�l�g�h���k�h�_�^�b��
�g�_�g�b�c�� �k�� �g�_�i�h�e�g�h�c�� �p�b�d�e�b�a�Z�p�b�_�c���� �i�j�h�^�m�d��
�l�h�\���Z�\�l�h�d�h�g�^�_�g�k�Z�p�b�b���Z�e�v�^�_�]�b�^�h�\�����Z���l�Z�d�`�_��
�i�h�[�h�q�g�u�o�� �i�j�h�^�m�d�l�h�\�� �k�b�g�l�_�a�Z�� �^�e�b�g�g�h�p�_��
�i�h�q�_�q�g�u�o���Z�f�b�g�h�l�j�b�Z�a�h�e�h�\�����i�h�f�b�f�h���w�l�h�]�h��
�g�Z�� �o�j�h�f�Z�l�h�]�j�Z�f�f�Z�o�� �l�Z�d�`�_�� �i�j�b�k�m�l�k�l�\�m�x�l��
�g�_�j�Z�a�f�_�q�_�g�g�u�_�� �i�b�d�b���� �k�h�h�l�\�_�l�k�l�\�m�x�s�b�_��
�d�h�f�i�h�g�_�g�l�Z�f�� �b�k�i�h�e�v�a�h�\�Z�g�g�h�]�h�� �i�j�b�� �i�j�b��
�]�h�l�h�\�e�_�g�b�b�� �k�f�_�k�_�c�� ��a-c �I�:�<���� �I�j�b�� �w�l�h�f��
�h�k�g�h�\�g�h�_�� �g�Z�i�j�Z�\�e�_�g�b�_�� �j�_�Z�d�p�b�b�� �k�h�h�l�\�_�l��
�k�l�\�m�_�l���h�`�b�^�Z�_�f�h�f�m���h�[�j�Z�a�h�\�Z�g�b�x���l�j�b�Z�a�h��
�e�h�i�b�j�b�f�b�^�b�g�h�\�� 

�<�� �p�_�e�h�f���� �i�j�h�\�_�^�z�g�g�h�_�� �b�k�k�e�_�^�h�\�Z�g�b�_��
�i�h�^�l�\�_�j�^�b�e�h�� �\�h�a�f�h�`�g�h�k�l�v�� �p�_�e�_�g�Z�i�j�Z�\��
�e�_�g�g�h�]�h�� �i�h�e�m�q�_�g�b�y�� �d�h�g�^�_�g�k�b�j�h�\�Z�g�g�u�o��
�]�_�l�_�j�h�p�b�d�e�h�\���± �i�j�h�b�a�\�h�^�g�u�o�� ��-�Z�e�d�b�e-5-
�n�_�g�b�e-4,5,6,7-�l�_�l�j�Z�]�b�^�j�h-�>�����������@�l�j�b�Z��
�a�h�e�h�>������-�D�@�i�b�j�b�f�b�^�b�g-7-�h�e�h�\���± �b�a�� �^�h��
�k�l�m�i�g�h�]�h���b���\�h�a�h�[�g�h�\�e�y�_�f�h�]�h���k�u�j�v�y�����M�k�l�Z��
�g�h�\�e�_�g�g�u�_�� �a�Z�d�h�g�h�f�_�j�g�h�k�l�b�� �n�h�j�f�b�j�h�\�Z��
�g�b�y���i�j�h�^�m�d�l�h�\�u�o���k�f�_�k�_�c���h�l�d�j�u�\�Z�x�l���i�_�j��
�k�i�_�d�l�b�\�u���^�e�y���\�Z�j�v�b�j�h�\�Z�g�b�y���k�h�k�l�Z�\�Z���b�g�]�b��
�[�b�l�h�j�h�\���d�h�j�j�h�a�b�b �a�Z�� �k�q�z�l�� �\�u�[�h�j�Z�� �d�h�g��
�d�j�_�l�g�h�]�h�� �l�b�i�Z�� �j�Z�k�l�b�l�_�e�v�g�h�]�h�� �f�Z�k�e�Z���� �W�l�h��
�i�h�a�\�h�e�y�_�l�� �h�i�l�b�f�b�a�b�j�h�\�Z�l�v�� �k�\�h�c�k�l�\�Z���i�h��
�e�m�q�Z�_�f�u�o���d�h�f�i�h�a�b�p�b�c���± �h�l���j�Z�k�l�\�h�j�b�f�h�k�l�b��
�^�h�� �b�g�]�b�[�b�j�m�x�s�_�c�� �Z�d�l�b�\�g�h�k�l�b���± �b�� �^�_�e�Z�_�l��
�b�k�k�e�_�^�h�\�Z�g�g�u�c�� �i�h�^�o�h�^�� �i�j�b�\�e�_�d�Z�l�_�e�v�g�u�f��
�k�� �l�h�q�d�b�� �a�j�_�g�b�y�� �d�Z�d�� �n�m�g�^�Z�f�_�g�l�Z�e�v�g�h�c�� �o�b��
�f�b�b���� �l�Z�d�� �b�� �i�j�Z�d�l�b�q�_�k�d�h�]�h�� �i�j�b�f�_�g�_�g�b�y�� �\��
�g�_�n�l�_�o�b�f�b�b���b���k�f�_�`�g�u�o���h�[�e�Z�k�l�y�o�� 
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Abstract. Annotation. An interstate standard (GOST 34967-2023) has been developed for the separate deter-
mination of the content of added phosphates in food products in the measurement range from 0.02 to 20.00 
g/kg (g/dm3) [1]. The standard applies to food products �± milk (including powdered and concentrated milk), 
cream, young cheeses, meat of all types of animals and poultry, meat products and meat sausages, fish, aquatic 
invertebrates and products produced from them, with the exception of canned food and preserves, and estab-
lishes a method of ion chromatography with a conductive-classical detection of determination of the content 
of added phosphates in the form of phosphate anions: orthophosphate �± (PO4

3-), pyrophosphate- (P2O7
4-), tri-

methaphosphate- (P3O9
3-), tripolyphosphate- (P3O10

5-). A 2% solution of trifluoroacetic acid was used to extract 
the added phosphates from the analyzed sample, and the extracts were purified on solid-phase extraction car-
tridges filled with reverse-phase sorbent (C18). Phosphates were separated on an ion-exchange chromato-
graphic column Dionex�Œ lonPac�Œ AS16 (250 x 4 mm) with a protective column lonPac�Œ AG16 (50 x 4 
mm) in the gradient elution mode. A solution of potassium hydroxide with a concentration of 100 mmol/dm3 
was used as mobile phase A, and deionized water was used as mobile phase B. The quantitative determination 
was carried out using an ion chromatograph, which included a gradient pump, a device for automatic sample 
entry, an eluent generator with a disposable cartridge containing potassium hydroxide, a background conduc-
tivity suppressor, a inductometric detector, and a chromatographic column thermostat providing a heating tem-
perature of up to (40±1)°C. The use of a background electrical conductivity suppressor made it possible to 
increase the sensitivity of the detector by reducing background noise at high concentrations of potassium hy-
droxide necessary for the separation of polyphosphates. The calibration graph is linear for the orthophosphate 
anion in the range from 1 to 200 mg/dm3 and from 1 to 100 mg/dm3 for pyrophosphate, trimethaphosphate, 
and tripolyphosphate anions. The correlation coefficient for each anion is more than 99.5%. The detection limit 
for phosphate anions is 0.01 g/kg, the detection limit is 0.02 g/kg.  
Keywords: food additives, added phosphates, ion chromatography, quality and safety control. 
For citation: Ispiryan A.Z., Sysueva S.V., Mysina Yu.S., Bachinskaya N.A., Nesterenko I.S. Separate deter-
mination of the content of added phosphates by ion chromatography. Sorbtsionnye i khromatograficheskie 
protsessy. 2025. 25(5): 723-729. (In Russ.). https://doi.org/10.17308/sorpchrom.2025.25/13422 
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7785-84-�������� �l�j�b�i�h�e�b�n�h�k�n�Z�l�� �g�Z�l�j�b�y��
(Na5P3O10, CAS 7758-29-�������� �>�e�y�� �i�h�e�m�q�_��
�g�b�y�� �^�_�b�h�g�b�a�b�j�h�\�Z�g�g�h�c�� �\�h�^�u�� �b�k�i�h�e�v�a�h��
�\�Z�e�b�� �k�b�k�l�_�f�m�� �i�h�^�]�h�l�h�\�d�b�� �\�h�^�u�� �6�D�U�W�R�U�L�X�V��
�D�U�L�X�P���P�L�Q�L�����6�D�U�W�R�U�L�X�V�����=�_�j�f�Z�g�b�y�������<���j�Z�[�h�l�_��
�b�k�i�h�e�v�a�h�\�Z�e�b�� �b�h�g�g�u�c�� �o�j�h�f�Z�l�h�]�j�Z�n��

Dionex ICS-�����������k���d�h�g�^�m�d�l�h�f�_�l�j�b�q�_�k�d�b�f��
�^�_�l�_�d�l�h�j�h�f���� �\�d�e�x�q�Z�x�s�b�c�� �]�j�Z�^�b�_�g�l�g�u�c��
�g�Z�k�h�k���� �Z�\�l�h�k�Z�f�i�e�_�j���� �]�_�g�_�j�Z�l�h�j�� �w�e�x�_�g�l�Z���k��
�j�Z�k�o�h�^�g�u�f�� �d�Z�j�l�j�b�^�`�_�f���� �k�h�^�_�j�`�Z�s�b�f��
�j�Z�k�l�\�h�j�� �]�b�^�j�h�d�k�b�^�Z�� �d�Z�e�b�y�� �k�� �d�h�g�p�_�g�l�j�Z��
�p�b�_�c�����������������d�h�g�^�m�d�l�h�f�_�l�j�b�q�_�k�d�b�c���^�_�l�_�d��
�l�h�j�� �k�� �k�b�]�g�Z�e�v�g�u�f�� �^�b�Z�i�Z�a�h�g�h�f�� �^�h�� ������ ������ 
�f�d�K�f�����—�6�������i�h�^�Z�\�b�l�_�e�v���n�h�g�h�\�h�c���w�e�_�d�l�j�h��
�i�j�h�\�h�^�g�h�k�l�b�� �w�e�x�_�g�l�Z���� �l�_�j�f�h�k�l�Z�l�� �o�j�h�f�Z��
�l�h�]�j�Z�n�b�q�_�k�d�h�c�� �d�h�e�h�g�d�b���� �h�[�_�k�i�_�q�b�\�Z�x��
�s�b�c���l�_�f�i�_�j�Z�l�m�j�m���g�Z�]�j�_�\�Z���^�h�������“���ƒ�K�����>�e�y��
�i�h�^�]�h�l�h�\�d�b�� �i�j�h�[�� �b�� �k�l�Z�g�^�Z�j�l�g�u�o�� �j�Z�k�l�\�h��
�j�h�\�� �i�h�e�v�a�h�\�Z�e�b�k�v�� �\�_�k�Z�f�b���w�e�_�d�l�j�h�g�g�u�f�b��
�e�Z�[�h�j�Z�l�h�j�g�u�f�b�� �� �'�/-1200 (A&D 
�&�R�P�S�D�Q�\���� �Y�i�h�g�b�y���� �b�� �'�L�V�F�R�Y�H�U�\�� �'�9-214C 
���2�K�D�X�V�����K�R�:�������Z�g�Z�e�b�l�b�q�_�k�d�h�c���f�_�e�v�g�b�p�_�c��
�$������ �E�D�V�L�F�� ���,�.�$���� �=�_�j�f�Z�g�b�y������ �\�k�l�j�y�o�b�\�Z�l�_��
�e�_�f�����<�h�j�l�_�d�k���5�H�D�[�&�R�Q�W�U�R�O�����+�H�L�G�R�O�S�K�����=�_�j��
�f�Z�g�b�y������ �p�_�g�l�j�b�n�m�]�h�c�� �0�X�O�W�L�I�X�J�H�� ���6-R 
���7�K�H�U�P�R�� �)�L�V�K�H�U���6�F�L�H�Q�W�L�I�L�F���� �K�R�:������ �p�_�g�l�j�b��
�n�m�]�h�c�� �$�O�O�H�J�U�D�� �;-15R (Beckman 
�&�2�8�/�7�(�5�����K�R�:�������m�e�v�l�j�Z�a�\�m�d�h�\�h�c���[�Z�g�_�c��
�6�����+�����(�O�P�D�V�R�Q�L�F�����=�_�j�f�Z�g�b�y�������h�^�g�h�d�Z�g�Z�e�v��
�g�u�f�b�� �^�h�a�Z�l�h�j�Z�f�b�� �i�_�j�_�f�_�g�g�h�]�h�� �h�[�t�_�f�Z��
���%�L�R�K�L�W���� �N�b�g�e�y�g�^�b�y������ �d�Z�j�l�j�b�^�`�Z�f�b �^�e�y��
�l�\�_�j�^�h�n�Z�a�g�h�c�� �w�d�k�l�j�Z�d�p�b�b�� �\�f�_�k�l�b�f�h�k�l�v�x��
�g�_�� �f�_�g�_�_�� ���� �k�f3���� �a�Z�i�h�e�g�_�g�g�u�f�b �h�[�j�Z��
�s�_�g�g�h-�n�Z�a�h�\�u�f�� �k�h�j�[�_�g�l�h�f�� �K������ �k�� �q�Z�k�l�b��
�p�Z�f�b�� �^�b�Z�f�_�l�j�h�f�� �g�_�� �[�h�e�_�_�� ������ �f�d�f���� �n�b�e�v��
�l�j�Z�f�b �g�_�c�e�h�g�h�\�u�f�b �r�i�j�b�p�_�\�u�f�b �k�� �j�Z�a��
�f�_�j�h�f�� �i�h�j�� ���������� �f�d�f�� �2�O�L�P�3�H�D�N��
���7�H�N�Q�R�N�U�R�P�D���� �B�k�i�Z�g�b�y������ �<�� �d�Z�q�_�k�l�\�_�� �i�h��
�^�\�b�`�g�h�c�� �n�Z�a�u�� �:�� �b�k�i�h�e�v�a�h�\�Z�e�b�� �j�Z�k�l�\�h�j��
�]�b�^�j�h�d�k�b�^�Z�� �d�Z�e�b�y��c �d�h�g�p�_�g�l�j�Z�p�b�_�c�� ��������
�f�f�h�e�v���^�f3���� �d�h�l�h�j�u�c�� �]�h�l�h�\�b�e�b�� �Z�\�l�h�f�Z�l�b��
�q�_�k�d�b�� �k�� �i�h�f�h�s�v�x�� �]�_�g�_�j�Z�l�h�j�Z�� �w�e�x�_�g�l�Z�� �b��
�i�j�h�]�j�Z�f�f�g�h�]�h�� �h�[�_�k�i�_�q�_�g�b�y���� �<�� �d�Z�q�_�k�l�\�_��
�i�h�^�\�b�`�g�h�c���n�Z�a�u���;���b�k�i�h�e�v�a�h�\�Z�e�b���^�_�b�h�g�b��
�a�b�j�h�\�Z�g�g�m�x���\�h�^�m�����>�e�y���j�Z�a�^�_�e�_�g�b�y���n�h�k�n�Z��
�l�h�\�� �b�k�i�h�e�v�a�h�\�Z�e�b�� �b�h�g�h�h�[�f�_�g�g�m�x�� �d�h��
�e�h�g�d�m��Dionex�Œ lonPac�Œ AS16 4�o���������f�f��
�k�� �a�Z�s�b�l�g�h�c�� �d�h�e�h�g�d�h�c��lonPac�Œ AG16 �b��
�m�k�l�Z�g�Z�\�e�b�\�Z�e�b���k�e�_�^�m�x�s�b�_���i�Z�j�Z�f�_�l�j�u���j�Z��
�[�h�q�b�o�� �j�_�`�b�f�h�\�� �o�j�h�f�Z�l�h�]�j�Z�n�b�q�_�k�d�h�]�h��
�j�Z�a�^�_�e�_�g�b�y�� �l�_�f�i�_�j�Z�l�m�j�Z�� �l�_�j�f�h�k�l�Z�l�Z�� �d�h��
�e�h�g�d�b�� �����ƒ�K���� �k�d�h�j�h�k�l�v���i�h�l�h�d�Z�� �i�h�^�\�b�`�g�h�c��
�n�Z�a�u�����������k�f3���f�b�g�����h�[�t�_�f���\�\�h�^�b�f�h�c���i�j�h�[�u��
���������� �f�d�e���� �=�j�Z�^�b�_�g�l�g�u�c�� �j�_�`�b�f�� �i�h�^�Z�q�b��
�i�h�^�\�b�`�g�h�c���n�Z�a�u���m�k�l�Z�g�h�\�b�e�b���k�e�_�^�m�x�s�b�c����
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���������f�b�g�������������;���������������f�b�g�������������;�������������f�b�g��
�����������;�����������������f�b�g�������������;�������������f�b�g�����������;������ 

�B�k�o�h�^�g�u�_�� �k�l�Z�g�^�Z�j�l�g�u�_�� �j�Z�k�l�\�h�j�u�� �K0 �k��
�f�Z�k�k�h�\�u�f�b���d�h�g�p�_�g�l�j�Z�p�b�y�f�b���n�h�k�n�Z�l-�Z�g�b��
�h�g�h�\�������������f�]���^�f3 �]�h�l�h�\�b�e�b���b�a���g�Z�\�_�k�h�d���h�[��
�j�Z�a�p�h�\�� �k�j�Z�\�g�_�g�b�y�� �\�� �^�_�b�h�g�b�a�b�j�h�\�Z�g�g�h�c��
�\�h�^�_���� �=�j�Z�^�m�b�j�h�\�h�q�g�u�_�� �j�Z�k�l�\�h�j�u�� �]�h�l�h��
�\�b�e�b���i�m�l�_�f���i�h�k�e�_�^�h�\�Z�l�_�e�v�g�h�]�h���j�Z�a�[�Z�\�e�_��
�g�b�y�� �b�k�o�h�^�g�u�o�� �j�Z�k�l�\�h�j�h�\�� �^�h�� �d�h�g�p�_�g�l�j�Z��
�p�b�c�����������������������������������������������������b�������f�]���^�f3. �>�e�y��
�a�Z�f�_�^�e�_�g�b�y�� �]�b�^�j�h�e�b�a�Z�� �i�h�e�b�n�h�k�n�Z�l�h�\���� �Z��
�l�Z�d�`�_���h�k�l�Z�g�h�\�d�b���j�h�k�l�Z���f�b�d�j�h�h�j�]�Z�g�b�a�f�h�\����
�d�h�l�h�j�u�_���f�h�]�m�l���j�Z�a�j�m�r�Z�l�v���Z�g�b�h�g�u���n�h�k�n�Z��
�l�h�\�� �\�� �k�l�Z�g�^�Z�j�l�g�u�_�� �j�Z�k�l�\�h�j�u�� �^�h�[�Z�\�e�y�e�b��
������������ �k�f3 �j�Z�k�l�\�h�j�Z���]�b�^�j�h�d�k�b�^�Z �d�Z�e�b�y�� �k��
�d�h�g�p�_�g�l�j�Z�p�b�_�c�������f�h�e�v���^�f3[3]. 

�>�e�y�� �d�Z�`�^�h�]�h�� �Z�g�Z�e�b�l�Z�� �m�k�l�Z�g�Z�\�e�b�\�Z�e�b��
�e�b�g�_�c�g�m�x�� �]�j�Z�^�m�b�j�h�\�h�q�g�m�x�� �o�Z�j�Z�d�l�_�j�b��
�k�l�b�d�m���d�Z�d���a�Z�\�b�k�b�f�h�k�l�v���f�Z�k�k�h�\�h�c���d�h�g�p�_�g��
�l�j�Z�p�b�b�� �h�l�� �i�e�h�s�Z�^�b�� �i�b�d�Z���� �=�j�Z�^�m�b�j�h�\�h�q��
�g�u�c�� �]�j�Z�n�b�d�� �e�b�g�_�c�g�u�c�� �^�e�y�� �h�j�l�h�n�h�k�n�Z�l-
�Z�g�b�h�g�Z�� �\�� �^�b�Z�i�Z�a�h�g�_�� �h�l�� ���� �^�h�� �������� �f�]���^�f3 
(y� �������������[�����b���h�l�������^�h�����������f�]���^�f3 �^�e�y���i�b��
�j�h�n�h�k�n�Z�l�� ��y� �������������[������ �l�j�b�f�_�l�Z�n�h�k�n�Z�l����
(y� �������������[������ �l�j�b�i�h�e�b�n�h�k�n�Z�l�� ��y=0.1043x) 
�± �Z�g�b�h�g�h�\�����D�h�w�n�n�b�p�b�_�g�l���d�h�j�j�_�e�y�p�b�b���^�e�y��
�d�Z�`�^�h�]�h�� �Z�g�b�h�g�Z�� �[�h�e�_�_�� �������������� �O�j�h�f�Z�l�h��
�]�j�Z�f�f�Z�� �]�j�Z�^�m�b�j�h�\�h�q�g�h�]�h�� �j�Z�k�l�\�h�j�Z�� �i�j�_�^��
�k�l�Z�\�e�_�g�Z�� �g�Z�� �j�b�k�������Z������ �I�j�_�^�_�e�� �h�[�g�Z�j�m�`�_��
�g�b�y���^�e�y���n�h�k�n�Z�l-�Z�g�b�h�g�h�\�������������]���d�]�����i�j�_�^�_�e��
�h�i�j�_�^�_�e�_�g�b�y�������������]���d�]�� 

�W�d�k�l�j�Z�d�p�b�x�� �n�h�k�n�Z�l�h�\�� �b�a�� �i�b�s�_�\�u�o��
�i�j�h�^�m�d�l�h�\���i�j�h�\�h�^�b�e�b���k���i�h�f�h�s�v�x���������j�Z�k��
�l�\�h�j�Z�� �l�j�b�n�l�h�j�m�d�k�m�k�g�h�c�� �d�b�k�e�h�l�u���� �>�e�y��
�i�j�_�^�h�l�\�j�Z�s�_�g�b�y�� �a�Z�]�j�y�a�g�_�g�b�y�� �o�j�h�f�Z�l�h��
�]�j�Z�n�b�q�_�k�d�h�c���d�h�e�h�g�d�b���b���k�h�o�j�Z�g�_�g�b�y���_�z���w�n��
�n�_�d�l�b�\�g�h�k�l�b���w�d�k�l�j�Z�d�l�u���h�q�b�s�Z�e�b���k���i�h�f�h��
�s�v�x�� �d�Z�j�l�j�b�^�`�_�c�� �^�e�y�� �l�\�_�j�^�h�n�Z�a�g�h�c�� �w�d�k��
�l�j�Z�d�p�b�b���� �a�Z�i�h�e�g�_�g�g�u�o�� �h�[�j�Z�s�_�g�g�h-�n�Z�a�h��
�\�u�f���k�h�j�[�_�g�l�h�f���K��������Copure TM). 

�H�[�k�m�`�^�_�g�b�_���j�_�a�m�e�v�l�Z�l�h�\ 

�B�h�g�g�Z�y�� �o�j�h�f�Z�l�h�]�j�Z�n�b�y���± �k�Z�f�u�c�� �j�Z�k��
�i�j�h�k�l�j�Z�g�z�g�g�u�c�� �f�_�l�h�^�� �j�Z�a�^�_�e�_�g�b�y�� �Z�g�b�h��
�g�h�\���� �M�k�e�h�\�b�y���� �i�j�_�^�e�h�`�_�g�g�u�_�� �\�� �j�Z�[�h�l�Z�o��
[3-���@�� �^�e�y�� �j�Z�a�^�_�e�_�g�b�y�� �n�h�k�n�Z�l-�Z�g�b�h�g�h�\��
�h�d�Z�a�Z�e�b�k�v�� �^�e�y�� �g�Z�k�� �g�_�i�j�b�_�f�e�_�f�u�� �b�a-�a�Z��
�g�b�a�d�h�c���k�d�h�j�h�k�l�b���i�h�l�h�d�Z���i�h�^�\�b�`�g�h�c���n�Z�a�u����

�l�_�f�i�_�j�Z�l�m�j�u�� �l�_�j�f�h�k�l�Z�l�Z�� �d�h�e�h�g�d�b�� �b�� �i�j�b��
�\�_�^�_�g�g�u�o���i�Z�j�Z�f�_�l�j�h�\���]�j�Z�^�b�_�g�l�g�h�]�h���w�e�x��
�b�j�h�\�Z�g�b�y���� �>�e�y�� �j�Z�a�^�_�e�_�g�b�y�� �h�j�l�h�n�h�k�n�Z�l-, 
�i�b�j�h�n�h�k�n�Z�l-���� �l�j�b�f�_�l�Z�n�h�k�n�Z�l-���� �l�j�b�i�h�e�b��
�n�h�k�n�Z�l-�Z�g�b�h�g�h�\���f�u���i�j�b�f�_�g�b�e�b���Z�g�b�h�g�g�h��
�h�[�f�_�g�g�m�x�� �d�h�e�h�g�d�m��Dionex�Œ IonPac�Œ 
�$�6������ ���o�������� �f�f�� �k�� �a�Z�s�b�l�g�h�c�� �d�h�e�h�g�d�h�c��
IonPac�Œ AG16 4�o������ �f�f���� �I�j�b�� �h�i�l�b�f�b�a�Z��
�p�b�b�� �i�j�h�p�_�k�k�Z�� �j�Z�a�^�_�e�_�g�b�y�� �n�h�k�n�Z�l��- �Z�g�b�h��
�g�h�\���f�u���b�k�i�h�e�v�a�h�\�Z�e�b���j�Z�a�e�b�q�g�u�_���j�_�`�b�f�u��
�w�e�x�b�j�h�\�Z�g�b�y���� �l�_�f�i�_�j�Z�l�m�j�m�� �l�_�j�f�h�k�l�Z�l�Z��
�d�h�e�h�g�d�b���� �d�h�g�p�_�g�l�j�Z�p�b�x�� �b�� �k�d�h�j�h�k�l�v�� �i�h��
�^�Z�q�b�� �i�h�^�\�b�`�g�h�c�� �n�Z�a�u�� ���������� �f�f�h�e�v���^�f3 

�D�H�G������ �<�� �b�a�h�d�j�Z�l�b�q�_�k�d�h�f�� �j�_�`�b�f�_�� �w�e�x�b��
�j�h�\�Z�g�b�y���� �k�d�h�j�h�k�l�b�� �i�h�^�Z�q�b�� �i�h�^�\�b�`�g�h�c��
�n�Z�a�u�� �h�l�� �������� �^�h�� �������� �k�f3���f�b�g���� �l�_�f�i�_�j�Z�l�m�j�_��
�l�_�j�f�h�k�l�Z�l�Z�� �d�h�e�h�g�d�b�� ������ �ƒ�K�� �b�� �d�h�g�p�_�g�l�j�Z��
�p�b�b���D�H�G���h�l���������^�h�������������i�h�e�g�h�k�l�v�x���h�l�k�m�l��
�k�l�\�h�\�Z�e�h���m�^�_�j�`�b�\�Z�g�b�_���d�h�f�i�h�g�_�g�l�h�\�������I�j�b��
�b�a�h�d�j�Z�l�b�q�_�k�d�h�c�� �i�h�^�Z�q�_�� �i�h�^�\�b�`�g�h�c�� �n�Z�a�u��
���������� �D�H�G������ �l�_�f�i�_�j�Z�l�m�j�_�� �l�_�j�f�h�k�l�Z�l�Z�� �d�h��
�e�h�g�d�b�� ������ �ƒ�K�� �b�� �k�d�h�j�h�k�l�b�� �i�h�^�Z�q�b�� �w�e�x�_�g�l�Z��
�������� �k�f3���� �f�b�g�� �\�h�a�f�h�`�g�h�� �h�i�j�_�^�_�e�_�g�b�_��
�l�h�e�v�d�h���h�j�l�h�n�h�k�n�Z�l-�Z�g�b�h�g�Z���� �>�e�y���j�Z�a�^�_�e�_��
�g�b�y�� �h�k�l�Z�e�v�g�u�o�� �n�h�k�n�Z�l-�Z�g�b�h�g�h�\�� �g�_�h�[�o�h��
�^�b�f�Z�� �[�h�e�_�_�� �\�u�k�h�d�Z�y�� �d�h�g�p�_�g�l�j�Z�p�b�y�� �D�H�G����
�<���j�_�a�m�e�v�l�Z�l�_���w�d�k�i�_�j�b�f�_�g�l�h�\���m�k�l�Z�g�h�\�b�e�b����
�q�l�h���^�e�y���k�_�e�_�d�l�b�\�g�h�]�h���j�Z�a�^�_�e�_�g�b�y���\�k�_�o���q�_��
�l�u�j�z�o�� �n�h�k�n�Z�l-�Z�g�b�h�g�h�\�� �g�_�h�[�o�h�^�b�f�u�� �]�j�Z��
�^�b�_�g�l�g�h�_���w�e�x�b�j�h�\�Z�g�b�_���i�h�^�\�b�`�g�h�c���n�Z�a�u����
�h�i�l�b�f�Z�e�v�g�Z�y���l�_�f�i�_�j�Z�l�m�j�Z���l�_�j�f�h�k�l�Z�l�Z���d�h��
�e�h�g�d�b���������ƒ�K�����b���k�d�h�j�h�k�l�v���i�h�^�Z�q�b���w�e�x�_�g�l�Z��
�����������k�f3���f�b�g���� 

�E�b�g�_�c�g�h�k�l�v�� �m�k�l�Z�g�Z�\�e�b�\�Z�e�b�� �i�m�l�_�f�� �i�h��
�k�e�_�^�h�\�Z�l�_�e�v�g�h�]�h�� �j�Z�a�[�Z�\�e�_�g�b�y�� �b�k�o�h�^�g�h�]�h��
�k�f�_�r�Z�g�g�h�]�h�� �k�l�Z�g�^�Z�j�l�g�h�]�h�� �j�Z�k�l�\�h�j�Z�� �n�h�k��
�n�Z�l-�Z�g�b�h�g�h�\�� 

�I�j�b�� �h�i�l�b�f�b�a�Z�p�b�b�� �i�j�h�p�_�k�k�Z�� �i�h�^�]�h��
�l�h�\�d�b���h�[�j�Z�a�p�h�\���^�e�y���w�d�k�l�j�Z�d�p�b�b���n�h�k�n�Z�l�h�\��
�b�k�i�h�e�v�a�h�\�Z�e�b���^�_�b�h�g�b�a�h�\�Z�g�g�m�x���\�h�^�m�����Z�p�_��
�l�h�g�b�l�j�b�e���� �j�Z�k�l�\�h�j�� �]�b�^�j�h�d�k�b�^�Z�� �g�Z�l�j�b�y 
�������� �f�f�h�e�v���^�f3������ ������ �l�j�b�n�l�h�j�m�d�k�m�k�g�m�x�� �b��
�������m�d�k�m�k�g�m�x���d�b�k�e�h�l�u���>��-���@�����I�j�b���b�a�\�e�_�q�_��
�g�b�b���n�h�k�n�Z�l�h�\���^�_�b�h�g�b�a�b�j�h�\�Z�g�g�h�c���\�h�^�h�c���b��
�j�Z�k�l�\�h�j�h�f�� �]�b�^�j�h�d�k�b�^�Z�� �g�Z�l�j�b�y���j�Z�k�l�\�h�j�u��
�h�k�l�Z�\�Z�e�b�k�v���f�m�l�g�u�f�b���b���l�j�_�[�h�\�Z�e�b���^�Z�e�v�g�_�c��
�r�_�c�� �h�q�b�k�l�d�b�� �h�l�� �[�_�e�d�h�\���� �� �I�j�b�� �b�a�\�e�_�q�_�g�b�b��
�Z�p�_�l�h�g�b�l�j�b�e�h�f�� �b�a�\�e�_�q�_�g�b�_�� �n�h�k�n�Z�l�h�\��
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�[�u�e�h���f�_�g�v�r�_�����������b�a-�a�Z���i�e�h�o�h�c���j�Z�k�l�\�h�j�b��
�f�h�k�l�b���n�h�k�n�Z�l�h�\���\���Z�p�_�l�h�g�b�l�j�b�e�_�����Z���������m�d��
�k�m�k�g�h�c���d�b�k�e�h�l�h�c���± �����������G�Z�b�e�m�q�r�b�_���i�h�d�Z��

�a�Z�l�_�e�b���b�a�\�e�_�q�_�g�b�y�����[�h�e�_�_�������������[�u�e�b���i�h�e�m��
�q�_�g�u�� �i�j�b�� �w�d�k�l�j�Z�d�p�b�b�� ������ �l�j�b�n�l�h�j�m�d�k�m�k 
�g�h�c���d�b�k�e�h�l�h�c�� 

 
�J�b�k�������Z�����O�j�h�f�Z�l�h�]�j�Z�f�f�Z���]�j�Z�^�m�b�j�h�\�h�q�g�h�]�h���j�Z�k�l�\�h�j�Z���k���d�h�g�p�_�g�l�j�Z�p�b�_�c���������f�]���^�f3. 

���[�����J�_�a�m�e�v�l�Z�l���o�j�h�f�Z�l�h�]�j�Z�n�b�q�_�k�d�h�]�h���j�Z�a�^�_�e�_�g�b�y���j�Z�a�e�b�q�g�u�o���Z�g�b�h�g�h�\���������± �J�H43-, 2 �± P2O7
4-, 

3 �± �J3�H9
3-, 4 �± �J3�H10

5-; a �± �o�e�h�j�b�^-�b�h�g����b �± �[�_�g�a�h�Z�l-�b�h�g����c �± �g�b�l�j�b�l-�b�h�g����d �± �g�b�l�j�Z�l-�b�h�g����e �± 
�k�h�j�[�Z�l-�b�h�g����f �± �p�b�l�j�Z�l-�b�h�g�������\�����O�j�h�f�Z�l�h�]�j�Z�f�f�Z���d�h�e�[�Z�k�u���d�h�i�q�_�g�h�c�����k�h�^�_�j�`�Z�s�_�c���n�h�k�n�Z�l-

�Z�g�b�h�g�u�������]�����O�j�h�f�Z�l�h�]�j�Z�f�f�Z���f�h�e�h�d�Z�����k�h�^�_�j�`�Z�s�_�]�h���h�j�l�h�n�h�k�n�Z�l���Z�g�b�h�g�� 
Fig.  (a) Chromatogram of a calibration solution with a concentration of 25 mg/dm3. (b) The 
result of chromatographic separation of various anions. 1 �± PO4

3-, 2 �± P2O7
4-, 3 �± P3O9

3-, 
4 �± P3O10

5-; a �± chloride ion, b �± benzoate ion, c �± nitrite ion, d �± nitrate ion, e �± sorbate ion, 
f �± citrate ion. (c) Chromatogram of smoked sausage containing phosphate anions. 

(d) Chromatogram of milk containing orthophosphate anion. 
 

�L�Z�[�e�b�p�Z�����I�h�d�Z�a�Z�l�_�e�b���l�h�q�g�h�k�l�b���b���i�j�_�p�b�a�b�h�g�g�h�k�l�b���f�_�l�h�^�Z���i�j�b���h�i�j�_�^�_�e�_�g�b�b���k�h�^�_�j�`�Z�g�b�y���n�h�k��
�n�Z�l���± �Z�g�b�h�g�h�\���\���^�b�Z�i�Z�a�h�g�_���b�a�f�_�j�_�g�b�c���h�l����.�������^�h������.�������]���d�]�����]���^�f3) 
Table. Parameters of the accuracy and precision of the method in determining the content of phos-
phate anions in the measurement range from 0.02 to 20.00 g/kg (g/dm3) 

�:�g�Z�e�b�l 

�A�g�Z�q�_�g�b�_���h�l�g�h��
�k�b�l�_�e�v�g�h�c���j�Z�k��
�r�b�j�_�g�g�h�c���g�_��

�h�i�j�_�^�_�e�_�g-�g�h�k�l�b��
Ui, % 

�I�h�d�Z�a�Z�l�_�e�v���i�h�\�l�h��
�j�y�_�f�h�k�l�b�����h�l�g�h�k�b��
�l�_�e�v�g�h�_���k�j�_�^�g�_��
�d�\�Z�^�j�Z�l�b-�q�_�k�d�h�_��

�h�l�d�e�h�g�_�g�b�_���i�h�\�l�h��
�j�y�_�f�h�k�l�b�����1r, % 

�I�h�d�Z�a�Z�l�_�e�v���\�h�k��
�i�j�h�b�a�\�h�^�b-�f�h�k�l�b��
���h�l�g�h�k�b�l�_�e�v�g�h�_��
�k�l�Z�g�^�Z�j�l�g�h�_���h�l��

�d�e�h�g�_�g�b�_���\�h�k�i�j�h��
�b�a�\�h�^�b-�f�h�k�l�b�����1R, 

% 

�I�j�_�^�_�e��
�i�h�\�l�h�j�y��
�_�f�h�k�l�b 

r, % 

�H�j�l�h�n�h�k�n�Z�l-
�Z�g�b�h�g��(PO4

3-) 12 2 6 6 

�I�b�j�h�n�h�k�n�Z�l-
�Z�g�b�h�g�����J2�H7

4-) 20 3 10 9 

�L�j�b�f�_�l�Z�n�h�k�n�Z�l-
�Z�g�b�h�g ���J3�H9

3-) 
26 3 13 9 

�L�j�b�i�h�e�b�n�h�k�n�Z�l-
�Z�g�b�h�g�����J3�H10

5-) 30 4 15 12 
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�I�_�j�_�j�Z�[�h�l�Z�g�g�u�_�� �i�j�h�^�m�d�l�u�� �b�a�� �f�y�k�Z����
�f�h�e�h�d�Z���b���j�u�[�u���q�Z�k�l�h���k�h�^�_�j�`�Z�l���o�e�h�j�b�^�u����
�g�b�l�j�Z�l�u�����Z���l�Z�d�`�_���[�_�g�a�h�c�g�m�x�����k�h�j�[�b�g�h�\�m�x��
�b���e�b�f�h�g�g�m�x���d�b�k�e�h�l�u�����=�j�Z�^�b�_�g�l�g�u�c���j�_�`�b�f��
�i�h�^�Z�q�b�� �i�h�^�\�b�`�g�h�c�� �n�Z�a�u�� �i�h�a�\�h�e�b�e�� �j�Z�a�^�_��
�e�b�l�v�� �w�l�b�� �Z�g�b�h�g�u�� �h�l�� �n�h�k�n�Z�l-�Z�g�b�h�g�h�\���� �J�_��
�a�m�e�v�l�Z�l�u���o�j�h�f�Z�l�h�]�j�Z�n�b�q�_�k�d�h�]�h���j�Z�a�^�_�e�_�g�b�y��
�i�j�_�^�k�l�Z�\�e�_�g�u���g�Z���j�b�k���������[�������O�j�h�f�Z�l�h�]�j�Z�f�f�Z��
�d�h�e�[�Z�k�u�� �d�h�i�q�_�g�h�c���� �k�h�^�_�j�`�Z�s�_�c�� �n�h�k�n�Z�l-
�Z�g�b�h�g�u���i�j�_�^�k�l�Z�\�e�_�g�Z���g�Z���j�b�k������ ���\������ �O�j�h�f�Z��
�l�h�]�j�Z�f�f�Z�� �f�h�e�h�d�Z���� �k�h�^�_�j�`�Z�s�_�]�h�� �h�j�l�h�n�h�k��
�n�Z�l-�Z�g�b�h�g���i�j�_�^�k�l�Z�\�e�_�g�Z���g�Z���j�b�k���������]���� 

�>�e�y�� �m�k�l�Z�g�h�\�e�_�g�b�y�� �f�_�l�j�h�e�h�]�b�q�_�k�d�b�o��
�o�Z�j�Z�d�l�_�j�b�k�l�b�d�� �h�i�j�_�^�_�e�y�e�b�� �f�Z�k�k�h�\�u�_��
�^�h�e�b���n�h�k�n�Z�l-�Z�g�b�h�g�h�\���\���j�Z�a�e�b�q�g�u�o���h�[�j�Z�a��
�p�Z�o���k���^�h�[�Z�\�d�Z�f�b�� �M�k�l�Z�g�h�\�e�_�g�g�u�c���\���g�Z�k�l�h��
�y�s�_�f�� �k�l�Z�g�^�Z�j�l�_�� �f�_�l�h�^�� �h�[�_�k�i�_�q�b�\�Z�_�l�� �\�u��
�i�h�e�g�_�g�b�_���b�a�f�_�j�_�g�b�c���k�h�^�_�j�`�Z�g�b�y���n�h�k�n�Z�l-
�Z�g�b�h�g�h�\�� �k�� �h�l�g�h�k�b�l�_�e�v�g�h�c�� �j�Z�k�r�b�j�_�g�g�h�c��
�g�_�h�i�j�_�^�_�e�_�g�g�h�k�l�v�x�� �j�_�a�m�e�v�l�Z�l�h�\�� �b�a�f�_�j�_��
�g�b�c�����i�j�b���d�h�w�n�n�b�p�b�_�g�l�_���h�o�\�Z�l�Z���N� ���������m�d�Z��
�a�Z�g�g�h�c���\���l�Z�[�e�b�p�_�� 

�A�Z�d�e�x�q�_�g�b�_ 

�J�Z�a�j�Z�[�h�l�Z�g�g�u�c�� �=�H�K�L�� ������������ �j�Z�k�i�j�h��
�k�l�j�Z�g�y�_�l�k�y���g�Z���i�b�s�_�\�u�_���i�j�h�^�m�d�l�u���b���m�k�l�Z��
�g�Z�\�e�b�\�Z�_�l�� �h�i�j�_�^�_�e�_�g�b�_�� �k�h�^�_�j�`�Z�g�b�y�� �^�h��
�[�Z�\�e�_�g�g�u�o�� �n�h�k�n�Z�l�h�\�� �\�� �n�h�j�f�_�� �n�h�k�n�Z�l-
�Z�g�b�h�g�h�\���� �h�j�l�h�n�h�k�n�Z�l��- ���J�H43-������ �i�b�j�h�n�h�k��
�n�Z�l- (P2O7

4-������ �l�j�b�f�_�l�Z�n�h�k�n�Z�l- ���J3�H9
3-), 

�l�j�b�i�h�e�b�n�h�k�n�Z�l- ���J3�H10
5-�����\���^�b�Z�i�Z�a�h�g�_���b�a��

�f�_�j�_�g�b�c���h�l�� ���������� �^�h�������������� �]���d�]�� ���]���^�f3���� �f�_��
�l�h�^�h�f���b�h�g�g�h�c���o�j�h�f�Z�l�h�]�j�Z�n�b�b���k���d�h�g�^�m�d�l�h��
�f�_�l�j�b�q�_�k�d�b�f�� �^�_�l�_�d�l�b�j�h�\�Z�g�b�_�f���� �I�h�^�h��
�[�j�Z�g�u�� �o�j�h�f�Z�l�h�]�j�Z�n�b�q�_�k�d�b�_�� �m�k�e�h�\�b�y���� �i�h�a��
�\�h�e�y�x�s�b�_�� �k�_�e�_�d�l�b�\�g�h�� �m�k�l�Z�g�Z�\�e�b�\�Z�l�v�� �m�j�h��
�\�_�g�v�� �n�h�k�n�Z�l-�Z�g�b�h�g�h�\�� �i�j�b�� �b�o�� �h�^�g�h�\�j�_�f�_�g��
�g�h�f���k�h�^�_�j�`�Z�g�b�b���\���i�b�s�_�\�u�o���i�j�h�^�m�d�l�Z�o�� 

�D�h�g�n�e�b�d�l���b�g�l�_�j�_�k�h�\�� 

�:�\�l�h�j�u�� �a�Z�y�\�e�y�x�l���� �q�l�h�� �m�� �g�b�o�� �g�_�l�� �b�a��
�\�_�k�l�g�u�o���n�b�g�Z�g�k�h�\�u�o���d�h�g�n�e�b�d�l�h�\���b�g�l�_�j�_��
�k�h�\�� �b�e�b�� �e�b�q�g�u�o�� �h�l�g�h�r�_�g�b�c���� �d�h�l�h�j�u�_��
�f�h�]�e�b�� �[�u�� �i�h�\�e�b�y�l�v�� �g�Z�� �j�Z�[�h�l�m���� �i�j�_�^�k�l�Z�\��
�e�_�g�g�m�x���\���w�l�h�c���k�l�Z�l�v�_�� 
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Abstract. In this work novel anion exchanger based on a copolymer of styrene and divinylbenzene with grafted 
glycidyl methacrylate was obtained as a result of one-stage treatment with dimethylethanolamine. The synthe-
sized resin has an average degree of hydrophilization and is suitable for operation in suppressed ion chroma-
tography using the simplest equipment with a carbonate buffer solution as an eluent. Obtained by simple syn-
thesis anion exchanger can compete with commercial columns due to the rapid separation of model anion 
mixtures. Thus, a mixture of 7 standard anions can be separated in 9 min; a mixture of 7 standard anions and 5 
oxyanions (selenite (or arsenate), selenate, tungstate, molybdate, chromate) in 19 min; a mixture of 7 standard 
anions and 3 divalent organic acids (tartrate, oxalate, maleate) in 11 min. As a result, the resin has been suc-
cessfully applied to the analysis of such samples as drinking water, carbonated beverage, and mouthwash.  
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�]�j�Z�n�b�y�� �b�]�j�Z�_�l�� �\�Z�`�g�_�c�r�m�x�� �j�h�e�v�� �^�e�y�� �j�_��
�r�_�g�b�y���Z�g�Z�e�b�l�b�q�_�k�d�b�o���a�Z�^�Z�q�����k�\�y�a�Z�g�g�u�o���k��
�h�i�j�_�^�_�e�_�g�b�_�f�� �b�h�g�h�\���\���j�Z�a�e�b�q�g�u�o���h�[�t�_�d��
�l�Z�o��[1]�����G�Z�b�[�h�e�_�_���r�b�j�h�d�h���b�k�i�h�e�v�a�m�_�f�u�f��
�j�_�`�b�f�h�f���j�Z�a�^�_�e�_�g�b�y���f�g�h�]�b�o���g�_�h�j�]�Z�g�b�q�_��
�k�d�b�o�� �b�� �h�j�]�Z�g�b�q�_�k�d�b�o�� �Z�g�b�h�g�h�\�� �y�\�e�y�_�l�k�y��
�b�h�g�g�Z�y�� �o�j�h�f�Z�l�h�]�j�Z�n�b�y�� �k�� �i�h�^�Z�\�e�_�g�b�_�f��
�n�h�g�h�\�h�c�� �w�e�_�d�l�j�h�i�j�h�\�h�^�g�h�k�l�b�� �b�� �d�h�g�^�m�d��
�l�h�f�_�l�j�b�q�_�k�d�b�f�� �^�_�l�_�d�l�b�j�h�\�Z�g�b�_�f�� ���B�O������
�>�e�y���w�n�n�_�d�l�b�\�g�h�]�h���j�Z�a�^�_�e�_�g�b�y���\���w�l�h�f���j�_��
�`�b�f�_�� �g�_�h�[�o�h�^�b�f�h�� �i�j�Z�\�b�e�v�g�h�� �\�u�[�j�Z�l�v��
�f�Z�l�j�b�p�m���[�m�^�m�s�_�]�h���k�h�j�[�_�g�l�Z�����L�Z�d�����\���d�Z�q�_��
�k�l�\�_�� �f�Z�l�j�b�p�u�� �i�j�b�� �k�h�a�^�Z�g�b�b�� �k�h�j�[�_�g�l�h�\��
�^�e�y�� �<�W�@�O �i�j�_�^�i�h�q�l�b�l�_�e�_�g�� �k�b�e�b�d�Z�]�_�e�v����
�G�_�k�f�h�l�j�y�� �g�Z�� �\�u�k�h�d�m�x�� �f�_�o�Z�g�b�q�_�k�d�m�x��
�i�j�h�q�g�h�k�l�v���� �w�n�n�_�d�l�b�\�g�h�k�l�v���� �\�h�a�f�h�`�g�h�k�l�v��
�d�h�g�l�j�h�e�b�j�h�\�Z�l�v�� �j�Z�a�f�_�j�� �i�h�j�� �b�� �m�^�_�e�v�g�m�x��
�i�e�h�s�Z�^�v�� �i�h�\�_�j�o�g�h�k�l�b���� �Z�� �l�Z�d�`�_�� �i�j�h�k�l�h�l�m��
�f�h�^�b�n�b�p�b�j�h�\�Z�g�b�y���� �k�b�e�b�d�Z�]�_�e�v�� �g�_�� �g�Z�o�h��
�^�b�l���Z�d�l�b�\�g�h�]�h���i�j�b�f�_�g�_�g�b�y���\���B�O���k���i�h�^�Z�\��
�e�_�g�b�_�f��[2, 3]���� �W�l�h�� �k�\�y�a�Z�g�h�� �k�� �l�_�f���� �q�l�h�� �h�g��
�k�l�Z�[�b�e�_�g�� �i�j�b��pH 1-7 [4]���� �\�� �d�b�k�e�h�c�� �k�j�_�^�_��
�\�h�a�f�h�`�_�g���]�b�^�j�h�e�b�a���k�\�y�a�_�c���f�_�`�^�m���k�b�e�b�d�Z��
�]�_�e�_�f�� �b�� �i�j�b�\�b�l�u�f�b�� �n�m�g�d�p�b�h�g�Z�e�v�g�u�f�b��
�]�j�m�i�i�Z�f�b���� �Z�� �\�� �s�_�e�h�q�g�h�c���± �j�Z�k�l�\�h�j�y�_�l�k�y��
�k�b�e�b�d�Z�]�_�e�v��[2]���� �K�l�Z�[�b�e�v�g�h�k�l�v�� �g�_�i�h�^�\�b�`��
�g�h�c�� �n�Z�a�u�� �b�f�_�_�l�� �h�]�j�h�f�g�h�_�� �a�g�Z�q�_�g�b�_���� �b�k��
�i�h�e�v�a�h�\�Z�g�b�_���k�b�e�b�d�Z�]�_�e�y���\���B�O���[�_�a���i�j�_�^�\�Z��
�j�b�l�_�e�v�g�h�]�h�� �f�h�^�b�n�b�p�b�j�h�\�Z�g�b�y�� �_�]�h�� �i�h��
�\�_�j�o�g�h�k�l�b���d�j�Z�c�g�_���g�_�`�_�e�Z�l�_�e�v�g�h��[5, 6].  

�H�d�k�b�^�u�� �f�_�l�Z�e�e�h�\���� �g�Z�i�j�b�f�_�j�� �h�d�k�b�^��
�p�b�j�d�h�g�b�y�����i�j�b�f�_�g�y�x�l���\���d�Z�q�_�k�l�\�_���Z�e�v�l�_�j��
�g�Z�l�b�\�u�� �k�b�e�b�d�Z�]�_�e�x�� �\�� �h�[�j�Z�s�z�g�g�h-�n�Z�a�h��
�\�h�c�� �<�W�@�O���� �>�b�h�d�k�b�^�� �p�b�j�d�h�g�b�y�� �h�[�e�Z�^�Z�_�l��
�i�h�\�u�r�_�g�g�h�c�� �f�_�o�Z�g�b�q�_�k�d�h�c�� �b�� �l�_�j�f�b�q�_��
�k�d�h�c���k�l�Z�[�b�e�v�g�h�k�l�v�x�����Z���l�Z�d�`�_���m�k�l�h�c�q�b�\���\�h��
�\�k�_�f�� �^�b�Z�i�Z�a�h�g�_��pH [7]���� �>�e�y�� �i�h�e�m�q�_�g�b�y��
�Z�g�b�h�g�h�h�[�f�_�g�g�b�d�h�\���g�Z���h�k�g�h�\�_���h�d�k�b�^�h�\���f�_��
�l�Z�e�e�h�\���� �[�_�a�m�k�e�h�\�g�h���� �g�_�h�[�o�h�^�b�f�h�� �i�j�_�^�\�Z��
�j�b�l�_�e�v�g�h�_�� �f�h�^�b�n�b�p�b�j�h�\�Z�g�b�_���� �G�_�^�h�k�l�Z�l��
�d�h�f�� �y�\�e�y�_�l�k�y�� �b�k�i�h�e�v�a�h�\�Z�g�b�_�� �\�� �d�Z�q�_�k�l�\�_��

�w�e�x�_�g�l�Z�� �Z�p�_�l�Z�l�Z�� �g�Z�l�j�b�y���� �d�h�l�h�j�u�c�� �g�_�e�v�a�y��
�b�k�i�h�e�v�a�h�\�Z�l�v�� �\�� �B�O�� �k�� �i�h�^�Z�\�e�_�g�b�_�f���� �\�� �j�_��
�a�m�e�v�l�Z�l�_�� �g�_�\�h�a�f�h�`�g�h�� �^�h�k�l�b�q�v�� �\�u�k�h�d�h�c��
�q�m�\�k�l�\�b�l�_�e�v�g�h�k�l�b��[7]���� �L�Z�d�`�_�� �h�k�g�h�\�g�h�c��
�i�j�h�[�e�_�f�h�c�� �b�k�i�h�e�v�a�h�\�Z�g�b�y�� �h�d�k�b�^�h�\�� �f�_��
�l�Z�e�e�h�\�� �^�e�y�� �i�j�b�f�_�g�_�g�b�y�� �\�� �B�O�� �y�\�e�y�_�l�k�y��
�\�h�a�f�h�`�g�h�k�l�v���g�_�h�[�j�Z�l�b�f�h�c���Z�^�k�h�j�[�p�b�b���\�_��
�s�_�k�l�\�� �b�a�� �Z�g�Z�e�b�a�b�j�m�_�f�u�o�� �j�Z�k�l�\�h�j�h�\�� �g�Z��
�k�h�j�[�_�g�l�_���� �D�j�h�f�_�� �l�h�]�h���� �n�m�g�d�p�b�h�g�Z�e�v�g�u�_��
�p�_�g�l�j�u���g�Z���b�o���g�_�h�^�g�h�j�h�^�g�h�c���i�h�\�_�j�o�g�h�k�l�b��
�k�i�h�k�h�[�k�l�\�m�x�l���m�r�b�j�_�g�b�x���i�b�d�h�\���b���k�g�b�`�_��
�g�b�x���w�n�n�_�d�l�b�\�g�h�k�l�b��[8]. 

�G�Z���^�Z�g�g�u�c���f�h�f�_�g�l���^�e�y���k�b�g�l�_�a�Z���k�h�j�[�_�g��
�l�h�\���^�e�y���B�O���g�Z�b�[�h�e�_�_���j�Z�k�i�j�h�k�l�j�Z�g�_�g�g�u�f�b��
�y�\�e�y�x�l�k�y���h�j�]�Z�g�b�q�_�k�d�b�_���i�h�e�b�f�_�j�u�����B�o���i�h��
�e�m�q�Z�x�l���i�m�l�_�f���k�h�i�h�e�b�f�_�j�b�a�Z�p�b�b���f�_�l�Z�d�j�b��
�e�Z�l�g�u�o�� ���f�_�l�b�e�f�_�l�Z�d�j�b�e�Z�l���� �]�e�b�p�b�^�b�e�f�_��
�l�Z�d�j�b�e�Z�l���� �Z�e�e�b�e�f�_�l�Z�d�j�b�e�Z�l���� �b���b�e�b�� �k�l�b��
�j�h�e�v�g�u�o�� ���k�l�b�j�h�e���� �w�l�b�e�\�b�g�b�e�[�_�g�a�h�e���� �f�h��
�g�h�f�_�j�h�\���k���k�r�b�\�Z�x�s�b�f�b���Z�]�_�g�l�Z�f�b�����^�b�\�b��
�g�b�e�[�_�g�a�h�e�����^�b�f�_�l�Z�d�j�b�e�Z�l���w�l�b�e�_�g�]�e�b�d�h�e�y����
[9]���� �G�_�m�k�l�h�c�q�b�\�h�k�l�v�� �\�� �k�b�e�v�g�h�s�_�e�h�q�g�h�c��
�k�j�_�^�_���± �]�e�Z�\�g�u�c���g�_�^�h�k�l�Z�l�h�d���i�h�e�b�f�_�j�g�u�o��
�f�_�l�Z�d�j�b�e�Z�l�g�u�o�� �f�Z�l�j�b�p�� ��pH 1-12) [9]. 
�F�Z�l�j�b�p�u�� �g�Z�� �h�k�g�h�\�_�� �i�h�e�b�\�b�g�b�e�h�\�h�]�h��
�k�i�b�j�l�Z�� �h�[�e�Z�^�Z�x�l�� �m�k�l�h�c�q�b�\�h�k�l�v�x�� �\�� �_�s�z��
�f�_�g�v�r�_�f���^�b�Z�i�Z�a�h�g�_��pH 3-���������D�j�h�f�_���l�h�]�h����
�b�o�� �w�n�n�_�d�l�b�\�g�h�k�l�v�� �b�� �f�_�o�Z�g�b�q�_�k�d�Z�y�� �k�l�Z��
�[�b�e�v�g�h�k�l�v�� �g�b�`�_���� �q�_�f�� �m�� �i�h�e�b�f�_�l�Z�d�j�b�e�Z�l��
�g�u�o�� �f�Z�l�j�b�p��[9]���� �i�h�w�l�h�f�m�� �g�_�i�h�^�\�b�`�g�u�_��
�n�Z�a�u���g�Z���b�o���h�k�g�h�\�_���g�_���i�h�e�m�q�b�e�b���r�b�j�h�d�h�]�h��
�j�Z�k�i�j�h�k�l�j�Z�g�_�g�b�y�� 

�>�j�m�]�b�f�� �i�j�b�f�_�j�h�f�� �i�h�e�b�f�_�j�g�u�o�� �f�Z�l��
�j�b�p�� �y�\�e�y�x�l�k�y�� �k�h�i�h�e�b�f�_�j�u�� �k�l�b�j�h�e�Z�� �b�e�b��
�w�l�b�e�\�b�g�b�e�[�_�g�a�h�e�Z�� �k�� �^�b�\�b�g�b�e�[�_�g�a�h�e�h�f��
���I�K-�>�<�;���b���W�<�;-�>�<�;������ �J�Z�a�e�b�q�g�h�_���k�h�^�_�j��
�`�Z�g�b�_�� �^�b�\�b�g�b�e�[�_�g�a�h�e�Z�� �h�i�j�_�^�_�e�y�_�l�� �k�l�_��
�i�_�g�v�� �k�r�b�\�d�b�� �k�h�i�h�e�b�f�_�j�Z���� �Z�� �a�g�Z�q�b�l���� �_�]�h��
�f�_�o�Z�g�b�q�_�k�d�m�x�� �b�� �o�b�f�b�q�_�k�d�m�x�� �k�l�Z�[�b�e�v��
�g�h�k�l�v�����Z���l�Z�d�`�_ �i�h�j�b�k�l�h�k�l�v��[2]�����I�j�_�b�f�m�s�_��
�k�l�\�h�f���l�Z�d�b�o���f�Z�l�j�b�p���y�\�e�y�x�l�k�y���^�h�k�l�Z�l�h�q�g�h��
�\�u�k�h�d�Z�y�� �f�_�o�Z�g�b�q�_�k�d�Z�y�� �k�l�Z�[�b�e�v�g�h�k�l�v�� �b��
�m�k�l�h�c�q�b�\�h�k�l�v�� �\�h�� �\�k�_�f�� �^�b�Z�i�Z�a�h�g�_��pH���� �;�h��
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�e�_�_���l�h�]�h���� �i�h�\�_�j�o�g�h�k�l�v�� �f�Z�l�j�b�p�u���� �d�Z�d���i�j�Z��
�\�b�e�h���� �k�h�^�_�j�`�b�l�� �g�_�i�j�h�j�_�Z�]�b�j�h�\�Z�\�r�b�_��
�^�\�h�c�g�u�_�� �k�\�y�a�b���� �k�� �i�h�f�h�s�v�x�� �d�h�l�h�j�u�o�� �_�_��
�f�h�`�g�h���f�h�^�b�n�b�p�b�j�h�\�Z�l�v���b���m�\�_�e�b�q�b�l�v���k�l�_��
�i�_�g�v�� �]�b�^�j�h�n�b�e�b�a�Z�p�b�b��[10]���� �W�l�h�� �\�Z�`�g�h����
�i�h�k�d�h�e�v�d�m�� �i�j�b�� �k�e�Z�[�h�f�� �w�d�j�Z�g�b�j�h�\�Z�g�b�b��
�]�b�^�j�h�n�h�[�g�h�c�� �i�h�\�_�j�o�g�h�k�l�b�� �f�Z�l�j�b�p�u�� �Z�g�b��
�h�g�u�� �f�h�]�m�l�� �\�a�Z�b�f�h�^�_�c�k�l�\�h�\�Z�l�v�� �k���Œ-
�w�e�_�d�l�j�h�g�g�h�c�� �Z�j�h�f�Z�l�b�q�_�k�d�h�c�� �k�b�k�l�_�f�h�c��
�k�h�j�[�_�g�l�Z�����<���j�_�a�m�e�v�l�Z�l�_���m�^�_�j�`�b�\�Z�g�b�_���Z�g�b��
�h�g�h�\���g�Z���k�h�j�[�_�g�l�Z�o���g�Z���h�k�g�h�\�_���i�h�e�b�f�_�j�g�u�o��
�f�Z�l�j�b�p�� �h�i�j�_�^�_�e�y�_�l�k�y�� �g�_�� �l�h�e�v�d�h�� �a�Z�� �k�q�z�l��
�b�h�g�g�h�]�h���h�[�f�_�g�Z�����g�h���b���a�Z���k�q�z�l���k�i�_�p�b�n�b�q�_��
�k�d�b�o�� �\�a�Z�b�f�h�^�_�c�k�l�\�b�c���� �D�� �l�Z�d�b�f�� �\�a�Z�b�f�h��
�^�_�c�k�l�\�b�y�f�� �f�h�`�g�h�� �h�l�g�_�k�l�b�� �<�Z�g-�^�_�j-�<�Z��
�Z�e�v�k�h�\�u��[11]�����Œ-�Œ��[4]�����Z�g�b�h�g-�Œ���\�a�Z�b�f�h�^�_�c��
�k�l�\�b�y��[12]. 

�<�� �j�Z�[�h�l�_��[13] �i�h�e�m�q�b�e�b�� �k�h�j�[�_�g�l�u�� �g�Z��
�h�k�g�h�\�_�� �k�h�i�h�e�b�f�_�j�Z�� �]�e�b�p�b�^�b�e�f�_�l�Z�d�j�b��
�e�Z�l�Z���� �k�l�b�j�h�e�Z�� �b�� �^�b�\�b�g�b�e�[�_�g�a�h�e�Z�� ���=�F�:-
�I�K-�>�<�;������ �K�l�h�b�l�� �h�[�j�Z�l�b�l�v�� �\�g�b�f�Z�g�b�_�� �g�Z��
�Z�g�b�h�g�h�h�[�f�_�g�g�b�d���� �k�b�g�l�_�a�b�j�h�\�Z�g�g�u�c�� �a�Z��
�h�^�g�m�� �k�l�Z�^�b�x�� �\�a�Z�b�f�h�^�_�c�k�l�\�b�_�f�� �l�j�b�f�_�l�b��
�e�Z�f�b�g�Z�� ���L�F�:���� �k�� �h�k�l�Z�l�h�q�g�u�f�b�� �w�i�h�d�k�b�^��
�g�u�f�b���]�j�m�i�i�Z�f�b���g�Z���i�h�e�b�f�_�j�g�u�o���q�Z�k�l�b�p�Z�o����
�G�Z�� �^�Z�g�g�h�f�� �k�h�j�[�_�g�l�_�� �j�Z�a�^�_�e�_�g�b�_�� ���� �k�l�Z�g��
�^�Z�j�l�g�u�o�� �g�_�h�j�]�Z�g�b�q�_�k�d�b�o�� �Z�g�b�h�g�h�\�� �k�� �b�k��
�i�h�e�v�a�h�\�Z�g�b�_�f�� �d�Z�j�[�h�g�Z�l�g�h�]�h�� �w�e�x�_�g�l�Z��
�i�j�h�b�k�o�h�^�b�l�� �^�h�\�h�e�v�g�h�� �i�j�h�^�h�e�`�b�l�_�e�v�g�h���± 
�i�j�b�f�_�j�g�h�� �a�Z�� ������ �f�b�g���� �a�g�Z�q�_�g�b�_ 
�.��NO3

�±/Cl�±�����k�h�k�l�Z�\�e�y�_�l����.�������q�l�h���k�\�b�^�_�l�_�e�v��
�k�l�\�m�_�l�� �h�� �g�_�^�h�k�l�Z�l�h�q�g�h�c�� �]�b�^�j�h�n�b�e�v�g�h�k�l�b��
�k�h�j�[�_�g�l�Z���� �W�l�h�� �f�h�`�_�l�� �[�u�l�v�� �k�\�y�a�Z�g�h���� �\�h-
�i�_�j�\�u�o���� �k�� �\�\�_�^�_�g�b�_�f�� �]�b�^�j�h�n�h�[�g�h�]�h�� �l�j�_��
�l�b�q�g�h�]�h�� �Z�f�b�g�Z���� �B�k�i�h�e�v�a�h�\�Z�g�b�_��N, N-
�^�b�f�_�l�b�e�w�l�Z�g�h�e�Z�f�b�g�Z�� ���>�F�W�:���� �b�e�b��N-
�f�_�l�b�e�^�b�w�l�Z�g�h�e�Z�f�b�g�Z�� ���F�>�W�:���� �g�Z�b�[�h�e�_�_��
�i�j�_�^�i�h�q�l�b�l�_�e�v�g�h�� �^�e�y�� �i�h�e�m�q�_�g�b�y�� �k�_�e�_�d��
�l�b�\�g�u�o�� �b�� �]�b�^�j�h�n�b�e�v�g�u�o�� �k�h�j�[�_�g�l�h�\���� �<�h-
�\�l�h�j�u�o���� �m�� �^�Z�g�g�h�c�� �f�Z�l�j�b�p�u�� �_�k�l�v�� �k�m�s�_��
�k�l�\�_�g�g�u�c���g�_�^�h�k�l�Z�l�h�d�����i�j�b���k�h�i�h�e�b�f�_�j�b�a�Z��
�p�b�b���j�_�Z�]�_�g�l�h�\���h�[�j�Z�a�m�x�s�b�_�k�y���w�i�h�d�k�b�^�g�u�_��
�]�j�m�i�i�u���[�m�^�m�l���g�Z�o�h�^�b�l�v�k�y���d�Z�d���\�g�m�l�j�b���k�e�h�y��
�i�h�e�b�f�_�j�g�h�c���q�Z�k�l�b�p�u�����l�Z�d���b���g�Z���_�z���i�h�\�_�j�o�g�h��
�k�l�b�����<���j�_�a�m�e�v�l�Z�l�_���h�[�j�Z�a�h�\�Z�g�b�y���b�h�g�h�h�[�f�_�g��
�g�u�o���p�_�g�l�j�h�\���\���i�e�h�l�g�h�f���k�e�h�_���]�b�^�j�h�n�h�[�g�h�c��
�f�Z�l�j�b�p�u�� �i�j�h�b�k�o�h�^�b�l�� �m�\�_�e�b�q�_�g�b�_�� �\�j�_�f�_�g�b��
�m�^�_�j�`�b�\�Z�g�b�y���Z�g�b�h�g�h�\���b���m�o�m�^�r�_�g�b�_���o�j�h�f�Z��
�l�h�]�j�Z�n�b�q�_�k�d�b�o���o�Z�j�Z�d�l�_�j�b�k�l�b�d��[14]. 

�;�h�e�v�r�b�g�k�l�\�h���d�h�f�f�_�j�q�_�k�d�b���^�h�k�l�m�i�g�u�o��
�o�b�f�b�q�_�k�d�b�� �f�h�^�b�n�b�p�b�j�h�\�Z�g�g�u�o�� �Z�g�b�h�g�h��
�h�[�f�_�g�g�b�d�h�\�� �i�h�e�m�q�Z�x�l�� �g�Z�� �h�k�g�h�\�_�� �I�K-
�>�<�;�����L�Z�d�b�_���k�h�j�[�_�g�l�u���i�j�_�^�g�Z�a�g�Z�q�_�g�u���^�e�y��
�j�Z�a�^�_�e�_�g�b�y�� ���� �k�l�Z�g�^�Z�j�l�g�u�o�� �g�_�h�j�]�Z�g�b�q�_��
�k�d�b�o�� �Z�g�b�h�g�h�\�� �i�j�b�� �b�k�i�h�e�v�a�h�\�Z�g�b�b�� �d�Z�j�[�h��
�g�Z�l�g�u�o���b���]�b�^�j�h�d�Z�j�[�h�g�Z�l�g�u�o���j�Z�k�l�\�h�j�h�\���\��
�d�Z�q�_�k�l�\�_���w�e�x�_�g�l�Z�����H�^�g�h�c���b�a���g�Z�b�[�h�e�_�_���i�h��
�i�m�e�y�j�g�u�o�� �d�h�e�h�g�h�d�� �l�Z�d�h�]�h�� �l�b�i�Z�� �y�\�e�y�_�l�k�y��
STAR-ION A300 (Phenomenex���� �K�R�:������
�i�h�a�\�h�e�y�x�s�Z�y�� �j�Z�a�^�_�e�y�l�v�� ���� �k�l�Z�g�^�Z�j�l�g�u�o��
�g�_�h�j�]�Z�g�b�q�_�k�d�b�o���Z�g�b�h�g�h�\���a�Z�������f�b�g���i�j�b���b�k��
�i�h�e�v�a�h�\�Z�g�b�b�� �d�Z�j�[�h�g�Z�l�g�h�]�h�� �[�m�n�_�j�g�h�]�h��
�j�Z�k�l�\�h�j�Z���\���d�Z�q�_�k�l�\�_���w�e�x�_�g�l�Z���k�h���k�d�h�j�h�k�l�v��
2 �k�f3���f�b�g��[4]. 

�B�k�i�h�e�v�a�h�\�Z�g�b�_�� �\�� �d�Z�q�_�k�l�\�_�� �w�e�x�_�g�l�Z��
�d�Z�j�[�h�g�Z�l�g�h�]�h�� �[�m�n�_�j�g�h�]�h�� �j�Z�k�l�\�h�j�Z�� �\�� �j�_��
�`�b�f�_���B�O���\�k�z���_�s�z���Z�d�l�m�Z�e�v�g�h���i�h���j�y�^�m���i�j�b��
�q�b�g���� �<�� �i�_�j�\�m�x�� �h�q�_�j�_�^�v�� �w�l�h�� �k�\�y�a�Z�g�h�� �k��
�f�_�g�v�r�_�c�� �k�l�h�b�f�h�k�l�v�x�� �h�[�h�j�m�^�h�\�Z�g�b�y�� �i�h��
�k�j�Z�\�g�_�g�b�x�� �k�� �o�j�h�f�Z�l�h�]�j�Z�n�Z�f�b���� �h�k�g�Z�s�_�g��
�g�u�f�b�� �k�b�k�l�_�f�Z�f�b�� �w�e�_�d�l�j�h�]�_�g�_�j�Z�p�b�b���� �<�h-
�\�l�h�j�u�o�����k�� �[�h�e�v�r�_�c�� �k�l�Z�[�b�e�v�g�h�k�l�v�x�� �k�h�j��
�[�_�g�l�h�\���\���d�Z�j�[�h�g�Z�l�g�h�f���[�m�n�_�j�g�h�f���j�Z�k�l�\�h�j�_��
�i�h�� �k�j�Z�\�g�_�g�b�x�� �k�� �k�b�e�v�g�h�s�_�e�h�q�g�u�f�b��
�w�e�x�_�g�l�Z�f�b���� �G�Z�i�j�b�f�_�j���� �g�_�d�h�l�h�j�u�_�� �k�h�j��
�[�_�g�l�u�� �g�Z�� �h�k�g�h�\�_�� �i�h�e�b�f�_�l�Z�d�j�b�e�Z�l�h�\�� �b�e�b��
�i�h�e�b�\�b�g�b�e�h�\�h�]�h �k�i�b�j�l�Z �g�_�k�l�Z�[�b�e�v�g�u�� �\��
�k�b�e�v�g�h�s�_�e�h�q�g�h�c�� �k�j�_�^�_���� �i�h�w�l�h�f�m�� �k�� �g�b�f�b��
�a�Z�q�Z�k�l�m�x�� �b�k�i�h�e�v�a�m�x�l�� �d�Z�j�[�h�g�Z�l�g�u�c��
�w�e�x�_�g�l���� �D�j�h�f�_�� �l�h�]�h���� �b�k�i�h�e�v�a�h�\�Z�g�b�_�� �d�Z�j��
�[�h�g�Z�l�g�h�]�h���[�m�n�_�j�g�h�]�h���j�Z�k�l�\�h�j�Z���i�h�a�\�h�e�y�_�l��
�j�_�]�m�e�b�j�h�\�Z�l�v�� �k�_�e�_�d�l�b�\�g�h�k�l�v�� �j�Z�a�^�_�e�_�g�b�y��
�a�Z�� �k�q�z�l�� �b�a�f�_�g�_�g�b�y�� �k�h�h�l�g�h�r�_�g�b�y��HCO3

�±

/CO3
2�± [4, 14, 15]. 

�L�Z�d�b�f�� �h�[�j�Z�a�h�f���� �p�_�e�v�x�� �j�Z�[�h�l�u�� �y�\�e�y��
�x�l�k�y�� �i�h�e�m�q�_�g�b�_�� �g�h�\�h�]�h�� �Z�g�b�h�g�h�h�[�f�_�g��
�g�b�d�Z�� �g�Z�� �h�k�g�h�\�_�� �I�K-�>�<�;�� �k�� �d�h�\�Z�e�_�g�l�g�h��
�i�j�b�\�b�l�u�f�� �]�e�b�p�b�^�b�e�f�_�l�Z�d�j�b�e�Z�l�h�f�� ���I�K-
�>�<�;-�=�F�:�����a�Z���k�q�z�l���Z�f�b�g�b�j�h�\�Z�g�b�y���w�i�h�d�k�b-
�]�j�m�i�i�� �>�F�W�:���� �b�a�m�q�_�g�b�_�� �_�]�h�� �h�k�g�h�\�g�u�o��
�o�j�h�f�Z�l�h�]�j�Z�n�b�q�_�k�d�b�o���k�\�h�c�k�l�\���b���i�j�b�f�_�g�_��
�g�b�_���^�e�y���Z�g�Z�e�b�a�Z �h�[�t�_�d�l�h�\�� 

�W�d�k�i�_�j�b�f�_�g�l�Z�e�v�g�Z�y���q�Z�k�l�v 

�I�j�b�[�h�j�u���b���f�Z�l�_�j�b�Z�e�u�� �<���d�Z�q�_�k�l�\�_���f�Z�l��
�j�b�p�u�� �^�e�y�� �k�b�g�l�_�a�Z�� �k�h�j�[�_�g�l�h�\�� �b�k�i�h�e�v�a�h��
�\�Z�e�b�� �I�K-�>�<�;-�=�F�:�� �k�h�� �k�l�_�i�_�g�v�x�� �k�r�b�\�d�b��
���������� �k�j�_�^�g�b�f�� �^�b�Z�f�_�l�j�h�f�� �q�Z�k�l�b�p�� �������� �“��
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0.5 �f�d�f�����i�e�h�s�Z�^�v�x���i�h�\�_�j�o�g�h�k�l�b�����������f2���]����
�k�j�_�^�g�b�f���h�[�t�z�f�h�f���i�h�j�����������k�f3���]���b���k�j�_�^�g�b�c��
�^�b�Z�f�_�l�j�h�f���i�h�j���������g�f�� 

�>�e�y���k�b�g�l�_�a�Z���b�k�i�h�e�v�a�h�\�Z�e�b���k�e�_�^�m�x�s�b�_��
�j�_�Z�d�l�b�\�u���b���j�Z�k�l�\�h�j�b�l�_�e�b�����^�b�f�_�l�b�e�w�l�Z�g�h��
�e�Z�f�b�g�� ���������������� ���©�:�O�G�U�L�F�K�ª���� �K�R�:������ �w�l�Z�g�h�e��
���q���^���Z���������©�E�Z�[�l�_�o�ª�����J�h�k�k�b�y�������g�b�l�j�Z�l���g�Z�l�j�b�y��
���!�����������������©�0�H�U�F�N�ª�����=�_�j�f�Z�g�b�y���� 

�>�e�y�� �i�j�b�]�h�l�h�\�e�_�g�b�y�� �i�h�^�\�b�`�g�u�o�� �n�Z�a�� �b��
�j�Z�k�l�\�h�j�h�\�� �Z�g�Z�e�b�l�h�\�� �b�k�i�h�e�v�a�h�\�Z�e�b�� �^�_��
�b�h�g�b�a�h�\�Z�g�g�m�x���\�h�^�m���b���j�_�Z�d�l�b�\�u���d�\�Z�e�b�n�b��
�d�Z�p�b�b���o���q�����b�e�b���q���^���Z�����d�h�f�i�Z�g�b�c���©�O�b�f�f�_�^�ª��
�b�� �©�E�Z�[�l�_�o�ª�� ���J�h�k�k�b�y������ �©�3�D�Q�U�H�D�F�ª�� ���B�k�i�Z��
�g�b�y�������©�$�S�S�O�L�&�K�H�P�ª���b���©�0�H�U�N�ª�����=�_�j�f�Z�g�b�y������
�©�$�F�U�R�V���2�U�J�D�Q�L�F�V�ª�����;�_�e�v�]�b�y���� 

�W�d�k�i�_�j�b�f�_�g�l�u�� �i�j�h�\�h�^�b�e�b�� �g�Z�� �b�h�g�g�h�f��
�o�j�h�f�Z�l�h�]�j�Z�n�_�� �6�K�L�Q�H�� �&�,�&-D120 (Qingdao 
Shenghan Chromatograph Technology Co., 
�D�b�l�Z�c������ �m�d�h�f�i�e�_�d�l�h�\�Z�g�g�h�f�� �b�a�h�d�j�Z�l�b�q�_��
�k�d�b�f�� �g�Z�k�h�k�h�f���� �d�h�g�^�m�d�l�h�f�_�l�j�b�q�_�k�d�b�f�� �^�_��
�l�_�d�l�h�j�h�f�����w�e�_�d�l�j�h�f�_�f�[�j�Z�g�g�u�f���i�h�^�Z�\�b�l�_��
�e�_�f�� �n�h�g�h�\�h�]�h�� �k�b�]�g�Z�e�Z���� �Z�\�l�h�f�Z�l�b�q�_�k�d�h�c��
�k�b�k�l�_�f�h�c���\�\�h�^�Z���i�j�h�[�u���b���l�_�j�f�h�k�l�Z�l�h�f���d�h��
�e�h�g�d�b�����H�[�t�_�f���^�h�a�b�j�m�x�s�_�c���i�_�l�e�b���k�h�k�l�Z�\��
�e�y�e���������f�d�e�����>�e�y���k�[�h�j�Z���b���h�[�j�Z�[�h�l�d�b���o�j�h�f�Z��
�l�h�]�j�Z�n�b�q�_�k�d�b�o�� �^�Z�g�g�u�o�� �b�k�i�h�e�v�a�h�\�Z�e�b��
�i�j�h�]�j�Z�f�f�g�h�_�� �h�[�_�k�i�_�q�_�g�b�_��«Shine 8.5» 
(Qingdao Shenghan Chromatograph 
�7�H�F�K�Q�R�O�R�J�\���&�R�������D�b�l�Z�c���� 

�K�b�g�l�_�a���k�h�j�[�_�g�l�Z�����>�e�y���k�b�g�l�_�a�Z���Z�g�b�h�g�h��
�h�[�f�_�g�g�b�d�Z�� �b�k�i�h�e�v�a�h�\�Z�e�b�� ��.���� �]�� �f�Z�l�j�b�p�u��
�I�K-�>�<�;-�=�F�:���� �d�h�l�h�j�m�x�� �k�m�k�i�_�g�^�b�j�h�\�Z�e�b��
�\�������f�e���w�l�Z�g�h�e�Z�����I�h�k�e�_���w�l�h�]�h���^�h�[�Z�\�e�y�e�b��������
�k�f3 �^�_�b�h�g�b�a�h�\�Z�g�g�h�c�� �\�h�^�u�� �b�� ���������� �f�f�h�e�v��
�>�F�W�:�� �g�Z�� ���� �]�� �f�Z�l�j�b�p�u���� �>�Z�e�_�_�� �j�_�Z�d�p�b�h�g��
�g�m�x�� �k�f�_�k�v�� �i�h�f�_�s�Z�e�b�� �\�� �l�_�j�f�h�k�l�Z�l�� �b��
�g�_�i�j�_�j�u�\�g�h���i�_�j�_�f�_�r�b�\�Z�e�b���\���l�_�q�_�g�b�_���� �q��
�i�j�b�������ÛC�����I�h�k�e�_���k�h�^�_�j�`�b�f�h�_���d�h�e�[�u���n�b�e�v��
�l�j�h�\�Z�e�b���g�Z���\�Z�d�m�m�f�g�h�c���m�k�l�Z�g�h�\�d�_�����i�j�h�f�u��
�\�Z�e�b���b���\�u�k�m�r�b�\�Z�e�b�� 

�<�� �j�Z�[�h�l�_�� �b�k�i�h�e�v�a�h�\�Z�e�b�� �k�l�Z�e�v�g�m�x�� �d�h��
�e�h�g�d�m���j�Z�a�f�_�j�h�f�������� �u �����f�f�����>�e�y���i�h�e�m�q�_��
�g�b�y���k�m�k�i�_�g�a�b�b���k�h�j�[�_�g�l�Z���b�k�i�h�e�v�a�h�\�Z�e�b���^�_��
�b�h�g�b�a�h�\�Z�g�g�m�x�� �\�h�^�m�� ���������k�f3 �g�Z�� ���� �]�� �k�h�j��
�[�_�g�l�Z������ �Z���^�e�y���m�i�Z�d�h�\�d�b���d�h�e�h�g�d�b���± ������ �f�F��
�j�Z�k�l�\�h�j�� �1�D2CO3���� �<�\�_�^�_�g�b�_�� �k�m�k�i�_�g�a�b�b�� �\��
�o�j�h�f�Z�l�h�]�j�Z�n�b�q�_�k�d�m�x�� �d�h�e�h�g�d�m���� �m�i�Z�d�h�\�d�m��
�b���m�i�e�h�l�g�_�g�b�_���q�Z�k�l�b�p���k�h�j�[�_�g�l�Z���h�k�m�s�_�k�l�\��
�e�y�e�b�� �i�j�b�� �^�Z�\�e�_�g�b�b�� �������� �[�Z�j�� �i�j�b�� �i�h�f�h�s�b��

�g�Z�k�h�k�Z�� �©�.�Q�D�X�H�U�� �.-���������ª�� ���©�.�Q�D�X�H�U�ª���� �=�_�j��
�f�Z�g�b�y������ �L�_�k�l�b�j�h�\�Z�g�b�_�� �d�h�e�h�g�d�b�� �i�j�h�\�h��
�^�b�e�b���i�j�b���l�_�f�i�_�j�Z�l�m�j�_�������q�K�� 

�I�j�h�[�h�i�h�^�]�h�l�d�Z���� �I�h�^�]�h�l�h�\�d�Z�� �i�j�h�[�� �i�b��
�l�v�_�\�u�o�� �\�h�^�� �k�h�k�l�h�y�e�Z�� �\�� �j�Z�a�[�Z�\�e�_�g�b�b��
�i�j�h�[�u���� �>�e�y�� �Z�g�Z�e�b�a�Z�� �]�Z�a�b�j�h�\�Z�g�g�h�]�h��
�g�Z�i�b�l�d�Z���_�]�h���^�_�]�Z�a�b�j�h�\�Z�e�b���g�Z���m�e�v�l�j�Z�a�\�m�d�h��
�\�h�c���\�Z�g�g�_���\���l�_�q�_�g�b�_���������f�b�g�����a�Z�l�_�f���j�Z�a�[�Z�\��
�e�y�e�b���\���������j�Z�a�����I�h�^�]�h�l�h�\�d�Z���h�i�h�e�Z�k�d�b�\�Z�l�_�e�y��
�^�e�y���i�h�e�h�k�l�b���j�l�Z���a�Z�d�e�x�q�Z�e�Z�k�v���\���h�l�[�h�j�_��������
�k�f3 �h�[�j�Z�a�p�Z�� �b���^�Z�e�v�g�_�c�r�_�c�� �l�\�z�j�^�h�n�Z�a�g�h�c��
�w�d�k�l�j�Z�d�p�b�b�� �k�� �i�h�f�h�s�v�x�� �i�Z�l�j�h�g�Z��
«Chromabond C18 ec f»���� �k�h�^�_�j�`�Z�s�b�c�� �k�h�j��
�[�_�g�l�� �g�Z�� �h�k�g�h�\�_�� �k�b�e�b�d�Z�]�_�e�y�� �k�� �i�j�b�\�b�l�u�f�b��
�j�Z�^�b�d�Z�e�Z�f�b��C18 («Macherey-�1�D�J�H�O�ª���� �=�_�j��
�f�Z�g�b�y������ �I�Z�l�j�h�g�� �i�j�_�^�\�Z�j�b�l�_�e�v�g�h�� �Z�d�l�b�\�b��
�j�h�\�Z�e�b���k���i�h�f�h�s�v�x�������k�f3 �Z�p�_�l�h�g�b�l�j�b�e�Z���k 
�i�h�k�e�_�^�m�x�s�_�c�� �i�j�h�f�u�\�d�h�c�� �^�_�b�h�g�b�a�h�\�Z�g��
�g�h�c���\�h�^�h�c�� 

�H�[�k�m�`�^�_�g�b�_���j�_�a�m�e�v�l�Z�l�h�\ 

�<�� �^�Z�g�g�h�c�� �j�Z�[�h�l�_�� �k�b�g�l�_�a�b�j�h�\�Z�e�b�� �k�h�j��
�[�_�g�l�� �g�Z�� �h�k�g�h�\�_�� �I�K-�>�<�;-�=�F�:���� �W�i�h�d�k�b�^��
�g�u�_�� �]�j�m�i�i�u�� �g�Z�� �i�h�\�_�j�o�g�h�k�l�b�� �j�Z�k�d�j�u�\�Z�e�b��
�^�_�c�k�l�\�b�_�f�� �b�a�[�u�l�d�Z�� �>�F�W�:���� �I�h�e�m�q�_�g�g�u�c��
�Z�g�b�h�g�h�h�[�f�_�g�g�b�d�� �l�_�k�l�b�j�h�\�Z�e�b�� �\�� �j�_�`�b�f�_��
�B�O���^�e�y���b�a�m�q�_�g�b�y���k�_�e�_�d�l�b�\�g�h�k�l�b���b���w�n�n�_�d��
�l�b�\�g�h�k�l�b�� �j�Z�a�^�_�e�_�g�b�y�� �j�Z�a�e�b�q�g�u�o�� �]�j�m�i�i��
�Z�g�b�h�g�h�\�� �<�k�_���h�i�u�l�u���i�j�h�\�h�^�b�e�b���\���b�a�h�d�j�Z��
�l�b�q�_�k�d�h�f���j�_�`�b�f�_���w�e�x�b�j�h�\�Z�g�b�y���k���b�k�i�h�e�v��
�a�h�\�Z�g�b�_�f�� �\�� �d�Z�q�_�k�l�\�_�� �w�e�x�_�g�l�Z�� �d�Z�j�[�h�g�Z�l��
�g�h�]�h���[�m�n�_�j�g�h�]�h���j�Z�k�l�\�h�j�Z�����������f�F��NaHCO3 
�������������f�F��Na2CO3 �b�������� �f�F��NaHCO3 + 0.2 
�f�F��Na2CO3 �^�e�y���k�e�Z�[�h�m�^�_�j�`�b�\�Z�_�f�u�o���Z�g�b��
�h�g�h�\����pH 9.3). 

�>�e�y�� �h�p�_�g�d�b�� �]�b�^�j�h�n�b�e�v�g�h�k�l�b�� �f�h�`�g�h��
�b�k�i�h�e�v�a�h�\�Z�l�v���a�g�Z�q�_�g�b�_���d�h�w�n�n�b�p�b�_�g�l�Z���k�_��
�e�_�d�l�b�\�g�h�k�l�b�� �i�h�e�y�j�b�a�m�_�f�h�]�h�� �g�b�l�j�Z�l�Z�� �d��
�o�e�h�j�b�^�m�����i�h���k�g�b�`�_�g�b�x���.��NO3/Cl�±�����f�h�`�g�h��
�k�m�^�b�l�v���h���i�h�\�u�r�_�g�b�b���k�l�_�i�_�g�b���]�b�^�j�h�n�b�e�b��
�a�Z�p�b�b��[16, 17]�����I�h���k�g�b�`�_�g�b�x���.��NO3/Br�±) �± 
�h�[�� �m�f�_�g�v�r�_�g�b�b�� �\�e�b�y�g�b�y�� �g�_�b�h�g�h�h�[�f�_�g��
�g�u�o�� �\�a�Z�b�f�h�^�_�c�k�l�\�b�c���� �L�Z�d�`�_�� �g�Z�� �m�\�_�e�b�q�_��
�g�b�_���]�b�^�j�h�n�b�e�v�g�h�k�l�b���b���k�g�b�`�_�g�b�_���k�l�_�i�_�g�b��
�k�r�b�\�d�b���n�m�g�d�p�b�h�g�Z�e�v�g�h�]�h���k�e�h�y���m�d�Z�a�u�\�Z�_�l��
�m�f�_�g�v�r�_�g�b�_�� �.��ClO3/Cl�±���� �b�� �.��ClO3/NO3

�±). 
�I�h�\�u�r�_�g�b�_�� �k�l�_�i�_�g�b�� �w�d�j�Z�g�b�j�h�\�Z�g�b�y�� �Z�j�h��
�f�Z�l�b�q�_�k�d�h�c�� �f�Z�l�j�b�p�u�� �f�h�`�g�h�� �h�p�_�g�b�l�v�� �i�h��
�k�g�b�`�_�g�b�x���.��BrO3/Cl�±).  
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�<���k�l�Z�l�v�_��[18] �h�i�b�k�Z�e�b���^�h�k�l�Z�l�h�q�g�h���]�b�^��
�j�h�n�b�e�v�g�u�c���k�h�j�[�_�g�l�����i�h�e�m�q�_�g�g�u�c���b�a���Z�f�b��
�g�b�j�h�\�Z�g�g�h�]�h���I�K-�>�<�;�����g�Z���d�h�l�h�j�u�c���i�h�^�_�c��
�k�l�\�h�\�Z�e�b�� ������-�[�m�l�Z�g�^�b�h�e�^�b�]�e�b�p�b�^�b�e�h�\�u�f��
�w�n�b�j�h�f���� �Z�� �h�[�j�Z�a�m�x�s�b�_�k�y�� �d�h�g�p�_�\�u�_��
�w�i�h�d�k�b-�]�j�m�i�i�u�� �h�[�j�Z�[�h�l�Z�e�b�� �>�F�W�:���� �L�Z�d����
�a�g�Z�q�_�g�b�_���.��NO3

�±/Cl�±�����k�h�k�l�Z�\�b�e�h�������������<���j�Z��
�[�h�l�_��[19] �i�h�e�m�q�b�e�b�� �^�\�m�o�k�e�h�c�g�u�c�� �]�b�i�_�j��
�j�Z�a�\�_�l�\�e�_�g�g�u�c�� �Z�g�b�h�g�h�h�[�f�_�g�g�b�d�� �g�Z�� �h�k��
�g�h�\�_���f�Z�l�j�b�p�u�����i�h�e�m�q�_�g�g�h�c���i�h���d�e�b�d-�j�_�Z�d��
�p�b�b���k���p�b�k�l�_�Z�f�b�g�h�f���b�a���k�h�i�h�e�b�f�_�j�Z���Z�e�e�b�e��
�f�_�l�Z�d�j�b�e�Z�l�Z���b���^�b�\�b�g�b�e�[�_�g�a�h�e�Z�����A�g�Z�q�_�g�b�_��
�.��NO3

�±/Cl�±�����k�h�k�l�Z�\�e�y�_�l�������������q�l�h���]�h�\�h�j�b�l���h��
�_�]�h�� �]�b�^�j�h�n�h�[�g�h�k�l�b���� �>�e�y�� �k�h�j�[�_�g�l�Z���� �i�h�e�m��
�q�_�g�g�h�]�h�� �\���^�Z�g�g�h�c�� �j�Z�[�h�l�_���� �.��NO3

�±/Cl�±) = 
���������� �.��NO3

�±/Br�±���� � �� ���������� �.��ClO3
�±/Cl�±) = 5.6; 

�.��ClO3
�±/NO3

�±���� � �� ���������� �.��BrO3
�±/Cl�±) = 1.9. 

�F�h�`�g�h�� �a�Z�d�e�x�q�b�l�v���� �q�l�h�� �Z�g�b�h�g�h�h�[�f�_�g�g�b�d��
�h�[�e�Z�^�Z�_�l���k�j�_�^�g�_�c���k�l�_�i�_�g�v�x���]�b�^�j�h�n�b�e�b�a�Z��
�p�b�b ���l�Z�[�e�����������I�h�e�m�q�_�g�g�u�c���k�h�j�[�_�g�l���i�h�a�\�h��
�e�y�_�l�� �w�n�n�_�d�l�b�\�g�h�� �j�Z�a�^�_�e�b�l�v�� ���� �k�l�Z�g�^�Z�j�l��
�g�u�o�� �g�_�h�j�]�Z�g�b�q�_�k�d�b�o�� �Z�g�b�h�g�h�\���� �A�g�Z�q�_�g�b�_��
N(Cl�±���� �k�h�k�l�Z�\�e�y�_�l�� ������������ �l�l���f���� �Z�� �^�e�y��
�h�k�l�Z�e�v�g�u�o���Z�g�b�h�g�h�\���h�l�������������l�l���f���^�e�y���g�b�l��
�j�Z�l�Z���b���^�h���������������l�l���f���^�e�y���n�l�h�j�b�^�Z�� 

�G�Z�� �i�h�e�m�q�_�g�g�h�f�� �k�h�j�[�_�g�l�_�� �h�d�k�h�]�Z�e�h�]�_��
�g�b�^�u�� �w�e�x�b�j�m�x�l�k�y�� �i�h�a�`�_�� �o�e�h�j�b�^�Z���� �q�l�h��
�h�]�j�Z�g�b�q�b�\�Z�_�l�� �\�h�a�f�h�`�g�h�k�l�v�� �h�i�j�_�^�_�e�_�g�b�y��
�o�e�h�j�b�l�Z�� �b�� �[�j�h�f�Z�l�Z�� �\�� �i�j�b�k�m�l�k�l�\�b�b�� �[�h�e�v��
�r�b�o���d�h�e�b�q�_�k�l�\���o�e�h�j�b�^�Z�����L�Z�d�`�_���Z�g�b�h�g�h�h�[��
�f�_�g�g�b�d���h�[�e�Z�^�Z�_�l���g�b�a�d�h�c���k�_�e�_�d�l�b�\�g�h�k�l�v�x��
�i�h�� �i�Z�j�Z�f�� �k�_�e�_�g�b�l���Z�j�k�_�g�Z�l�� �b�� �o�j�h�f�Z�l���l�b�h��
�k�m�e�v�n�Z�l���� �K�l�h�b�l�� �h�l�f�_�l�b�l�v���� �q�l�h�� �k�� �j�h�k�l�h�f��

�m�^�_�j�`�b�\�Z�g�b�y�� �h�d�k�h�Z�g�b�h�g�h�\�� �w�n�n�_�d�l�b�\��
�g�h�k�l�v�� �j�Z�a�^�_�e�_�g�b�y�� �m�f�_�g�v�r�Z�_�l�k�y���� �k�� ������������
�l�l���f�� �^�e�y�� �k�_�e�_�g�b�l�Z�� �^�h�� ���������� �l�l���f�� �^�e�y�� �l�b�h��
�k�m�e�v�n�Z�l�Z���� �n�h�j�f�Z�� �i�b�d�h�\�� �a�g�Z�q�b�l�_�e�v�g�h��
�m�o�m�^�r�Z�_�l�k�y���� �L�Z�d���� �^�e�y�� �k�b�e�v�g�h�i�h�e�y�j�b�a�m�_��
�f�h�]�h���l�b�h�k�m�e�v�n�Z�l�Z���d�h�w�n�n�b�p�b�_�g�l���Z�k�b�f�f�_�l��
�j�b�b���k�h�k�l�Z�\�b�e�������������W�l�h���m�d�Z�a�u�\�Z�_�l���g�Z���g�_�^�h��
�k�l�Z�l�h�d���i�h�e�m�q�_�g�g�h�]�h���k�h�j�[�_�g�l�Z�����j�Z�a�^�_�e�_�g�b�_��
�k�b�e�v�g�h�i�h�e�y�j�b�a�m�_�f�u�o�� �Z�g�b�h�g�h�\���� �\�� �q�Z�k�l�g�h��
�k�l�b���l�b�h�p�b�Z�g�Z�l�Z�����i�_�j�o�e�h�j�Z�l�Z���b���b�h�^�b�^�Z�����g�Z��
�g�z�f���g�_���i�j�_�^�k�l�Z�\�e�y�_�l�k�y���\�h�a�f�h�`�g�u�f�� 

�>�e�y�� �b�a�m�q�_�g�b�y�� �k�_�e�_�d�l�b�\�g�h�k�l�b�� �k�h�j�[�_�g�l�Z��
�i�h���h�l�g�h�r�_�g�b�x���d���k�e�Z�[�h�m�^�_�j�`�b�\�Z�_�f�u�f���Z�g�b��
�h�g�Z�f���h�^�g�h�h�k�g�h�\�g�u�o���h�j�]�Z�g�b�q�_�k�d�b�o���d�b�k�e�h�l��
�k�g�b�a�b�e�b�� �d�h�g�p�_�g�l�j�Z�p�b�x�� �d�h�f�i�h�g�_�g�l�h�\��
�w�e�x�_�g�l�Z�� ��1.8 �f�F�� NaHCO3 ���� �������� �f�F��
Na2CO3)���� �K�l�h�b�l�� �h�l�f�_�l�b�l�v���� �q�l�h���.��An�±/F�±) 
�^�h�k�l�b�]�Z�_�l���a�g�Z�q�_�g�b�y���h�l�����������^�e�y���]�Z�e�Z�d�l�m�j�h��
�g�Z�l�Z�� �^�h�� �������� �^�e�y�� �]�e�x�d�h�g�Z�l�Z���� �>�e�y�� �Z�g�b�h�g�h�\��
�^�\�m�o�h�k�g�h�\�g�u�o�� �d�b�k�e�h�l�� �a�g�Z�q�_�g�b�y�� �.��An2�±

/SO4
2�±���� �h�l�� �������� �^�e�y�� �f�Z�e�Z�l�Z�� �^�h�� �������� �^�e�y��

�Z�^�b�i�Z�l�Z���� �i�j�b�� �w�l�h�f�� �k�m�e�v�n�Z�l�� �b�� �f�Z�e�h�g�Z�l��
�w�e�x�b�j�m�x�l�k�y���k�h�\�f�_�k�l�g�h�����J�Z�a�^�_�e�_�g�b�_���h�j�]�Z��
�g�b�q�_�k�d�b�o�� �Z�g�b�h�g�h�\�� �i�j�h�b�k�o�h�^�b�l�� �^�h�k�l�Z��
�l�h�q�g�h�� �w�n�n�_�d�l�b�\�g�h�� ����������-������������ �b�� ����������-
17000 �l�l���f�� �^�e�y�� �h�^�g�h- �b�� �^�\�m�o�h�k�g�h�\�g�u�o��
�d�b�k�e�h�l������ �g�h�� �k�_�e�_�d�l�b�\�g�h�k�l�v�� �i�h�e�m�q�_�g�g�h�c��
�n�Z�a�u�� �i�h�� �h�l�g�h�r�_�g�b�x�� �d�� �g�b�f�� �g�_�\�u�k�h�d�Z�y���� �\��
�h�k�h�[�_�g�g�h�k�l�b���i�h���h�l�g�h�r�_�g�b�x���d���h�^�g�h�h�k�g�h�\��
�g�u�f���d�b�k�e�h�l�Z�f�� 

�G�Z�� �i�h�e�m�q�_�g�g�h�f�� �k�h�j�[�_�g�l�_�� �j�Z�a�^�_�e�b�e�b��
�f�h�^�_�e�v�g�u�_���k�f�_�k�b�����k�h�^�_�j�`�Z�s�b�_���d�Z�d���g�_�h�j��
�]�Z�g�b�q�_�k�d�b�_���� �l�Z�d�� �b�� �h�j�]�Z�g�b�q�_�k�d�b�_�� �Z�g�b�h�g�u����

�L�Z�[�e�b�p�Z���������D�h�w�n�n�b�p�b�_�g�l�u���k�_�e�_�d�l�b�\�g�h�k�l�b���i�h���i�Z�j�Z�f�����h�l�j�Z�`�Z�x�s�b�f���k�l�_�i�_�g�v���]�b�^�j�h�n�b�e�b�a�Z�p�b�b��
�n�m�g�d�p�b�h�g�Z�e�v�g�h�]�h�� �k�e�h�y�� �\�� �j�_�`�b�f�_�� �B�O���� �g�h�j�f�b�j�h�\�Z�g�g�u�_�� �w�n�n�_�d�l�b�\�g�h�k�l�b�� �g�b�l�j�Z�l�Z�� �h�l�g�h�k�b��
�l�_�e�v�g�h���o�e�h�j�b�^�Z���i�h�e�m�q�_�g�g�h�]�h���Z�g�b�h�g�h�h�[�f�_�g�g�b�d�Z���b���j�Z�g�_�_���h�i�b�k�Z�g�g�u�o���\���e�b�l�_�j�Z�l�m�j�_ 
Table 1. Selectivity coefficients for pairs reflecting the degree of hydrophilization of the func-
tional layer in IC mode, normalized efficiencies of nitrate relative to chloride of the obtained anion 
exchanger and described previously in literature 

�:�g�b�h�g�h�h�[�f�_�g�g�b�d �.��NO3
�±/Cl�±) �.��NO3

�±/Br�±) �K�k�u�e�d�Z 
�:�g�b�h�g�h�h�[�f�_�g�g�b�d���g�Z���h�k�g�h�\�_���k�h�i�h�e�b�f�_�j�Z��
�=�F�:-�>�<�;�����i�h�\�_�j�o�g�h�k�l�g�h���f�h�^�b�n�b�p�b�j�h��
�\�Z�g�g�h�]�h���Z�e�e�b�e�]�e�b�p�b�^�b�e�h�\�u�f���w�n�b�j�h�f���b��

�d�\�Z�l�_�j�g�b�a�h�\�Z�g�g�h�]�h���F�>�W�: 

2.9 1.4 [20] 

�:�g�b�h�g�h�h�[�f�_�g�g�b�d���g�Z���h�k�g�h�\�_���k�h�i�h�e�b�f�_�j�Z��
�=�F�:-�I�K-�>�<�;�����d�\�Z�l�_�j�g�b�a�h�\�Z�g�g�h�]�h���L�F�: 4.3 1.5 [13] 

�:�g�b�h�g�h�h�[�f�_�g�g�b�d���g�Z���h�k�g�h�\�_���I�K-�>�<�;����
�i�h�\�_�j�o�g�h�k�l�g�h���f�h�^�b�n�b�p�b�j�h�\�Z�g�g�h�]�h���=�F�:��

�b���d�h�\�Z�e�_�g�l�g�h���i�j�b�\�b�l�u�f���>�F�W�: 
3.3 1.5 �>�Z�g�g�Z�y���j�Z��

�[�h�l�Z 
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�L�Z�d�����j�Z�a�^�_�e�_�g�b�_�������k�l�Z�g�^�Z�j�l�g�u�o���g�_�h�j�]�Z�g�b��
�q�_�k�d�b�o���Z�g�b�h�g�h�\���i�j�h�b�k�o�h�^�b�l���i�j�b�f�_�j�g�h���a�Z��
���� �f�b�g���� �q�l�h�� �i�h�� �k�j�Z�\�g�_�g�b�x�� �k��[13] �]�h�j�Z�a�^�h��
�w�d�k�i�j�_�k�k�g�_�_���� �D�j�h�f�_�� �l�h�]�h���� �i�h�e�m�q�_�g�g�u�c��
�k�h�j�[�_�g�l�� �k�i�h�k�h�[�_�g�� �j�Z�a�^�_�e�b�l�v�� ���� �k�l�Z�g�^�Z�j�l��
�g�u�o�� �g�_�h�j�]�Z�g�b�q�_�k�d�b�o�� �Z�g�b�h�g�h�\�� �b�� ���� �h�d�k�h��
�Z�g�b�h�g�h�\�����\�d�e�x�q�Z�y���k�_�e�_�g�b�l�����b�e�b���Z�j�k�_�g�Z�l������
�k�_�e�_�g�Z�l�����\�h�e�v�n�j�Z�f�Z�l�����f�h�e�b�[�^�Z�l�����o�j�h�f�Z�l���a�Z��
�������f�b�g�����A�Z���������f�b�g���h�k�m�s�_�k�l�\�e�_�g�h���j�Z�a�^�_�e�_��
�g�b�_�� �k�f�_�k�b���� �k�h�^�_�j�`�Z�s�_�c�� ���� �k�l�Z�g�^�Z�j�l�g�u�o��
�g�_�h�j�]�Z�g�b�q�_�k�d�b�o�� �Z�g�b�h�g�h�\�� �b�� �� �^�\�m�o�h�k�g�h�\��
�g�u�o���h�j�]�Z�g�b�q�_�k�d�b�o���Z�g�b�h�g�Z���±  �l�Z�j�l�j�Z�l�Z�����h�d��
�k�Z�e�Z�l�Z�����f�Z�e�_�Z�l�Z�����j�b�k���������� 

�L�Z�d�b�f�� �h�[�j�Z�a�h�f���� �i�h�e�m�q�_�g�g�u�c�� �Z�g�b�h�g�h��
�h�[�f�_�g�g�b�d�� �g�Z�� �h�k�g�h�\�_�� �I�K-�>�<�;-�=�F�:��
�f�h�`�g�h�� �h�o�Z�j�Z�d�l�_�j�b�a�h�\�Z�l�v�� �e�b�r�v�� �d�Z�d�� �n�Z�a�m��
�k�j�_�^�g�_�c�� �]�b�^�j�h�n�b�e�v�g�h�k�l�b���� �<�_�j�h�y�l�g�h���� �^�e�y��
�m�\�_�e�b�q�_�g�b�y���w�n�n�_�d�l�b�\�g�h�k�l�b���b���k�_�e�_�d�l�b�\�g�h��
�k�l�b�� �j�Z�a�^�_�e�_�g�b�y�� �g�_�h�[�o�h�^�b�f�h�� �i�j�h�\�h�^�b�l�v��
�[�h�e�_�_�� �k�e�h�`�g�u�c�� �b�� �f�g�h�]�h�k�l�Z�^�b�c�g�u�c�� �k�b�g��
�l�_�a�����Z���l�Z�d�`�_ �i�j�_�^�\�Z�j�b�l�_�e�v�g�m�x���]�b�^�j�h�e�b�l�b��
�q�_�k�d�m�x�� �h�[�j�Z�[�h�l�d�m�� �f�Z�l�j�b�p�u�� �^�e�y�� �j�Z�k�d�j�u��
�l�b�y���g�_�i�j�h�j�_�Z�]�b�j�h�\�Z�\�r�b�o���w�i�h�d�k�b-�]�j�m�i�i���b��
�i�h�\�u�r�_�g�b�y���k�l�_�i�_�g�b���w�d�j�Z�g�b�j�h�\�Z�g�b�y���_�z���i�h��
�\�_�j�o�g�h�k�l�b���� �D�j�h�f�_�� �l�h�]�h���� �\�� �b�k�k�e�_�^�h�\�Z�g�b�y�o��

�b�k�i�h�e�v�a�h�\�Z�e�b�� �d�Z�j�[�h�g�Z�l�g�u�c�� �w�e�x�_�g�l���� �i�h��
�k�d�h�e�v�d�m�� �f�Z�l�j�b�p�Z�� �g�_�m�k�l�h�c�q�b�\�Z�� �\�� �k�b�e�v�g�h��
�s�_�e�h�q�g�h�c���k�j�_�^�_�����<�h�a�f�h�`�g�h�����^�e�y���m�\�_�e�b�q�_��
�g�b�y�� �j�Z�a�j�_�r�_�g�b�y�� �i�b�d�h�\�� �k�l�h�b�l�� �b�k�i�h�e�v�a�h��
�\�Z�l�v�� �[�h�e�_�_�� �k�l�Z�[�b�e�v�g�u�_�� �f�Z�l�j�b�p�u���� �k�h�\�f�_��
�k�l�b�f�u�_�� �k�� �]�j�Z�^�b�_�g�l�g�u�f�� �w�e�x�b�j�h�\�Z�g�b�_�f��
�s�z�e�h�q�v�x�����>�h�k�l�h�b�g�k�l�\�Z���^�Z�g�g�h�]�h���k�h�j�[�_�g�l�Z��
�k�h�k�l�h�y�l�� �\�� �l�h�f���� �q�l�h�� �_�]�h�� �i�h�e�m�q�_�g�b�_�� �a�Z�g�b��
�f�Z�_�l���g�_�f�g�h�]�h���\�j�_�f�_�g�b���b���a�Z�l�j�Z�l�����G�_�k�f�h�l�j�y��
�g�Z���g�_�w�n�n�_�d�l�b�\�g�h�_���j�Z�a�^�_�e�_�g�b�_���k�b�e�v�g�h���m�^�_�j��
�`�b�\�Z�_�f�u�o�� �Z�g�b�h�g�h�\���� �g�Z�� �^�Z�g�g�h�f�� �Z�g�b�h�g�h�h�[��
�f�_�g�g�b�d�_���k�f�h�]�e�b���j�Z�a�^�_�e�b�l�v���k�f�_�k�b�����k�h�^�_�j�`�Z��
�s�b�_���^�h���������Z�g�b�h�g�h�\���j�Z�a�e�b�q�g�h�c���i�j�b�j�h�^�u��  

�<�u�k�h�d�Z�y�� �w�n�n�_�d�l�b�\�g�h�k�l�v�� �b�� �k�d�h�j�h�k�l�v��
�j�Z�a�^�_�e�_�g�b�y�� ���� �k�l�Z�g�^�Z�j�l�g�u�o�� �Z�g�b�h�g�h�\�� �k�� �b�k��
�i�h�e�v�a�h�\�Z�g�b�_�f�� �^�h�k�l�m�i�g�h�]�h�� �d�Z�j�[�h�g�Z�l�g�h�]�h��
�w�e�x�_�g�l�Z�� �i�h�a�\�h�e�b�e�b�� �g�Z�c�l�b�� �i�j�Z�d�l�b�q�_�k�d�h�_��
�i�j�b�f�_�g�_�g�b�_�� �i�h�e�m�q�_�g�g�h�]�h�� �Z�g�b�h�g�h�h�[�f�_�g��
�g�b�d�Z���� �;�_�a�m�k�e�h�\�g�h���� �w�l�h�� �h�i�j�_�^�_�e�_�g�b�_�� �Z�g�b�h��
�g�h�\���\���i�j�h�[�Z�o���\�h�^�u�����d�h�l�h�j�h�_���a�Z�g�b�f�Z�_�l���\�Z�`��
�g�h�_�� �f�_�k�l�h�� �\�� �Z�g�Z�e�b�l�b�q�_�k�d�h�c�� �o�b�f�b�b�����I�h��
�g�Z�e�b�q�b�x���b�e�b���h�l�k�m�l�k�l�\�b�x�����Z���l�Z�d�`�_���d�h�g�p�_�g��
�l�j�Z�p�b�b�� �Z�g�b�h�g�h�\�� �\�� �i�j�h�[�_�� �f�h�`�g�h�� �k�m�^�b�l�v�� �h��
�\�h�a�f�h�`�g�h�k�l�b�� �_�z�� �a�Z�]�j�y�a�g�_�g�b�y�� �l�h�d�k�b�q�g�u�f�b��
�\�_�s�_�k�l�\�Z�f�b���� �G�Z�i�j�b�f�_�j���� �i�j�b�k�m�l�k�l�\�b�_�� �[�j�h��
�f�b�^�Z�� �\�� �i�j�h�[�_�� �\�h�^�u�� �m�d�Z�a�u�\�Z�_�l�� �g�Z�� �l�h���� �q�l�h����

 
�J�b�k�����������O�j�h�f�Z�l�h�]�j�Z�f�f�u���f�h�^�_�e�v�g�u�o���k�f�_�k�_�c���g�Z���i�h�e�m�q�_�g�g�h�f���Z�g�b�h�g�h�h�[�f�_�g�g�b�d�_�������Z�����± 7 �k�l�Z�g��
�^�Z�j�l�g�u�o���Z�g�b�h�g�h�\�������[�����± �����k�l�Z�g�^�Z�j�l�g�u�o���Z�g�b�h�g�h�\���b�������h�d�k�h�Z�g�b�h�g�h�\�������\�����± 7 �k�l�Z�g�^�Z�j�l�g�u�o���Z�g�b�h��

�g�h�\���b�������^�\�m�o�h�k�g�h�\�g�u�o���h�j�]�Z�g�b�q�_�k�d�b�o���Z�g�b�h�g�Z�����K�d�h�j�h�k�l�v �i�h�l�h�d�Z: 1 �k�f3/�f�b�g. 
Fig. 1. Chromatograms of model mixtures on the obtained anion exchanger. (a) �± 7 standard ani-
ons, (b) �± 7 standard anions and 5 oxyanions, (c) �± 7 standard anions and 3 divalent organic ac-

ids. Flow rate: 1 ml/min. 
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�k�d�h�j�_�_���\�k�_�]�h�����_�k�l�v���b���[�j�h�f�Z�l�����_�k�e�b���\�h�^�m���h�[��
�j�Z�[�Z�l�u�\�Z�x�l�� �h�a�h�g�b�j�h�\�Z�g�b�_�f���� �;�j�h�f�Z�l�� �y�\�e�y��
�_�l�k�y���d�Z�g�p�_�j�h�]�_�g�h�f�����Z���l�Z�d�`�_���i�j�_�\�j�Z�s�Z�_�l�k�y���\��
�l�h�d�k�b�q�g�u�_���\�_�s�_�k�l�\�Z�����<�u�k�h�d�h�_���k�h�^�_�j�`�Z�g�b�_��
�g�b�l�j�Z�l�Z�� �k�i�h�k�h�[�k�l�\�m�_�l�� �h�[�j�Z�a�h�\�Z�g�b�x�� �[�h�e�_�_��
�l�h�d�k�b�q�g�u�o���k�h�_�^�b�g�_�g�b�c��[21]. 

�:�g�Z�e�b�a���i�b�l�v�_�\�u�o���\�h�^���\�d�e�x�q�Z�_�l���\���k�_�[�y��
�h�i�j�_�^�_�e�_�g�b�_�� ���� �k�l�Z�g�^�Z�j�l�g�u�o�� �g�_�h�j�]�Z�g�b�q�_��
�k�d�b�o���Z�g�b�h�g�h�\�����l�Z�d�b�o���d�Z�d���n�l�h�j�b�^�����o�e�h�j�b�^����
�g�b�l�j�b�l���� �[�j�h�f�b�^���� �g�b�l�j�Z�l���� �k�m�e�v�n�Z�l�� �b�� �n�h�k��
�n�Z�l�����<���d�Z�q�_�k�l�\�_���h�[�t�_�d�l�h�\���Z�g�Z�e�b�a�Z���\�u�[�j�Z�e�b��
�i�b�l�v�_�\�u�_�� �\�h�^�u�� �©�:�j�o�u�a�ª�� �b���©�?�k�k�_�g�l�m�d�b��

 
�J�b�k�����������O�j�h�f�Z�l�h�]�j�Z�f�f�u���h�[�t�_�d�l�h�\���g�Z���i�h�e�m�q�_�g�g�h�f���k�h�j�[�_�g�l�_�����i�b�l�v�_�\�u�_���\�h�^�u���©�:�j�o�u�a�ª���b���©�?�k��

�k�_�g�l�m�d�b���‹���ª�����]�Z�a�b�j�h�\�Z�g�g�u�c���g�Z�i�b�l�h�d���©�&�R�F�D-�&�R�O�D�ª���b���h�i�h�e�Z�k�d�b�\�Z�l�_�e�v���^�e�y���i�h�e�h�k�l�b���j�l�Z���©�5�R�F�V�ª�� 
Fig. 2. Chromatograms of samples on the obtained resin: drinking waters «Arkhyz» and «Es-

sentuki No. 4», carbonated drink «Coca-Cola» and mouthwash «Rocs». 
 

�L�Z�[�e�b�p�Z���������K�h�^�_�j�`�Z�g�b�_���Z�g�b�h�g�h�\���b���h�p�_�g�d�Z���i�j�Z�\�b�e�v�g�h�k�l�b���f�_�l�h�^�Z���h�i�j�_�^�_�e�_�g�b�y���g�_�h�j�]�Z�g�b�q�_��
�k�d�b�o�� �Z�g�b�h�g�h�\�� �\�� �i�b�l�v�_�\�u�o�� �\�h�^�Z�o���� �g�Z�i�b�l�d�_�� �©Coca-Coal�ª�� �b�� �h�i�h�e�Z�k�d�b�\�Z�l�_�e�_�� �^�e�y�� �i�h�e�h�k�l�b�� �j�l�Z��
«Rocs» (n=3, P=0.95) 
Table 2. Anion content and assessment of the accuracy of the method for determining inorganic 
anions in drinking water, drink «Coca-Coal» and mouthwash «Rocs» (n=3, P=0.95) 

�H�[�t��
�_�d�l �©�:�j�o�u�a�ª �©�?�k�k�_�g�l�m�d�b���‹���ª 

�:�g�b�h�g 
�<���i�j�h�[�_��
�[�_�a���^�h��

�[�Z�\�d�b�����f�]���e 

�<�\�_�^�_�g�h����
�f�]���^�f3 

�G�Z�c�^�_�g�h����
�f�]���^�f3 

�<���i�j�h�[�_���[�_�a��
�^�h�[�Z�\�d�b����
�f�]���^�f3 

�<�\�_��
�^�_�g�h����
�f�]���^�f3 

�G�Z�c�^�_�g�h����
�f�]���^�f3 

Cl�± 6.0±0.1 6.0 11.5±0.8 1900±300 2000 3300±400 
NO3

�± 5.5±0.2 6.0 10.7±0.8 �± �± �± 
SO4

2�± 10.3±0.6 10.0 19.0±1.3 7.4±0.3 8.0 14.6±0.6 
�H�[�t��
�_�d�l «Coca-Cola» �H�i�h�e�Z�k�d�b�\�Z�l�_�e�v���^�e�y���i�h�e�h�k�l�b���j�l�Z��

«Rocs» 

�:�g�b�h�g 

�<���i�j�h�[�_��
�[�_�a���^�h��
�[�Z�\�d�b����
�f�]���^�f3 

�<�\�_�^�_�g�h����
�f�]���^�f3 

�G�Z�c�^�_�g�h����
�f�]���^�f3 

�<���i�j�h�[�_���[�_�a��
�^�h�[�Z�\�d�b����
�f�]���^�f3 

�<�\�_��
�^�_�g�h����
�f�]���^�f3 

�G�Z�c�^�_�g�h����
�f�]���^�f3 

Cl�± 19±1 10 25±5 230±30 200 410±30 
NO3

�± 10±1 10 15±5 �± �± �± 
HPO4

2�± 600±100 500 1000±100 90±10 100 150±30 
SO4

2�± 50±5 40 80±10 110±10 100 200±20 
«-» - �g�_���h�[�g�Z�j�m�`�_�g�h 

 



 

�K�h�j�[�p�b�h�g�g�u�_���b���o�j�h�f�Z�l�h�]�j�Z�n�b�q�_�k�d�b�_���i�j�h�p�_�k�k�u����������5�����L. 25�����‹��5. �K. 730-738. 
Sorbtsionnye i khromatograficheskie protsessy. 2025. Vol. 25, No 5. pp. 730-738. 
 
ISSN 1680-0613_____________________________________________________________ 

 

 

 
 

737  

�‹�� �ª�����j�b�k�����������l�Z�[�e���������� �<���k�h�k�l�Z�\�_���i�b�l�v�_�\�h�c��
�\�h�^�u�� �©�:�j�o�u�a�ª�� �h�i�j�_�^�_�e�b�e�b�� �o�e�h�j�b�^���� �g�b�l��
�j�Z�l�� �b�� �k�m�e�v�n�Z�l���� �<�� �\�h�^�_�� �©�:�j�o�u�a�ª�� �m�d�Z�a�Z�g�h��
�k�h�^�_�j�`�Z�g�b�_���o�e�h�j�b�^�h�\���b���k�m�e�v�n�Z�l�h�\������-�������b��
3-15 �f�]���^�f3�����k�h�h�l�\�_�l�k�l�\�_�g�g�h�����I�j�b���Z�g�Z�e�b�a�_��
�i�b�l�v�_�\�h�c�� �\�h�^�u�� �©�?�k�k�_�g�l�m�d�b�� �‹���ª�� �h�i�j�_�^�_��
�e�y�e�b���o�e�h�j�b�^���b���k�m�e�v�n�Z�l�����K�h�]�e�Z�k�g�h���Z�g�b�h�g��
�g�h�f�m�� �k�h�k�l�Z�\�m���� �m�d�Z�a�Z�g�g�h�f�m�� �i�j�h�b�a�\�h�^�b�l�_��
�e�_�f���� �k�h�^�_�j�`�Z�g�b�_���o�e�h�j�b�^�Z���b���k�m�e�v�n�Z�l�Z�� �k�h��
�k�l�Z�\�e�y�_�l����������-�����������b��������-�������f�]���^�f3�����k�h�h�l��
�\�_�l�k�l�\�_�g�g�h���� �G�Z�c�^�_�g�g�u�_�� �d�h�e�b�q�_�k�l�\�Z��
�Z�g�b�h�g�h�\���\���i�b�l�v�_�\�u�o���\�h�^�Z�o���k�h�]�e�Z�k�m�x�l�k�y���k��
�a�Z�y�\�e�_�g�g�u�f�b���i�j�h�b�a�\�h�^�b�l�_�e�y�f�b�� 

�D�j�h�f�_���l�h�]�h�����Z�d�l�m�Z�e�v�g�h�c���a�Z�^�Z�q�_�c���k�h�\�j�_��
�f�_�g�g�h�c�� �B�O�� �l�Z�d�`�_�� �y�\�e�y�_�l�k�y�� �h�^�g�h�\�j�_�f�_�g��
�g�h�_���h�i�j�_�^�_�e�_�g�b�_���g�_�h�j�]�Z�g�b�q�_�k�d�b�o���b���h�^�g�h-
�����^�\�m�o- �b���l�j�z�o�h�k�g�h�\�g�u�o���h�j�]�Z�g�b�q�_�k�d�b�o���d�b�k��
�e�h�l�����I�j�b���i�j�h�b�a�\�h�^�k�l�\�_���g�Z�i�b�l�d�h�\���b�k�i�h�e�v��
�a�m�x�l�� �l�Z�d�b�_�� �j�_�]�m�e�y�l�h�j�u�� �d�b�k�e�h�l�g�h�k�l�b���� �d�Z�d��
�e�b�f�h�g�g�Z�y���b���n�h�k�n�h�j�g�Z�y���d�b�k�e�h�l�u���� �<���d�Z�q�_��
�k�l�\�_�� �h�[�t�_�d�l�Z�� �^�e�y�� �h�i�j�_�^�_�e�_�g�b�y�� �Z�g�b�h�g�h�\��
�\�u�[�j�Z�e�b�� �g�Z�i�b�l�h�d�� �©Coca-Cola�ª���� �k�h�^�_�j�`�Z��
�s�b�c���d�Z�d���p�b�l�j�Z�l-�����l�Z�d���b���k�m�e�v�n�Z�l-�b�h�g�u���>���@����
�H�i�j�_�^�_�e�_�g�b�_�� �p�b�l�j�Z�l-�b�h�g�Z �g�_�� �i�j�_�^�k�l�Z�\�e�y��
�e�h�k�v���\�h�a�f�h�`�g�u�f���g�Z���i�h�e�m�q�_�g�g�h�f���Z�g�b�h�g�h�[��
�f�_�g�g�b�d�_ �k�� �b�k�i�h�e�v�a�h�\�Z�g�b�_�f�� �d�Z�j�[�h�g�Z�l�g�h�]�h��
�w�e�x�_�g�l�Z���� �l�Z�d�� �d�Z�d�� �^�e�y�� �w�l�h�c�� �a�Z�^�Z�q�b��
�g�_�h�[�o�h�^�b�f�h�� �b�k�i�h�e�v�a�h�\�Z�g�b�_�� �]�j�Z�^�b�_�g�l�g�h�]�h��
�w�e�x�b�j�h�\�Z�g�b�y���� �L�_�f�� �g�_�� �f�_�g�_�_���� �i�j�b�k�m�l�k�l�\�b�_��
�p�b�l�j�Z�l�Z���\���g�Z�i�b�l�d�_���g�_���f�_�r�Z�_�l���h�i�j�_�^�_�e�_�g�b�x 
�^�j�m�]�b�o�� �Z�g�b�h�g�h�\�� �g�Z�� �j�Z�a�j�Z�[�h�l�Z�g�g�h�c��
�d�h�e�h�g�d�_�����j�b�k���������� �<���g�Z�i�b�l�d�_���[�u�e�b���h�[�g�Z�j�m��
�`�_�g�u���o�e�h�j�b�^�u�����g�b�l�j�Z�l�u�����]�b�^�j�h�n�h�k�n�Z�l�u���b��
�k�m�e�v�n�Z�l�u ���l�Z�[�e���� ������ �L�Z�d�`�_�� �\�Z�`�g�h�c�� �a�Z�^�Z��
�q�_�c���i�j�b���Z�g�Z�e�b�a�_���g�Z�i�b�l�d�h�\���y�\�e�y�_�l�k�y���h�i�j�_��
�^�_�e�_�g�b�_���h�d�k�Z�e�Z�l�Z�����g�Z�e�b�q�b�_���d�h�l�h�j�h�]�h���\�e�b��
�y�_�l���g�Z���j�b�k�d���h�[�j�Z�a�h�\�Z�g�b�y���d�Z�f�g�_�c���\���i�h�q�d�Z�o��
[4, 20]. �<���j�_�a�m�e�v�l�Z�l�_���Z�g�Z�e�b�a�Z���h�d�k�Z�e�Z�l-�Z�g�b��
�h�g�u���g�_���[�u�e�b���h�[�g�Z�j�m�`�_�g�u�� 

�K�l�h�b�l�� �h�l�f�_�l�b�l�v���� �q�l�h�� �h�i�j�_�^�_�e�_�g�b�_�� �k�h��
�^�_�j�`�Z�g�b�y���Z�g�b�h�g�h�\���\���l�Z�d�b�o���k�j�_�^�k�l�\�Z�o���e�b�q��
�g�h�c���]�b�]�b�_�g�u�����d�Z�d���h�i�h�e�Z�k�d�b�\�Z�l�_�e�b���^�e�y���i�h��
�e�h�k�l�b�� �j�l�Z���� �b�]�j�Z�_�l�� �g�_�f�Z�e�h�\�Z�`�g�m�x�� �j�h�e�v����
�:�\�l�h�j�u��[22] �i�j�h�\�_�e�b�� �b�k�k�e�_�^�h�\�Z�g�b�_���� �a�Z��
�d�e�x�q�Z�x�s�_�_�k�y���\���b�a�m�q�_�g�b�b���i�h�[�h�q�g�h�]�h���\�e�b��
�y�g�b�y���g�Z���h�j�]�Z�g�b�a�f���q�_�e�h�\�_�d�Z���d�h�f�i�h�g�_�g�l�h�\����
�\�o�h�^�y�s�b�o�� �\�� �k�h�k�l�Z�\�� �l�Z�d�b�o�� �h�i�h�e�Z�k�d�b�\�Z�l�_��
�e�_�c���� �<�Z�`�g�h���� �q�l�h�� �w�l�b�� �h�[�t�_�d�l�u�� �y�\�e�y�x�l�k�y��

�f�g�h�]�h�d�h�f�i�h�g�_�g�l�g�u�f�b���� �<�� �b�o�� �k�h�k�l�Z�\�� �i�h��
�f�b�f�h���p�_�e�_�\�u�o���\�_�s�_�k�l�\���\�o�h�^�y�l���j�Z�a�e�b�q�g�u�_��
�\�k�i�h�f�h�]�Z�l�_�e�v�g�u�_���� �l�Z�d�b�_�� �d�Z�d�� �I�:�<���� �i�_�g�h��
�h�[�j�Z�a�h�\�Z�l�_�e�b���� �k�l�Z�[�b�e�b�a�Z�l�h�j�u�� �b�� �^�j���� �L�Z�d����
�g�Z�e�b�q�b�_���Z�g�l�b�h�d�k�b�^�Z�g�l�h�\���b���d�h�g�k�_�j�\�Z�g�l�h�\����
�g�Z�i�j�b�f�_�j���� �Z�k�d�h�j�[�b�g�h�\�h�c�� �b�� �[�_�g�a�h�c�g�h�c��
�d�b�k�e�h�l���� �k�h�h�l�\�_�l�k�l�\�_�g�g�h���� �f�h�`�_�l�� �\�u�a�\�Z�l�v��
�j�Z�a�^�j�Z�`�_�g�b�_���d�h�`�b�����;�_�a�m�k�e�h�\�g�h�����g�_�k�f�h�l�j�y��
�g�Z���i�h�e�v�a�m���n�l�h�j�b�^�h�\���� �_�]�h���a�Z�\�u�r�_�g�g�h�_���k�h��
�^�_�j�`�Z�g�b�_���f�h�`�_�l���g�_�]�Z�l�b�\�g�h���\�e�b�y�l�v���g�Z���k�h��
�k�l�h�y�g�b�_�� �a�m�[�h�\���� �<�� �k�h�k�l�Z�\�_�� �l�Z�d�`�_�� �i�j�b�k�m�l��
�k�l�\�m�x�l�� �Z�j�h�f�Z�l�b�a�Z�l�h�j�u�� �b�� �i�h�^�k�e�Z�k�l�b�l�_�e�b����
�m�k�e�h�`�g�y�x�s�b�_�� �i�j�h�[�h�i�h�^�]�h�l�h�\�d�m�� �^�e�y��
�h�i�j�_�^�_�e�_�g�b�y���Z�g�b�h�g�h�\���\���j�_�`�b�f�_���B�O�����<���d�Z��
�q�_�k�l�\�_���h�[�t�_�d�l�Z���^�e�y���Z�g�Z�e�b�a�Z���\�u�[�j�Z�e�b���h�i�h��
�e�Z�k�d�b�\�Z�l�_�e�v�� �^�e�y�� �i�h�e�h�k�l�b�� �j�l�Z�� �n�b�j�f�u��
«Rocs�ª���� �\�� �d�h�l�h�j�h�f�� �h�i�j�_�^�_�e�b�e�b�� �o�e�h�j�b�^����
�]�b�^�j�h�n�h�k�n�Z�l���b���k�m�e�v�n�Z�l ���j�b�k�����������l�Z�[�e������������ 

�I�j�_�^�_�e�u�� �h�[�g�Z�j�m�`�_�g�b�y�� ���� �k�l�Z�g�^�Z�j�l�g�u�o��
�Z�g�b�h�g�h�\�� �g�Z�o�h�^�b�e�b�k�v�� �\�� �^�b�Z�i�Z�a�h�g�_�� ��������-
�����������f�]���e�����Z���\�h�k�i�j�h�b�a�\�h�^�b�f�h�k�l�v���\���l�_�q�_�g�b�_��
�k�m�l�h�d�����Vr�����Q� �������k�h�k�l�Z�\�b�e�Z���f�_�g�_�_�����������F�_�l�h��
�^�h�f���©�\�\�_�^�_�g�h-�g�Z�c�^�_�g�h�ª���i�h�^�l�\�_�j�^�b�e�b���i�j�Z��
�\�b�e�v�g�h�k�l�v���h�i�j�_�^�_�e�_�g�b�y���Z�g�b�h�g�h�\�����l�Z�[�e���������� 

�A�Z�d�e�x�q�_�g�b�_ 

�L�Z�d�b�f���h�[�j�Z�a�h�f�����f�h�^�b�n�b�p�b�j�h�\�Z�g�b�_���^�b��
�f�_�l�b�e�w�l�Z�g�h�e�Z�f�b�g�h�f�� �I�K-�>�<�;-�=�F�:�� �i�h�a��
�\�h�e�b�e�h�� �i�h�e�m�q�b�l�v�� �Z�g�b�h�g�h�h�[�f�_�g�g�b�d�� �k�j�_�^��
�g�_�c���]�b�^�j�h�n�b�e�v�g�h�k�l�b���\���h�^�g�m���k�l�Z�^�b�x�������G�_��
�k�f�h�l�j�y���g�Z���l�j�m�^�g�h�k�l�b���i�j�b���h�^�g�h�\�j�_�f�_�g�g�h�f��
�h�i�j�_�^�_�e�_�g�b�b�� �k�b�e�v�g�h- �b�� �k�e�Z�[�h�m�^�_�j�`�b�\�Z�_��
�f�u�o���Z�g�b�h�g�h�\�����i�h�e�m�q�_�g�g�u�c���k�h�j�[�_�g�l���k�i�h�k�h��
�[�_�g���d���j�Z�a�^�_�e�_�g�b�x���k�l�Z�g�^�Z�j�l�g�u�o���g�_�h�j�]�Z�g�b��
�q�_�k�d�b�o���Z�g�b�h�g�h�\�����Z���l�Z�d�`�_���g�_�d�h�l�h�j�u�o���h�d�k�h��
�]�Z�e�h�]�_�g�b�^�h�\�� �b�� �h�j�]�Z�g�b�q�_�k�d�b�o�� �d�b�k�e�h�l���� �I�h��
�e�m�q�_�g�g�u�c�� �Z�g�b�h�g�h�h�[�f�_�g�g�b�d�� �b�k�i�h�e�v�a�h�\�Z�g��
�^�e�y�� �w�d�k�i�j�_�k�k�g�h�]�h�� �b�� �w�n�n�_�d�l�b�\�g�h�]�h�� �h�i�j�_��
�^�_�e�_�g�b�y�� ���� �k�l�Z�g�^�Z�j�l�g�u�o�� �g�_�h�j�]�Z�g�b�q�_�k�d�b�o��
�Z�g�b�h�g�h�\���\���i�b�l�v�_�\�u�o���\�h�^�Z�o�����]�Z�a�b�j�h�\�Z�g�g�h�f��
�g�Z�i�b�l�d�_�� �b�� �h�i�h�e�Z�k�d�b�\�Z�l�_�e�_�� �^�e�y�� �i�h�e�h�k�l�b��
�j�l�Z���k���b�k�i�h�e�v�a�h�\�Z�g�b�_�f���^�h�k�l�m�i�g�h�]�h���o�j�h�f�Z��
�l�h�]�j�Z�n�b�q�_�k�d�h�]�h�� �h�[�h�j�m�^�h�\�Z�g�b�y�� �k�� �d�Z�j�[�h��
�g�Z�l�g�u�f���w�e�x�_�g�l�h�f�� 

�D�h�g�n�e�b�d�l���b�g�l�_�j�_�k�h�\�� 

�:�\�l�h�j�u�� �a�Z�y�\�e�y�x�l���� �q�l�h�� �m�� �g�b�o�� �g�_�l�� �b�a��
�\�_�k�l�g�u�o���n�b�g�Z�g�k�h�\�u�o���d�h�g�n�e�b�d�l�h�\���b�g�l�_�j�_��
�k�h�\�� �b�e�b�� �e�b�q�g�u�o�� �h�l�g�h�r�_�g�b�c���� �d�h�l�h�j�u�_��



 

�K�h�j�[�p�b�h�g�g�u�_���b���o�j�h�f�Z�l�h�]�j�Z�n�b�q�_�k�d�b�_���i�j�h�p�_�k�k�u����������5�����L. 25�����‹��5. �K. 730-738. 
Sorbtsionnye i khromatograficheskie protsessy. 2025. Vol. 25, No 5. pp. 730-738. 
 
ISSN 1680-0613_____________________________________________________________ 

 

 

 
 

738 

�f�h�]�e�b�� �[�u�� �i�h�\�e�b�y�l�v�� �g�Z�� �j�Z�[�h�l�m���� �i�j�_�^�k�l�Z�\��
�e�_�g�g�m�x���\���w�l�h�c���k�l�Z�l�v�_�� 

�K�i�b�k�h�d �e�b�l�_�j�Z�l�m�j�u/References 
1. Rybakova E. J. Anal. 2014; 4: 76-82 (In 

Russ.) 
2. Zatirakha A.V., Smolenkov A.D., Shpigun 

O.A. Anal. Chim. Acta. 2016; 904: 33-50. 
3. �6�ê�N�R�U�D���'���������H�]�D�Q�N�D���3�������=�i�U�X�E�D���.�������.�U�i�O���9����

J. Sep. Sci. 2019; 42: 89-129. 
4. Weiss J. Handbook of ion chromatog-

raphy. 4 ed. Weinheim, WILEY-VCH Verlag 
GmbH & Co. KGaA. 2016. 1576 p.  

5. �ý�R�X�S�H�N�� �-������ �9�L�Q�ã�� �,����J. Chromatogr. A. 
1994: 658(2): 391-398. 

6. Auler L., Silva C., Collins K., Collins C. 
J. Chromatogr. A. 2005; 1073: 147-153. 

7. McNeff C., Zhao Q., Carr P. J. Chroma-
togr. A. 1994; 684: 201-211. 

8. Blackwell J., Carr P. J. Chromatogr. A. 
1991; 549: 59-75. 

9. Nesterenko P., Poole C., Sun Y.«Ion-
Exchange Chromatography and Related 
Techniques». 1 ed. Amsterdam, Netherlands. 
Elsevier Pub. Co. 2023. 644 p. 

10. Davankov V., Pavlova L., Tsyurupa M., 
Brady J., Balsamo M., Yousha E. J. Chroma-
togr. B. Biomed. Sci. Appl. 2000; 739: 73-80. 

11. Bruzzoniti M.C., Mentasti E., Pohl C.A., 
Riviello J.M., Sarzanini C. J. Chromatogr. A. 
2001; 925: 99-108. 

12. Wheeler S.E., Houk K.N. J. Phys. Chem. 
A. 2010; 14: 8658-8664. 

13. Liu J., Wang Y., Cheng H., Wang N., Wu 
S., Zhang P., Zhu Y. Talanta. 2016; 159: 272�±
279. 

14. Dasgupta P., Maleki F. Talanta. 2019; 
204: P. 89�±137. 

15. Nair L., Saari-Nordhaus R., Montgomery 
R. J. Chromatogr. A. 1997; 789: 127-134. 

16. Zatirakha A.V., Pohl C.A. J. Chromatogr. 
A. 2023; 1706: 464218. 

17. Gorbovskaya A.V., Popkova E.K., Uzhel 
A.S., Shpigun O.A., Zatirakha A.V. J. Anal. 
Chem. 2023; 78: 507-519 (In Russ.) 

18. Shchukina O.I., Zatirakha A.V., Smo-
lenkov A.D., Nesterenko P.N., Shpigun O.A. J. 
Chromatogr. A. 2015; 1408: 78-86. 

19. Zhang K., Lou C., Zhu Y., Zhi M., Zeng 
X. Talanta. 2018; 184: 491-498. 

20. Li Z., Chen X., Zhang F., Yang B. Chin. 
J. Chromatogr. 2022; 40: 730-735. 

21. Rodgers A. Urol. Res. 1999; 27: 77-81. 
22. Yazicioglu O., Ucuncu M., Int. Dent. J. 

2024; 74: 223-241. 

�B�g�n�h�j�f�Z�p�b�y �h�[ �Z�\�l�h�j�Z�o / Information about the authors 
�?���<���� �I�h�]�h�g�y���± �k�l�m�^�_�g�l�� �d�Z�n�_�^�j�u�� �Z�g�Z�e�b�l�b�q�_�k�d�h�c��

�o�b�f�b�b���� �F�h�k�d�h�\�k�d�b�c�� �]�h�k�m�^�Z�j�k�l�\�_�g�g�u�c�� �m�g�b�\�_�j�k�b��
�l�_�l���b�f�����F���<�����E�h�f�h�g�h�k�h�\�Z�����o�b�f�b�q�_�k�d�b�c���n�Z�d�m�e�v�l�_�l����
�F�h�k�d�\�Z�����J�h�k�k�b�y�����E�R�V�V���S�R�J�R�Q�\�D�#�L�Q�E�R�[���U�X 

E.V. Pogonya �± student, department of Analytical 
chemistry, Lomonosov Moscow State University, 
Chemistry Department, Moscow, Russia, boss.pogo-
nya@inbox.ru 

�:���<�� �=�h�j�[�h�\�k�d�Z�y �± �d���o���g�������g���k�����d�Z�n�_�^�j�u���Z�g�Z�e�b�l�b��
�q�_�k�d�h�c���o�b�f�b�b�����F�h�k�d�h�\�k�d�b�c���]�h�k�m�^�Z�j�k�l�\�_�g�g�u�c���m�g�b��
�\�_�j�k�b�l�_�l�� �b�f���� �F���<���� �E�h�f�h�g�h�k�h�\�Z���� �o�b�f�b�q�_�k�d�b�c�� �n�Z��
�d�m�e�v�l�_�l�����F�h�k�d�\�Z�����J�h�k�k�b�y�����J�R�U�E�R�Y�V�N�D�\�D�B�D�Y�#�P�D�L�O���U�X 

A.V. Gorbovskaia �± Researcher, Ph.D (chemistry), 
department of Analytical chemistry, Lomonosov 
Moscow State University, Chemistry Department, 
Moscow, Russia, gorbovskaya_av@mail.ru 

�H���:�����R�i�b�]�m�g���± �q�e�_�g-�d�h�j�j�����J�:�G�����^���o���g�������]���g���k�����d�Z��
�n�_�^�j�u�� �Z�g�Z�e�b�l�b�q�_�k�d�h�c�� �o�b�f�b�b���� �F�h�k�d�h�\�k�d�b�c�� �]�h�k�m��
�^�Z�j�k�l�\�_�g�g�u�c�� �m�g�b�\�_�j�k�b�l�_�l�� �b�f���� �F���<���� �E�h�f�h�g�h�k�h�\�Z����
�o�b�f�b�q�_�k�d�b�c�� �n�Z�d�m�e�v�l�_�l���� �F�h�k�d�\�Z���� �J�h�k�k�b�y����
shpiguno@yandex.ru 

O.A. Shpigun �± Chief Researcher, Dr. habil. (chem-
istry), department of Analytical chemistry, Lomono-
sov Moscow State University, Chemistry Department, 
Moscow, Russia, shpiguno@yandex.ru 

�:���K���� �M�`�_�e�v���± �d���o���g������ �k���g���k���� �d�Z�n�_�^�j�u�� �Z�g�Z�e�b�l�b�q�_��
�k�d�h�c�� �o�b�f�b�b���� �F�h�k�d�h�\�k�d�b�c�� �]�h�k�m�^�Z�j�k�l�\�_�g�g�u�c�� �m�g�b��
�\�_�j�k�b�l�_�l�� �b�f���� �F���<���� �E�h�f�h�g�h�k�h�\�Z���� �o�b�f�b�q�_�k�d�b�c�� �n�Z��
�d�m�e�v�l�_�l���� �F�h�k�d�\�Z���� �J�h�k�k�b�y����
anna_uzhel@analyt.chem.msu.ru 

A.S. Uzhel �± Senior Researcher, Ph.D (chemistry), 
department of Analytical chemistry, Lomonosov 
Moscow State University, Chemistry Department, 
Moscow, Russia, anna_uzhel@analyt.chem.msu.ru 

 
�K�l�Z�l�v�y���i�h�k�l�m�i�b�e�Z���\���j�_�^�Z�d�p�b�x��28.09.2025; �h�^�h�[�j�_�g�Z���i�h�k�e�_���j�_�p�_�g�a�b�j�h�\�Z�g�b�y��17.11.2025;  
�i�j�b�g�y�l�Z���d���i�m�[�e�b�d�Z�p�b�b��26.11.2025. 
The article was submitted 28.09.2025; approved after reviewing 17.11.2025; 
accepted for publication 26.11.2025. 



 

�K�h�j�[�p�b�h�g�g�u�_���b���o�j�h�f�Z�l�h�]�j�Z�n�b�q�_�k�d�b�_���i�j�h�p�_�k�k�u����������5�����L. 25�����‹ 5. �K. 739-749. 
Sorbtsionnye i khromatograficheskie protsessy. 2025. Vol. 25, No 5. pp. 739-749. 
 
ISSN 1680-0613_____________________________________________________________ 

 

 

© �L�b�f�b�q�_�\���:�� �:�������Q�b�q�d�Z�g�h�\�Z���?�� �K�������D�Z�i�e�b�g���:�� �<�������=�h�j�[�h�\�k�d�Z�y���:�� �<���� 
�I�b�j�h�]�h�\���:�� �<�������R�i�b�]�m�g���H�� �:�������M�`�_�e�v���:�� �K��, 2025 

739 

 
 

�H�J�B�=�B�G�:�E�V�G�U�? �K�L�:�L�V�B 
 
 
�G�Z�m�q�g�Z�y �k�l�Z�l�v�y 
�M�>�D 543.544 
doi: 10.17308/sorpchrom.2025.25/13425 
  
�:�g�b�h�g�h�h�[�f�_�g�g�b�d �g�Z �i�h�e�b�f�_�j�g�h�c �h�k�g�h�\�_ �k �Z�^�k�h�j�[�b�j�h�\�Z�g�g�u�f �k�e�h�_�f 
�h�d�k�b�^�Z �]�j�Z�n�_�g�Z�� �Z�g�Z�e�b�l�b�q�_�k�d�Z�y �b �l�_�j�f�h�^�b�g�Z�f�b�q�_�k�d�Z�y �o�Z�j�Z�d�l�_�j�b�a�Z�p�b�y 
 
�:�j�k�_�g�b�c �:�e�_�d�k�Z�g�^�j�h�\�b�q �L�b�f�b�q�_�\1, �?�d�Z�l�_�j�b�g�Z �K�_�j�]�_�_�\�g�Z �Q�b�q�d�Z�g�h�\�Z1, 
�:�e�_�d�k�Z�g�^�j �<�Z�e�_�j�v�_�\�b�q �D�Z�i�e�b�g1,2, �:�g�Z�k�l�Z�k�b�y �<�e�Z�^�b�f�b�j�h�\�g�Z �=�h�j�[�h�\�k�d�Z�y1, 
�:�g�^�j�_�c �<�e�Z�^�b�f�b�j�h�\�b�q �I�b�j�h�]�h�\1, �H�e�_�] �:�e�_�d�k�_�_�\�b�q �R�i�b�]�m�g1,  
�:�g�g�Z �K�l�Z�g�b�k�e�Z�\�h�\�g�Z �M�`�_�e�v1�.  

1�F�h�k�d�h�\�k�d�b�c �]�h�k�m�^�Z�j�k�l�\�_�g�g�u�c �m�g�b�\�_�j�k�b�l�_�l �b�f�_�g�b �F���<�� �E�h�f�h�g�h�k�h�\�Z�� �F�h�k�d�\�Z�� �J�h�k�k�b�y�� 
anna_uzhel@analyt.chem.msu.ru�.  

2�N�_�^�_�j�Z�e�v�g�u�c �b�k�k�e�_�^�h�\�Z�l�_�e�v�k�d�b�c �p�_�g�l�j �o�b�f�b�q�_�k�d�h�c �n�b�a�b�d�b �b�f�_�g�b �G���G�� �K�_�f�_�g�h�\�Z �J�h�k�k�b�c�k�d�h�c �Z�d�Z�^�_��
�f�b�b �g�Z�m�d�� �F�h�k�d�\�Z�� �J�h�k�k�b�y 
 
�:�g�g�h�l�Z�p�b�y�� �P�_�e�v�x �^�Z�g�g�h�c �j�Z�[�h�l�u �k�l�Z�e�h �i�h�e�m�q�_�g�b�_ �g�h�\�h�c �g�_�i�h�^�\�b�`�g�h�c �n�Z�a�u �^�e�y �b�h�g�g�h�c �o�j�h�f�Z�l�h�]�j�Z��
�n�b�b �k �Z�^�k�h�j�[�b�j�h�\�Z�g�g�u�f �h�d�k�b�^�h�f �]�j�Z�n�_�g�Z �b �b�a�m�q�_�g�b�_ �_�z �k�\�h�c�k�l�\�� �>�e�y �w�l�h�]�h �k�h�i�h�e�b�f�_�j �k�l�b�j�h�e�Z �b �^�b�\�b��
�g�b�e�[�_�g�a�h�e�Z �f�h�^�b�n�b�p�b�j�h�\�Z�e�b �i�m�l�_�f �Z�^�k�h�j�[�p�b�b �g�Z �_�]�h �i�h�\�_�j�o�g�h�k�l�b �k�e�h�y �h�d�k�b�^�Z �]�j�Z�n�_�g�Z �b �_�]�h �^�Z�e�v�g�_�c��
�r�_�]�h �\�h�k�k�l�Z�g�h�\�e�_�g�b�y�� �< �d�Z�q�_�k�l�\�_ �[�Z�a�h�\�h�]�h �k�e�h�y �\�u�k�l�m�i�Z�e �k�h�i�h�e�b�f�_�j �i�_�j�\�b�q�g�h�]�h �Z�f�b�g�Z �k �^�b�w�i�h�d�k�b�^�h�f�� 
�i�h�e�m�q�_�g�g�u�c in situ �b �w�e�_�d�l�j�h�k�l�Z�l�b�q�_�k�d�b �a�Z�d�j�_�i�e�_�g�g�u�c �g�Z �i�h�\�_�j�o�g�h�k�l�b �f�h�^�b�n�b�p�b�j�h�\�Z�g�g�h�c �f�Z�l�j�b�p�u�� 
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�I�m�l�_�f �i�h�k�l�j�h�_�g�b�y �[�b�e�h�]�Z�j�b�n�f�b�q�_�k�d�b�o �a�Z�\�b�k�b�f�h�k�l�_�c �n�Z�d�l�h�j�h�\ �m�^�_�j�`�b�\�Z�g�b�y �b�h�g�h�\ �h�l �d�h�g�p�_�g�l�j�Z�p�b�b 
�w�e�x�_�g�l�Z �b�k�k�e�_�^�h�\�Z�g �f�_�o�Z�g�b�a�f �m�^�_�j�`�b�\�Z�g�b�y �g�_�d�h�l�h�j�u�o �Z�g�Z�e�b�l�h�\�� �I�h�d�Z�a�Z�g�h�� �q�l�h �b�k�i�h�e�v�a�h�\�Z�g�g�u�c �\ �j�Z��
�[�h�l�_ �i�h�^�o�h�^ �d �k�b�g�l�_�a�m �Z�g�b�h�g�h�h�[�f�_�g�g�b�d�h�\ �i�j�b�\�h�^�b�l �d �j�_�Z�e�b�a�Z�p�b�b �i�j�_�b�f�m�s�_�k�l�\�_�g�g�h �b�h�g�h�h�[�f�_�g�g�h�]�h 
�f�_�o�Z�g�b�a�f�Z �m�^�_�j�`�b�\�Z�g�b�y �g�_ �l�h�e�v�d�h �i�h�e�y�j�b�a�m�_�f�u�o (Br-, NO3

-, ClO3
-), �g�h �b �k�b�e�v�g�h �i�h�e�y�j�b�a�m�_�f�u�o �Z�g�b�h�g�h�\ 

(I-, SCN-, ClO4
-). �>�e�y �b�k�k�e�_�^�m�_�f�u�o �Z�g�Z�e�b�l�h�\ �j�Z�k�k�q�b�l�Z�g�u �d�Z�`�m�s�b�_�k�y �d�h�g�k�l�Z�g�l�u �b�h�g�g�h�]�h �h�[�f�_�g�Z �b�e�b �b�k��

�i�j�Z�\�e�_�g�g�u�_ �d�h�w�n�n�b�p�b�_�g�l�u �j�Z�\�g�h�\�_�k�b�y�� �Z �l�Z�d�`�_ �i�h�d�Z�a�Z�g�Z �[�e�b�a�h�k�l�v �j�Z�k�k�q�b�l�Z�g�g�u�o �k �b�o �i�h�f�h�s�v�x �b�k��
�i�j�Z�\�e�_�g�g�u�o �\�j�_�f�_�g �m�^�_�j�`�b�\�Z�g�b�y �d �w�d�k�i�_�j�b�f�_�g�l�Z�e�v�g�u�f �^�Z�g�g�u�f�� 
�I�h�e�m�q�_�g�g�Z�y �g�_�i�h�^�\�b�`�g�Z�y �n�Z�a�Z �i�h�d�Z�a�Z�e�Z �a�g�Z�q�b�l�_�e�v�g�h�_ �k�g�b�`�_�g�b�_ �k�_�e�_�d�l�b�\�g�h�k�l�b �\ �i�Z�j�Z�o NO3

-/Cl- �b NO3
-

/Br- �b �j�h�k�l �w�n�n�_�d�l�b�\�g�h�k�l�b �i�b�d�h�\ �[�j�h�f�b�^�Z �b �g�b�l�j�Z�l�Z (N(NO3
-) = 42000 �L�L���f�� �h�l�g�h�k�b�l�_�e�v�g�h �h�i�b�k�Z�g�g�u�o 

�\ �e�b�l�_�j�Z�l�m�j�_ �o�b�f�b�q�_�k�d�b �f�h�^�b�n�b�p�b�j�h�\�Z�g�g�u�o �k�h�j�[�_�g�l�h�\ �k�h �k�o�h�`�_�c �k�l�j�m�d�l�m�j�h�c �b�h�g�h�h�[�f�_�g�g�h�]�h �k�e�h�y�� �W�l�h 
�]�h�\�h�j�b�l �h �i�_�j�k�i�_�d�l�b�\�g�h�k�l�b �k�h�q�_�l�Z�g�b�y �i�j�_�^�\�Z�j�b�l�_�e�v�g�h�c �Z�^�k�h�j�[�p�b�b �h�d�k�b�^�Z �]�j�Z�n�_�g�Z �b �w�e�_�d�l�j�h�k�l�Z�l�b�q�_��
�k�d�h�]�h �a�Z�d�j�_�i�e�_�g�b�y �b�h�g�h�h�[�f�_�g�g�h�]�h �k�e�h�y �g�Z �_�]�h �i�h�\�_�j�o�g�h�k�l�b �k �p�_�e�v�x �i�h�\�u�r�_�g�b�y �]�b�^�j�h�n�b�e�v�g�h�k�l�b �k�h�j��
�[�_�g�l�Z �b �k�l�_�i�_�g�b �w�d�j�Z�g�b�j�h�\�Z�g�b�y �i�h�e�b�f�_�j�g�h�c �f�Z�l�j�b�p�u�� �I�j�h�^�_�f�h�g�k�l�j�b�j�h�\�Z�g�Z �\�h�a�f�h�`�g�h�k�l�v �w�d�k�i�j�_�k�k�g�h�]�h 
�j�Z�a�^�_�e�_�g�b�y 7 �k�l�Z�g�^�Z�j�l�g�u�o �g�_�h�j�]�Z�g�b�q�_�k�d�b�o �Z�g�b�h�g�h�\ (F-, Cl-, NO2

-, Br-, NO3
-, SO4

2-, PO4
3-) �a�Z 7 �f�b�g �\ �j�_��

�`�b�f�_ �]�j�Z�^�b�_�g�l�g�h�]�h �w�e�x�b�j�h�\�Z�g�b�y �k �b�k�i�h�e�v�a�h�\�Z�g�b�_�f �]�b�^�j�h�d�k�b�^�g�h�]�h �w�e�x�_�g�l�Z�� �I�h�e�m�q�_�g�g�u�c �k�h�j�[�_�g�l 
�m�k�i�_�r�g�h �b�k�i�h�e�v�a�h�\�Z�g �^�e�y �Z�g�Z�e�b�a�Z �i�b�l�v�_�\�h�c �\�h�^�u �b �i�h�q�\�u�� �i�h�d�Z�a�Z�g�Z �\�u�k�h�d�Z�y �\�g�m�l�j�b- �b �f�_�`�k�m�l�h�q�g�Z�y 
�\�h�k�i�j�h�b�a�\�h�^�b�f�h�k�l�v�� �i�j�Z�\�b�e�v�g�h�k�l�v �i�h�^�l�\�_�j�`�^�_�g�Z �f�_�l�h�^�h�f �©�\�\�_�^�_�g�h-�g�Z�c�^�_�g�h�ª�� 
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Polymer-based anion exchanger with  adsorbed graphene oxide layer: 
analytical and thermodynamic characterization 
 
Arsenii A. Timichev1, Ekaterina S. Chichkanova1, Alexander V. Kaplin 1,2, 
Anastasiia V. Gorbovskaia1, Andrey V. Pirogov1,  
Oleg A. Shpigun1, Anna S. Uzhel1�.  
1Lomonosov Moscow State University, Moscow, Russian Federation, anna_uzhel@analyt.chem.msu.ru�.  

2N.N. Semenov Federal Research Center for Chemical Physics Russian Academy of Sciences, Moscow 
 
Abstract. The aim of this work was to obtain a novel stationary phase for ion chromatography with an adsorbed 
graphene oxide and to study its properties. For this purpose, a copolymer of styrene and divinylbenzene was 
modified by adsorbing a layer of graphene oxide onto its surface followed by its reduction. A copolymer of a 
primary amine with a diepoxide obtained in situ and electrostatically fixed on the surface of the modified 
substrate served as a basement layer. The positively charged ion-exchange centers were obtained by alkylating 
the tertiary amino groups of the basement layer with diepoxide and further aminating with a tertiary amine. 
The retention mechanism of some analytes was studied by constructing bilogarithmic dependences of ion re-
tention factors on the eluent concentration. It was shown that the approach used in the work to the synthesis of 
anion exchangers leads to the implementation of a predominantly ion-exchange mechanism of retention of not 
only polarizable (Br-, NO3

-, ClO3
-), but also strongly polarizable anions (I-, SCN-, ClO4

-). For the studied ana-
lytes, the apparent ion-exchange constants or corrected equilibrium coefficients were calculated, and the close-
ness of the retention times calculated with their help to the experimental data was shown. 
The obtained stationary phase showed a significant decrease in selectivity in NO3

-/Cl- and NO3
-/Br- pairs and 

an increase in the efficiency of the bromide and nitrate peaks (N(NO3
-) = 42000 TP/m) relative to the chemi-

cally modified resins described in the literature with a similar structure of the ion-exchange layer. This indicates 
the prospects of preliminary adsorption of graphene oxide followed by electrostatic attachment of an ion-ex-
change layer on its surface in order to increase the hydrophilicity of the stationary phase and the shielding 
degree of the polymer substrate. The possibility of rapid separation of 7 standard inorganic anions (F-, Cl-, NO2

-, 
Br-, NO3

-, SO4
2-, PO4

3-) in 7 min in the gradient elution mode using a hydroxide eluent was demonstrated. The 
obtained resin was successfully used for the analysis of drinking water and soil: high intra- and inter-day repro-
ducibility was demonstrated and the accuracy was confirmed by the spike recovery experiment. 
Ke words: ion chromatography, anion exchanger, polystyrene-divinylbenzene, graphene oxide, thermodynamics. 
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�<�\�_�^�_�g�b�_ 

�B�h�g�g�Z�y���o�j�h�f�Z�l�h�]�j�Z�n�b�y�����B�O�����\���g�Z�k�l�h�y��
�s�_�_���\�j�_�f�y���g�Z�o�h�^�b�l���r�b�j�h�d�h�_���i�j�b�f�_�g�_�g�b�_��
�\�� �i�b�s�_�\�h�c�� �i�j�h�f�u�r�e�_�g�g�h�k�l�b���� �n�Z�j�f�Z�p�_�\��
�l�b�d�_�����w�d�h�e�h�]�b�q�_�k�d�h�f���f�h�g�b�l�h�j�b�g�]�_���b���^�j�m��
�]�b�o���h�[�e�Z�k�l�y�o�����K�h�a�^�Z�g�b�_���\�u�k�h�d�h�w�n�n�_�d�l�b�\��
�g�u�o���b���k�_�e�_�d�l�b�\�g�u�o���b�h�g�h�h�[�f�_�g�g�u�o���f�Z�l�_��
�j�b�Z�e�h�\�� �y�\�e�y�_�l�k�y�� �h�^�g�h�c�� �b�a �d�e�x�q�_�\�u�o �a�Z��
�^�Z�q�� �k�l�h�y�s�b�o �i�_�j�_�^ �b�k�k�e�_�^�h�\�Z�l�_�e�y�f�b �\ 
�i�h�k�e�_�^�g�b�_ �]�h�^�u�� �H�k�g�h�\�g�u�f �l�b�i�h�f �f�Z�l��
�j�b�p �b�h�g�h�h�[�f�_�g�g�b�d�h�\���y�\�e�y�x�l�k�y �h�j�]�Z�g�b�q�_��
�k�d�b�_ �i�h�e�b�f�_�j�u�� �g�Z�i�j�b�f�_�j�� �k�h�i�h�e�b�f�_�j 
�k�l�b�j�h�e�Z �b �^�b�\�b�g�b�e�[�_�g�a�h�e�Z ���I�K-�>�<�;���� �H�g 

�h�l�e�b�q�Z�_�l�k�y �\�u�k�h�d�h�c���f�_�o�Z�g�b�q�_�k�d�h�c �b �]�b�^��
�j�h�e�b�l�b�q�_�k�d�h�c �k�l�Z�[�b�e�v�g�h�k�l�v�x �\�h �\�k�_�f 
�^�b�Z�i�Z�a�h�g�_ pH [1]. �H�^�g�Z�d�h �i�j�Z�d�l�b�q�_�k�d�h�_ 
�i�j�b�f�_�g�_�g�b�_ �l�Z�d�b�o �f�Z�l�_�j�b�Z�e�h�\ �b�f�_�_�l �j�y� ̂
�h�]�j�Z�g�b�q�_�g�b�c�� �k�\�y�a�Z�g�g�u�o �k �l�_�f�� �q�l�h �i�h��
�f�b�f�h �h�`�b�^�Z�_�f�u�o �b�h�g�h�h�[�f�_�g�g�u�o �i�j�h�p�_�k��
�k�h�\�� �g�Z �o�j�h�f�Z�l�h�]�j�Z�n�b�q�_�k�d�h�_ �i�h�\�_�^�_�g�b�_ 
�Z�g�b�h�g�h�\ �a�g�Z�q�b�l�_�e�v�g�h�_ �\�e�b�y�g�b�_ �h�d�Z�a�u��
�\�Z�x�l �]�b�^�j�h�n�h�[�g�u�_ �b �k�i�_�p�b�n�b�q�_�k�d�b�_ �\�a�Z��
�b�f�h�^�_�c�k�l�\�b�y ���Œ-�Œ �b �Z�g�b�h�g-�Œ �\�a�Z�b�f�h�^�_�c��
�k�l�\�b�y�� �k �Z�j�h�f�Z�l�b�q�_�k�d�h�c �f�Z�l�j�b�p�_�c �g�h�k�b��
�l�_�e�y�� �W�l�h �i�j�b�\�h�^�b�l �d �j�y�^�m �g�_�`�_�e�Z�l�_�e�v�g�u�o 
�y�\�e�_�g�b�c�� �\�d�e�x�q�Z�y �g�_�e�b�g�_�c�g�h�k�l�v �b�a�h��
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�l�_�j�f�u �k�h�j�[�p�b�b�� �Z�g�h�f�Z�e�v�g�h �\�u�k�h�d�h�_���m�^�_�j��
�`�b�\�Z�g�b�_ �b �m�o�m�^�r�_�g�b�_ �n�h�j�f�u �i�b�d�h�\ �i�h�e�y��
�j�b�a�m�_�f�u�o �Z�g�b�h�g�h�\�� �q�l�h �\ �d�h�g�_�q�g�h�f �b�l�h�]�_ 
�k�g�b�`�Z�_�l �w�n�n�_�d�l�b�\�g�h�k�l�v �o�j�h�f�Z�l�h�]�j�Z�n�b�q�_��
�k�d�h�]�h �j�Z�a�^�_�e�_�g�b�y [1-3]. �L�j�Z�^�b�p�b�h�g�g�u�f�b 
�f�_�l�h�^�Z�f�b �[�h�j�v�[�u �k �g�_�b�h�g�h�h�[�f�_�g�g�u�f�b 
�\�a�Z�b�f�h�^�_�c�k�l�\�b�y�f�b �y�\�e�y�_�l�k�y �i�j�h�k�l�j�Z�g��
�k�l�\�_�g�g�h�_ �m�^�Z�e�_�g�b�_ �b�h�g�h�h�[�f�_�g�g�u�o �p�_�g��
�l�j�h�\ �h�l �i�h�\�_�j�o�g�h�k�l�b �f�Z�l�j�b�p�u [4] �b �_�z 
�w�d�j�Z�g�b�j�h�\�Z�g�b�_ �a�Z �k�q�_�l �j�Z�a�\�_�l�\�e�_�g�g�h�]�h [5] 
�b �]�b�^�j�h�n�b�e�v�g�h�]�h [6] �n�m�g�d�p�b�h�g�Z�e�v�g�h�]�h 
�k�e�h�y�� 

�W�n�n�_�d�l�b�\�g�u�f �^�h�i�h�e�g�_�g�b�_�f �d �j�Z�g�_�_ 
�b�k�i�h�e�v�a�m�_�f�u�f �f�_�l�h�^�Z�f �w�d�j�Z�g�b�j�h�\�Z�g�b�y �b��
�]�b�^�j�h�n�b�e�b�a�Z�p�b�b���i�h�e�b�f�_�j�g�h�c �f�Z�l�j�b�p�u 
�y�\�e�y�_�l�k�y�� �a�Z�d�j�_�i�e�_�g�b�_���[�h�e�_�_ �]�b�^�j�h�n�b�e�v��
�g�u�o �q�Z�k�l�b�p �g�Z �_�z �i�h�\�_�j�o�g�h�k�l�b [7]. �H�^�g�b�f 
�b�o �l�Z�d�b�o �f�Z�l�_�j�b�Z�e�h�\ �\�u�k�l�m�i�Z�_�l���h�d�k�b�^ 
�]�j�Z�n�_�g�Z (�H�=), �\ �i�h�k�e�_�^�g�b�_ �]�h�^�u �Z�d�l�b�\�g�h 
�b�k�i�h�e�v�a�m�_�f�u�c���\ �d�Z�q�_�k�l�\�_ �k�h�j�[�p�b�h�g�g�h�]�h 
�f�Z�l�_�j�b�Z�e�Z [8]. �J�Z�g�_�_ �H�= �m�`�_ �b�k�i�h�e�v�a�h��
�\�Z�e�k�y �i�j�b���k�b�g�l�_�a�_ �g�_�i�h�^�\�b�`�g�u�o �n�Z�a �d�Z�d 
�^�e�y �]�Z�a�h�\�h�c�� �l�Z�d �b �^�e�y �`�b�^�d�h�k�l�g�h�c �o�j�h�f�Z��
�l�h�]�j�Z�n�b�b [9]. �< �j�Z�[�h�l�_ [10] �i�h�d�Z�a�Z�g�Z �\�h�a��
�f�h�`�g�h�k�l�v �b�k�i�h�e�v�a�h�\�Z�g�b�y �H�= �^�e�y �i�h�e�m�q�_��
�g�b�y �Z�g�b�h�g�h�h�[�f�_�g�g�b�d�h�\. �L�Z�d�� �Z�\�l�h�j�u �Z�^��
�k�h�j�[�b�j�h�\�Z�e�b �q�Z�k�l�b�p�u �H�= �g�Z �i�h�\�_�j�o�g�h�k�l�b 
�I�K-�>�<�;�� �a�Z�l�_�f �\�h�k�k�l�Z�g�Z�\�e�b�\�Z�e�b���b�o �j�_�Z�d��
�p�b�_�c �k �]�b�^�j�Z�a�b�g �]�b�^�j�Z�l�h�f �^�e�y �m�\�_�e�b�q�_�g�b�y 
�k�l�Z�[�b�e�v�g�h�k�l�b �Z�^�k�h�j�[�p�b�b. �< �d�Z�q�_�k�l�\�_ �[�Z��
�a�h�\�h�]�h �n�m�g�d�p�b�h�g�Z�e�v�g�h�]�h �k�e�h�y �[�u�e �\�u��
�[�j�Z�g �e�b�g�_�c�g�u�c �i�h�e�b�w�l�b�e�_�g�b�f�b�g�� �g�Z �h�k��
�g�h�\�_ �d�h�l�h�j�h�]�h �[�u�e �i�h�e�m�q�_�g �]�b�i�_�j�j�Z�a�\�_�l�\��
�e�_�g�g�u�c �n�m�g�d�p�b�h�g�Z�e�v�g�u�c �k�e�h�c �i�m�l�_�f���i�h��
�k�e�_�^�h�\�Z�l�_�e�v�g�h�]�h�� �q�_�j�_�^�h�\�Z�g�b�y�� �k�l�Z�^�b�c�� �h�[��
�j�Z�[�h�l�d�b���f�_�l�b�e�Z�f�b�g�h�f�����F�:�� �b 1,4-�[�m�l�Z�g��
�^�b�h�e�^�b�]�e�b�p�b�^�b�e�h�\�u�f�� �w�n�b�j�h�f�� (1,4-
�;�>�>�=�W���� �I�h�e�m�q�_�g�g�u�_ �g�_�i�h�^�\�b�`�g�u�_ �n�Z�a�u��
�i�j�h�^�_�f�h�g�k�l�j�b�j�h�\�Z�e�b �g�_�\�u�k�h�d�m�x �w�n�n�_�d��
�l�b�\�g�h�k�l�v (N(Cl-) = 15000 �L�L���f���� �h�^�g�Z�d�h 
�k�l�h�b�l �h�l�f�_�l�b�l�v �\�u�k�h�d�m�x���k�b�f�f�_�l�j�b�x �i�b��
�d�h�\ �i�h�e�y�j�b�a�m�_�f�u�o �[�j�h�f�b�^�Z �b �g�b�l�j�Z�l�Z�� �Z 
�l�Z�d�`�_ �b�o �\�u�k�h�d�m�x �w�n�n�_�d�l�b�\�g�h�k�l�v �h�l�g�h��
�k�b�l�_�e�v�g�h �o�e�h�j�b�^�Z�����>�Z�g�g�u�c���n�Z�d�l�����i�j�_�^�i�h��
�e�h�`�b�l�_�e�v�g�h�����k�\�b�^�_�l�_�e�v�k�l�\�m�_�l �h���i�_�j�k�i�_�d��
�l�b�\�g�h�k�l�b �Z�^�k�h�j�[�p�b�b���h�d�k�b�^�Z �]�j�Z�n�_�g�Z �k��
�^�Z�e�v�g�_�c�r�b�f���w�e�_�d�l�j�h�k�l�Z�l�b�q�_�k�d�b�f���a�Z�d�j�_�i��
�e�_�g�b�_�f���e�b�g�_�c�g�h�]�h���i�h�e�b�f�_�j�Z���^�e�y���i�h�\�u�r�_��
�g�b�y���k�l�_�i�_�g�b �w�d�j�Z�g�b�j�h�\�Z�g�b�y �]�b�^�j�h�n�h�[�g�h�c 

�f�Z�l�j�b�p�u. �I�h�k�d�h�e�v�d�m�� �b�k�i�h�e�v�a�h�\�Z�g�b�_ �e�b��
�g�_�c�g�h�]�h �i�h�e�b�w�l�b�e�_�g�b�f�b�g�Z �\ �d�Z�q�_�k�l�\�_ �[�Z��
�a�h�\�h�]�h �k�e�h�y �a�g�Z�q�b�l�_�e�v�g�h �m�^�h�j�h�`�Z�_�l �i�h�e�m��
�q�_�g�b�_ �k�h�j�[�_�g�l�Z�����\���d�Z�q�_�k�l�\�_ �Z�e�v�l�_�j�g�Z�l�b�\�u 
�f�h�`�g�h�� �b�k�i�h�e�v�a�h�\�Z�l�v���k�h�i�h�e�b�f�_�j �F�:  �b 
1,4-�;�>�>�=�W�����i�h�e�m�q�_�g�g�u�c��in situ [5]. 

�H�k�h�[�m�x �Z�d�l�m�Z�e�v�g�h�k�l�v �i�j�b�h�[�j�_�l�Z�x�l 
�n�m�g�^�Z�f�_�g�l�Z�e�v�g�u�_ �b�k�k�e�_�^�h�\�Z�g�b�y �f�_�o�Z��
�g�b�a�f�h�\ �k�h�j�[�p�b�b �b�h�g�h�\ �g�Z �g�h�\�u�o �l�b�i�Z�o 
�g�_�i�h�^�\�b�`�g�u�o �n�Z�a�� �i�h�a�\�h�e�y�x�s�b�_ �k�h�\�_�j��
�r�_�g�k�l�\�h�\�Z�l�v �f�_�l�h�^�u �f�h�^�b�n�b�p�b�j�h�\�Z�g�b�y 
�k�h�j�[�p�b�h�g�g�u�o �f�Z�l�_�j�b�Z�e�h�\ [11-13]. �L�_�h�j�_��
�l�b�q�_�k�d�h�_ �h�i�b�k�Z�g�b�_ �b�h�g�h�h�[�f�_�g�g�u�o �i�j�h��
�p�_�k�k�h�\ �f�h�`�_�l �[�Z�a�b�j�h�\�Z�l�v�k�y �g�Z �j�Z�a�e�b�q�g�u�o 
�f�h�^�_�e�y�o�� �f�_�f�[�j�Z�g�g�h�f �j�Z�\�g�h�\�_�k�b�b�� �h�k�f�h��
�l�b�q�_�k�d�b�o �y�\�e�_�g�b�y�o �b�e�b �i�j�_�^�k�l�Z�\�e�_�g�b�b �h 
�]�_�l�_�j�h�]�_�g�g�h�c �o�b�f�b�q�_�k�d�h�c �j�_�Z�d�p�b�b �h�[��
�f�_�g�Z�� �D�e�x�q�_�\�u�f �i�Z�j�Z�f�_�l�j�h�f�� �o�Z�j�Z�d�l�_�j�b��
�a�m�x�s�b�f �b�h�g�h�h�[�f�_�g�g�u�_ �k�\�h�c�k�l�\�Z �f�Z�l�_�j�b��
�Z�e�Z�� �y�\�e�y�_�l�k�y �d�h�g�k�l�Z�g�l�Z �b�h�g�g�h�]�h �h�[�f�_�g�Z�� 
�H�^�g�Z�d�h �i�j�b �_�_���j�Z�k�q�_�l�_ �\�h�a�g�b�d�Z�x�l �i�j�h��
�[�e�_�f�u �k���h�i�j�_�^�_�e�_�g�b�_�f���d�h�w�n�n�b�p�b�_�g�l�h�\ 
�Z�d�l�b�\�g�h�k�l�b �d�h�f�i�h�g�_�g�l�h�\�� �h�[�f�_�g�b�\�Z�x��
�s�b�o�k�y �\ �b�h�g�b�l�_�� �h�[�m�k�e�h�\�e�_�g�g�u�_ �k�e�h�`�g�h��
�k�l�v�x �w�e�_�f�_�g�l�Z�j�g�u�o �y�\�e�_�g�b�c�� �i�j�h�l�_�d�Z�x��
�s�b�o �\�g�m�l�j�b �a�_�j�g�Z �b�h�g�b�l�Z �g�Z �f�h�e�_�d�m�e�y�j��
�g�h�f �m�j�h�\�g�_�� �b �g�_�^�h�k�l�Z�l�h�q�g�h�k�l�v�x �b�g�n�h�j��
�f�Z�p�b�b �h �g�b�o�� �Q�Z�s�_���\���o�j�h�f�Z�l�h�]�j�Z�n�b�q�_�k�d�b�o��
�j�Z�[�h�l�Z�o���h�i�m�k�d�Z�x�l���j�Z�k�q�_�l���d�h�w�n�n�b�p�b�_�g�l�h�\ 
�Z�d�l�b�\�g�h�k�l�b �Z�g�b�h�g�h�\���\ �g�_�i�h�^�\�b�`�g�h�c���n�Z�a�_��
�b���b�k�i�h�e�v�a�m�x�l���d�Z�`�m�s�b�_�k�y���d�h�g�k�l�Z�g�l�u���b�h�g��
�g�h�]�h �h�[�f�_�g�Z �b�e�b���� �b�g�Z�q�_�����b�k�i�j�Z�\�e�_�g�g�u�_��
�d�h�w�n�n�b�p�b�_�g�l�u���j�Z�\�g�h�\�_�k�b�y [14]�����B�o���h�i�j�_��
�^�_�e�_�g�b�_ �i�h�a�\�h�e�y�_�l �d�h�e�b�q�_�k�l�\�_�g�g�h �h�p�_��
�g�b�l�v �k�j�h�^�k�l�\�h �k�h�j�[�_�g�l�Z �d �j�Z�a�e�b�q�g�u�f �l�b��
�i�Z�f �b�h�g�h�\�� �i�j�h�]�g�h�a�b�j�h�\�Z�l�v �i�h�\�_�^�_�g�b�_ 
�Z�g�Z�e�b�l�h�\���\ �o�j�h�f�Z�l�h�]�j�Z�n�b�q�_�k�d�h�c �k�b�k�l�_�f�_�� 
�h�i�l�b�f�b�a�b�j�h�\�Z�l�v �m�k�e�h�\�b�y �Z�g�Z�e�b�a�Z�� �k�h�d�j�Z��
�s�Z�y �\�j�_�f�y �j�Z�a�j�Z�[�h�l�d�b �f�_�l�h�^�b�d�� 

�L�Z�d�b�f �h�[�j�Z�a�h�f�� �p�_�e�v�x �j�Z�[�h�l�u �y�\�e�y��
�_�l�k�y �i�h�e�m�q�_�g�b�_ �k�h�j�[�_�g�l�Z �g�Z �h�k�g�h�\�_ �I�K-
�>�<�; �k �Z�^�k�h�j�[�b�j�h�\�Z�g�g�u�f �k�e�h�_�f �H�=, �m�k�l�Z��
�g�h�\�e�_�g�b�_���f�_�o�Z�g�b�a�f�Z���m�^�_�j�`�b�\�Z�g�b�y �i�h�e�y��
�j�b�a�m�_�f�u�o�� �Z�g�b�h�g�h�\�� �b�� �j�Z�k�q�_�l���b�k�i�j�Z�\�e�_�g��
�g�u�o���d�h�w�n�n�b�p�b�_�g�l�h�\���j�Z�\�g�h�\�_�k�b�y�����Z���l�Z�d�`�_��
�b�a�m�q�_�g�b�_�� �_�]�h���o�j�h�f�Z�l�h�]�j�Z�n�b�q�_�k�d�b�o 
�k�\�h�c�k�l�\ �b���\�h�a�f�h�`�g�h�k�l�b �i�j�b�f�_�g�_�g�b�y �^�e�y��
�j�_�r�_�g�b�y���Z�g�Z�e�b�l�b�q�_�k�d�b�o���a�Z�^�Z�q. 
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�W�d�k�i�_�j�b�f�_�g�l�Z�e�v�g�Z�y���q�Z�k�l�v 

�I�j�b�[�h�j�u �b �f�Z�l�_�j�b�Z�e�u�� �< �d�Z�q�_�k�l�\�_ �f�Z�l��
�j�b�p�u �^�e�y �k�b�g�l�_�a�Z �k�h�j�[�_�g�l�h�\ �b�k�i�h�e�v�a�h��
�\�Z�e�b �I�K-�>�<�;�� �b�^�_�g�l�b�q�g�u�c �b�k�i�h�e�v�a�h�\�Z�g��
�g�h�f�m �\ �j�Z�[�h�l�Z�o [15, 16]: �k�l�_�i�_�g�v �k�r�b�\�d�b 
50%, �k�j�_�^�g�b�c �^�b�Z�f�_�l�j �a�_�j�_�g 5.5±0.5 �f�d�f�� 
�i�e�h�s�Z�^�v �i�h�\�_�j�o�g�h�k�l�b 650 �f2���]�� �k�j�_�^�g�b�c 
�h�[�t�z�f �i�h�j 0.6 �k�f2���] �b �k�j�_�^�g�b�c �^�b�Z�f�_�l�j 
�i�h�j 4 �g�f�� 

�>�e�y�� �k�b�g�l�_�a�Z�� �k�h�j�[�_�g�l�Z���� �i�j�b�]�h�l�h�\�e�_�g�b�y��
�i�h�^�\�b�`�g�u�o���n�Z�a���b���j�Z�k�l�\�h�j�h�\���Z�g�Z�e�b�l�h�\���b�k��
�i�h�e�v�a�h�\�Z�e�b���^�_�b�h�g�b�a�h�\�Z�g�g�m�x �\�h�^�m �b �j�_�Z�d��
�l�b�\�u �d�\�Z�e�b�n�b�d�Z�p�b�b �o���q�� �b�e�b �q���^���Z�� �d�h�f�i�Z��
�g�b�c �©�D�h�f�i�h�g�_�g�l-�J�_�Z�d�l�b�\�ª�� �©�J�_�Z�o�b�f�ª�� 
�©�O�b�f�f�_�^�ª, �©�E�Z�[�l�_�o�ª���� �©�K�b�]�f�Z�� �L�_�d�ª����
�©�J�m�k�o�b�f�ª���b «ALDOSA» ���J�h�k�k�b�y���� 
«Panreac» ���B�k�i�Z�g�b�y���� «Merk» ���=�_�j�f�Z�g�b�y���� 
«Aldrich» ���K�R�:���� TCI ���Y�i�h�g�b�y���� �>�e�y���k�b�g��
�l�_�a�Z���H�=���[�u�e���b�k�i�h�e�v�a�h�\�Z�g���k�j�_�^�g�_�q�_�r�m�c�q�Z��
�l�u�c���]�j�Z�n�b�l�����l�h�e�s�b�g�Z 200 - 300 �f�d�f) (�A�Z��
�\�Z�e�v�_�\�k�d�h�_ �f�_�k�l�h�j�h�`�^�_�g�b�_). 

�W�d�k�i�_�j�b�f�_�g�l�u �i�j�h�\�h�^�b�e�b �g�Z �`�b�^�d�h�k�l��
�g�h�f �o�j�h�f�Z�l�h�]�j�Z�n�_ Dionex �,�K�6-3000 
(ThermoFisher Scientific, �K�R�:���� �m�d�h�f��
�i�e�_�d�l�h�\�Z�g�g�h�f �]�j�Z�^�b�_�g�l�g�u�f �g�Z�k�h�k�h�f�� 
�d�h�g�^�m�d�l�h�f�_�l�j�b�q�_�k�d�b�f �^�_�l�_�d�l�h�j�h�f�� �]�_�g�_��
�j�Z�l�h�j�h�f �w�e�x�_�g�l�Z �b �w�e�_�d�l�j�h�f�_�f�[�j�Z�g�g�u�f 
�i�h�^�Z�\�b�l�_�e�_�f �n�h�g�h�\�h�]�h �k�b�]�g�Z�e�Z�� �g�Z �`�b�^��
�d�h�k�l�g�h�f �o�j�h�f�Z�l�h�]�j�Z�n�_ 850 Professional IC 
(Metrohm, �R�\�_�c�p�Z�j�b�y�� �k �b�a�h�d�j�Z�l�b�q�_�k�d�b�f 
�g�Z�k�h�k�h�f�� �d�h�g�^�m�d�l�h�f�_�l�j�b�q�_�k�d�b�f �^�_�l�_�d�l�h��
�j�h�f �b �k�b�k�l�_�f�h�c �o�b�f�b�q�_�k�d�h�]�h �i�h�^�Z�\�e�_�g�b�y 
�n�h�g�h�\�h�]�h �k�b�]�g�Z�e�Z�� �K�[�h�j �b �h�[�j�Z�[�h�l�d�m �o�j�h��
�f�Z�l�h�]�j�Z�n�b�q�_�k�d�b�o �^�Z�g�g�u�o �i�j�h�\�h�^�b�e�b �k 
�b�k�i�h�e�v�a�h�\�Z�g�b�_�f �i�j�h�]�j�Z�f�f�g�h�]�h �h�[�_�k�i�_�q�_��
�g�b�y «Chromeleon 6.8» (ThermoFisher 
Scientific, �K�R�:���� «MagIC Net 3.0» 
(Metrohm, �R�\�_�c�p�Z�j�b�y���� �L�_�k�l�b�j�h�\�Z�g�b�_ �d�h��
�e�h�g�h�d �i�j�h�\�h�^�b�e�b �i�j�b �k�d�h�j�h�k�l�b�� �i�h�l�h�d�Z 
�����k�f3���f�b�g�����l�_�f�i�_�j�Z�l�m�j�_ �����ƒ�K�����H�[�t�_�f���i�_�l�e�b��
�\�h���\�k�_�o���w�d�k�i�_�j�b�f�_�g�l�Z�o���k�h�k�l�Z�\�e�y�e���������f�d�e�� 

�< �j�Z�[�h�l�_ �b�k�i�h�e�v�a�h�\�Z�e�b �k�l�Z�e�v�g�u�_ �d�h��
�e�h�g�d�b �j�Z�a�f�_�j�h�f 50 �u 4 �f�f�� �>�e�y �i�h�e�m�q�_�g�b�y 
�k�m�k�i�_�g�a�b�b �k�h�j�[�_�g�l�Z �b�k�i�h�e�v�a�h�\�Z�e�b �^�_��
�b�h�g�b�a�h�\�Z�g�g�m�x �\�h�^�m (20 �k�f3 �g�Z 0.5 �] �k�h�j��
�[�_�g�l�Z���� �Z �^�e�y �m�i�Z�d�h�\�d�b �d�h�e�h�g�h�d �± 15 �f�F  
�j�Z�k�l�\�h�j Na2CO3. �<�\�_�^�_�g�b�_ �k�m�k�i�_�g�a�b�b �\ 
�o�j�h�f�Z�l�h�]�j�Z�n�b�q�_�k�d�m�x �d�h�e�h�g�d�m�� �m�i�Z�d�h�\�d�m 

�b �m�i�e�h�l�g�_�g�b�_ �q�Z�k�l�b�p �k�h�j�[�_�g�l�Z �h�k�m�s�_�k�l�\��
�e�y�e�b �i�j�b �^�Z�\�e�_�g�b�b 400 �[�Z�j �i�j�b �i�h�f�h�s�b 
�g�Z�k�h�k�Z «Knauer K-1900» («Knauer», �=�_�j��
�f�Z�g�b�y���� 

�K�b�g�l�_�a �h�d�k�b�^�Z �]�j�Z�n�_�g�Z�� �H�d�k�b�^���]�j�Z�n�_�g�Z��
�[�u�e���i�h�e�m�q�_�g���i�h���f�h�^�b�n�b�p�b�j�h�\�Z�g�g�h�f�m���f�_��
�l�h�^�m���O�Z�f�f�_�j�k�Z�����h�i�b�k�Z�g�g�h�f�m���\���>��7]. 

�K�b�g�l�_�a �k�h�j�[�_�g�l�Z��G-BTMA. �:�^�k�h�j�[��
�p�b�x �b �\�h�k�k�l�Z�g�h�\�e�_�g�b�_ �h�d�k�b�^�Z �]�j�Z�n�_�g�Z 
�i�j�h�\�h�^�b�e�b �Z�g�Z�e�h�]�b�q�g�h [10], �g�h �\ �h�i�l�b�f�b��
�a�b�j�h�\�Z�g�g�u�o �m�k�e�h�\�b�y�o �k�b�g�l�_�a�Z�� �h�i�b�k�Z�g��
�g�u�o �g�b�`�_�� �>�e�y �i�h�e�m�q�_�g�b�y �k�e�h�y �h�d�k�b�^�Z 
�]�j�Z�n�_�g�Z �g�Z �i�h�\�_�j�o�g�h�k�l�b �I�K-�>�<�; 0.5 �] 
�f�Z�l�j�b�p�u �k�m�k�i�_�g�^�b�j�h�\�Z�e�b �\ 10 �k�f3 �l�_�l�j�Z��
�]�b�^�j�h�n�m�j�Z�g�Z�� �D �i�h�e�m�q�_�g�g�h�c �k�f�_�k�b �^�h�[�Z��
�\�b�e�b 10 �f�e �\�h�^�g�h�c �k�m�k�i�_�g�a�b�b �H�= (0.175 
�f�]���k�f3)���� �q�l�h�� �k�h�h�l�\�_�l�k�l�\�m�_�l�� �a�Z�]�j�m�a�d�_�� �H�=��
�������� �f�]���]�� �f�Z�l�j�b�p�u. �K�m�k�i�_�g�a�b�x �i�_�j�_�f�_��
�r�Z�e�b �\ �l�_�q�_�g�b�b 1 �q�� �Z �a�Z�l�_�f �m�i�Z�j�b�e�b �g�Z 
�j�h�l�h�j�g�h�f �b�k�i�Z�j�b�l�_�e�_ �i�j�b �����ž�K�� �>�e�y �m�e�m�q��
�r�_�g�b�y �a�Z�d�j�_�i�e�_�g�b�y �h�d�k�b�^�Z �]�j�Z�n�_�g�Z �g�Z �i�h��
�\�_�j�o�g�h�k�l�b �i�j�h�\�_�e�b �^�h�i�h�e�g�b�l�_�e�v�g�m�x �k�l�Z��
�^�b�x �_�]�h �\�h�k�k�l�Z�g�h�\�e�_�g�b�y�� �I�h�e�m�q�_�g�g�u�_��
�k�\�_�l�e�h-�k�_�j�u�_ �q�Z�k�l�b�p�u �k�m�k�i�_�g�^�b�j�h�\�Z�e�b �\ 
20 �k�f3 �k�f�_�k�b �w�l�Z�g�h�e���\�h�^�Z 1:1, �a�Z�l�_�f �^�h�[�Z��
�\�b�e�b 27 �f�d�e �]�b�^�j�Z�a�b�g �]�b�^�j�Z�l�Z �b 2.04 �k�f3 
�d�h�g�p�_�g�l�j�b�j�h�\�Z�g�g�h�]�h �\�h�^�g�h�]�h �j�Z�k�l�\�h�j�Z 
�Z�f�f�b�Z�d�Z�� �<�h�k�k�l�Z�g�h�\�e�_�g�b�_ �i�j�h�\�h�^�b�e�b �i�j�b 
80ºC �\ �l�_�q�_�g�b�b 3 �q�� �I�h�e�m�q�_�g�g�u�_ �l�_�f�g�h-
�k�_�j�u�_ �q�Z�k�l�b�p�u �h�l�n�b�e�v�l�j�h�\�Z�e�b �b �i�j�h�f�u�e�b 
�i�h�k�e�_�^�h�\�Z�l�_�e�v�g�h �^�b�k�l�b�e�e�b�j�h�\�Z�g�g�h�c �\�h��
�^�h�c �b �w�l�Z�g�h�e�h�f�� 

�>�e�y �k�h�a�^�Z�g�b�y �b�h�g�h�h�[�f�_�g�g�h�]�h �k�e�h�y �k�g�Z��
�q�Z�e�Z �g�Z���i�h�\�_�j�o�g�h�k�l�b���i�h�e�m�q�_�g�g�u�o���q�Z�k�l�b�p��
�k�n�h�j�f�b�j�h�\�Z�e�b���[�Z�a�h�\�u�c���k�e�h�c���i�m�l�_�f���j�_�Z�d��
�p�b�b���F�:  �b 1,4-�;�>�>�=�W [5,18]. �>�e�y �w�l�h�]�h 
0.5 �] �q�Z�k�l�b�p�����i�h�e�m�q�_�g�g�u�o���g�Z���i�j�_�^�u�^�m�s�_�c��
�k�l�Z�^�b�b�����k�m�k�i�_�g�^�b�j�h�\�Z�e�b �\ 20 �k�f3 �k�f�_�k�b 
�w�l�Z�g�h�e���\�h�^�Z 1:1, �^�h�[�Z�\�b�e�b 212 �f�d�e 95% 
1,4-�;�>�>�=�W�� 109 �f�d�e 38% �j�Z�k�l�\�h�j�Z MA �b 
12.3 �f�] NaNO3. �W�l�m �b �i�h�k�e�_�^�m�x�s�b�_ �j�_�Z�d��
�p�b�b �i�j�h�\�h�^�b�e�b �i�j�b 60ºC �\ �l�_�q�_�g�b�b 3 �q�� 
�I�h�e�m�q�_�g�g�u�_ �q�Z�k�l�b�p�u �h�l�n�b�e�v�l�j�h�\�Z�e�b �b 
�i�j�h�f�u�e�b �^�b�k�l�b�e�e�b�j�h�\�Z�g�g�h�c �\�h�^�h�c�� �a�Z�l�_�f 
�\�g�h�\�v �k�m�k�i�_�g�a�b�j�h�\�Z�e�b �\ 20 �k�f3 �\�h�^�u�� �^�h��
�[�Z�\�b�e�b 212 �f�d�e 1,4-�;�>�>�=�W �b 12.3 �f�] 
NaNO3 �^�e�y �d�\�Z�l�_�j�g�b�a�Z�p�b�b���Z�f�b�g�h�]�j�m�i�i �\ 
�[�Z�a�h�\�h�f �k�e�h�_�� �I�h�e�m�q�_�g�g�u�_ �i�h�k�e�_ �n�b�e�v��
�l�j�Z�p�b�b �b �i�j�h�f�u�\�d�b �^�b�k�l�b�e�e�b�j�h�\�Z�g�g�h�c 
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�\�h�^�h�c �q�Z�k�l�b�p�u �k�m�k�i�_�g�^�b�j�h�\�Z�e�b �\ 20 �k�f3 
�\�h�^�u �b �i�j�h�\�_�e�b �j�_�Z�d�p�b�x �k 176 �f�d�e 45% 
�j�Z�k�l�\�h�j�Z �L�F�: �b 12.3 �f�] NaNO3 �^�e�y �k�h�a�^�Z��
�g�b�y �^�h�i�h�e�g�b�l�_�e�v�g�u�o���i�h�e�h�`�b�l�_�e�v�g�h���a�Z�j�y��
�`�_�g�g�u�o���b�h�g�h�h�[�f�_�g�g�u�o���p�_�g�l�j�h�\�����I�j�_�^�i�h��
�e�Z�]�Z�_�f�Z�y�� �k�l�j�m�d�l�m�j�Z�� �i�h�e�m�q�_�g�g�h�c�� �g�_�i�h��
�^�\�b�`�g�h�c���n�Z�a�u���i�j�_�^�k�l�Z�\�e�_�g�Z���g�Z���j�b�k�������� 

�I�j�h�[�h�i�h�^�]�h�l�h�\�d�Z�� �i�h�q�\�u�� �>�e�y�� �i�j�b�]�h��
�l�h�\�e�_�g�b�y�� �\�h�^�g�h�c�� �\�u�l�y�`�d�b�� �d�� ���� �]�� �h�[�j�Z�a�p�Z��
�i�h�q�\�u�� �[�u�e�h�� �^�h�[�Z�\�e�_�g�h�� ������ �k�f3 �^�_�b�h�g�b�a�h��
�\�Z�g�g�h�c���\�h�^�u�����I�h�e�m�q�_�g�g�m�x���k�f�_�k�v���i�_�j�_�f�_��
�r�b�\�Z�e�b�� �g�Z�� �r�_�c�d�_�j�_�� �\�� �l�_�q�_�g�b�b�� ������ �f�b�g���� �Z��
�a�Z�l�_�f�� �h�l�n�b�e�v�l�j�h�\�Z�e�b�� �q�_�j�_�a�� �n�b�e�v�l�j�� �©�k�b��
�g�y�y�� �e�_�g�l�Z�ª���� �>�e�y�� �a�Z�s�b�l�u�� �i�j�b�[�h�j�Z�� �h�l�� �a�Z��
�]�j�y�a�g�_�g�b�c�� �q�Z�k�l�b�q�d�Z�f�b���i�h�q�\�u�� �i�j�h�[�m�� �\�h�^��
�g�h�c�� �\�u�l�y�`�d�b�� �\�\�h�^�b�e�b�� �q�_�j�_�a�� �r�i�j�b�p�_�\�h�c��
�n�b�e�v�l�j���k���j�Z�a�f�_�j�h�f���i�h�j�������������f�d�f�� 

�H�[�k�m�`�^�_�g�b�_���j�_�a�m�e�v�l�Z�l�h�\ 

�<�� �^�Z�g�g�h�c�� �j�Z�[�h�l�_�� �i�h�e�m�q�_�g�Z�� �g�_�i�h�^�\�b�`��
�g�Z�y���n�Z�a�Z��G-BTMA �g�Z���h�k�g�h�\�_���i�h�e�b�f�_�j�g�h�c��
�f�Z�l�j�b�p�u���k���Z�^�k�h�j�[�b�j�h�\�Z�g�g�u�f���k�e�h�_�f���H�=���b��
�b�h�g�h�h�[�f�_�g�g�u�f�� �n�m�g�d�p�b�h�g�Z�e�v�g�u�f�� �k�e�h�_�f��
�g�Z�� �_�]�h�� �i�h�\�_�j�o�g�h�k�l�b���� �<�f�_�k�l�h�� �w�e�_�d�l�j�h�k�l�Z��
�l�b�q�_�k�d�h�]�h�� �a�Z�d�j�_�i�e�_�g�b�y�� �e�b�g�_�c�g�h�]�h�� �i�h�e�b��
�w�l�b�e�_�g�b�f�b�g�Z���g�Z���i�h�\�_�j�o�g�h�k�l�b���H�=���k���i�h�k�e�_��
�^�m�x�s�b�f�� �n�h�j�f�b�j�h�\�Z�g�b�_�f�� �]�b�i�_�j�j�Z�a�\�_�l�\��
�e�_�g�g�h�]�h�� �n�m�g�d�p�b�h�g�Z�e�v�g�h�]�h�� �k�e�h�y�� �>�����@�� �g�Z��
�i�h�\�_�j�o�g�h�k�l�b�� �f�h�^�b�n�b�p�b�j�h�\�Z�g�g�u�o�� �q�Z�k�l�b�p��
�n�h�j�f�b�j�h�\�Z�e�b�� �k�h�i�h�e�b�f�_�j�� �F�:�� �b�� ������-
�;�>�>�=�W�� �k�� �i�h�k�e�_�^�m�x�s�_�c�� �i�j�b�\�b�\�d�h�c�� �_�^�b��
�g�b�q�g�u�o�� �b�h�g�h�h�[�f�_�g�g�u�o�� �p�_�g�l�j�h�\�� ���j�b�k���� ��������
�K�h�a�^�Z�g�b�_�� �i�j�h�k�l�h�]�h�� �n�m�g�d�p�b�h�g�Z�e�v�g�h�]�h��
�k�e�h�y���i�h�a�\�h�e�b�l���i�j�h�\�_�j�b�l�v���i�j�_�^�i�h�e�h�`�_�g�b�_��
�h�� �i�_�j�k�i�_�d�l�b�\�g�h�k�l�b�� �k�h�q�_�l�Z�g�b�y�� �Z�^�k�h�j�[�p�b�b��
�h�d�k�b�^�Z���]�j�Z�n�_�g�Z���b���w�e�_�d�l�j�h�k�l�Z�l�b�q�_�k�d�h�]�h���a�Z��

�d�j�_�i�e�_�g�b�y�� �e�b�g�_�c�g�h�]�h�� �i�h�e�b�f�_�j�Z�� �^�e�y�� �i�h��
�\�u�r�_�g�b�y�� �k�l�_�i�_�g�b�� �w�d�j�Z�g�b�j�h�\�Z�g�b�y�� �I�K-
�>�<�;�� 

�B�a�\�_�k�l�g�h���� �q�l�h�� �i�h�\�u�r�_�g�b�_�� �d�h�e�b�q�_�k�l�\�Z��
�H�=�� �h�l�g�h�k�b�l�_�e�v�g�h�� �I�K-�>�<�;�� �i�j�b�� �k�b�g�l�_�a�_��
�i�j�b�\�h�^�b�l���d���i�h�\�u�r�_�g�b�x���^�Z�\�e�_�g�b�y�����k�h�a�^�Z��
�\�Z�_�f�h�]�h�� �\�� �o�j�h�f�Z�l�h�]�j�Z�n�b�q�_�k�d�h�c�� �k�b�k�l�_�f�_����
�H�^�g�Z�d�h���b�k�i�h�e�v�a�h�\�Z�g�b�_���h�i�l�b�f�Z�e�v�g�h�]�h���k�h��
�]�e�Z�k�g�h�� �>�����@�� �d�h�e�b�q�_�k�l�\�Z�� �H�=�� �������� �f�]���]�� �f�Z�l��
�j�b�p�u���� �i�j�b�\�_�e�h�� �d�� �i�h�e�m�q�_�g�b�x�� �\�u�k�h�d�h�]�h��
�^�Z�\�e�_�g�b�y�� �g�Z�� �d�h�e�h�g�d�_�� ���a������ �[�Z�j���k�f�� �^�e�b�g�u��
�d�h�e�h�g�d�b���� �M�f�_�g�v�r�_�g�b�_ �a�Z�]�j�m�a�d�b �H�=�� �^�h��
3.5 �f�]���] �i�h�a�\�h�e�b�e�h�� �k�g�b�a�b�l�v�� �^�Z�\�e�_�g�b�_�� �^�h��
�������[�Z�j/�k�f���^�e�b�g�u���d�h�e�h�g�d�b.  

�>�e�y �h�p�_�g�d�b �\�h�k�i�j�h�b�a�\�h�^�b�f�h�k�l�b �Z�g�b�h��
�g�h�h�[�f�_�g�g�b�d G-BTMA �[�u�e �k�b�g�l�_�a�b�j�h�\�Z�g��
�l�j�b�`�^�u. �I�h�d�Z�a�Z�g�h�� �q�l�h �h�l�g�h�k�b�l�_�e�v�g�u�_ 
�k�l�Z�g�^�Z�j�l�g�u�_ �h�l�d�e�h�g�_�g�b�y �n�Z�d�l�h�j�h�\���m�^�_�j��
�`�b�\�Z�g�b�y k�¶ �i�y�l�b �k�l�Z�g�^�Z�j�l�g�u�o �g�_�h�j�]�Z�g�b��
�q�_�k�d�b�o �Z�g�b�h�g�h�\ (F-, Cl-, NO2

-, Br-, NO3
-) 

�k�h�k�l�Z�\�b�e�b �g�_ �[�h�e�_�_ 3.0%, �Z �w�n�n�_�d�l�b�\�g�h��
�k�l�_�c���± �g�_ �[�h�e�_�_ 6.0%. �L�Z�d�b�f �h�[�j�Z�a�h�f�� �k�b�g��
�l�_�a �k�h�j�[�_�g�l�h�\ �g�Z �h�k�g�h�\�_ �i�h�e�b�f�_�j�g�h�c �f�Z�l��
�j�b�p�u �k �Z�^�k�h�j�[�b�j�h�\�Z�g�g�u�f �H�= �o�Z�j�Z�d�l�_�j�b��
�a�m�_�l�k�y �\�u�k�h�d�h�c �\�h�k�i�j�h�b�a�\�h�^�b�f�h�k�l�v�x�� 

�L�_�j�f�h�^�b�g�Z�f�b�q�_�k�d�Z�y���o�Z�j�Z�d�l�_�j�b�a�Z�p�b�y 
�D�Z�d �b�a�\�_�k�l�g�h �b�a �e�b�l�_�j�Z�l�m�j�g�u�o �^�Z�g�g�u�o�� 

�Œ-�Œ�� �Z�g�b�h�g-�Œ, �<�Z�g-�^�_�j-�<�Z�Z�e�v�k�h�\�u �b �^�j�m��
�]�b�_ �g�_�b�h�g�h�h�[�f�_�g�g�u�_ �\�a�Z�b�f�h�^�_�c�k�l�\�b�y �\�_��
�^�m�l �d �m�\�_�e�b�q�_�g�b�x �m�^�_�j�`�b�\�Z�g�b�y�� �Z �l�Z�d�`�_ �d 
�m�o�m�^�r�_�g�b�x �k�b�f�f�_�l�j�b�b �b �w�n�n�_�d�l�b�\�g�h�k�l�b 
�i�b�d�h�\ �i�h�e�y�j�b�a�m�_�f�u�o �Z�g�b�h�g�h�\�� �H�p�_�g�b�l�v��
�\�d�e�Z�^���g�_�b�h�g�h�h�[�f�_�g�g�u�o���\�a�Z�b�f�h�^�_�c�k�l�\�b�c���\��
�m�^�_�j�`�b�\�Z�g�b�_�� �Z�g�Z�e�b�l�h�\�� �f�h�`�g�h�� �i�m�l�_�f�� �i�h��

 
�J�b�k�����������I�j�_�^�i�h�e�Z�]�Z�_�f�Z�y���k�l�j�m�d�l�m�j�Z���g�_�i�h�^�\�b�`�g�h�c���n�Z�a�u��G-BTMA. 

Fig. 1. Proposed structure of G-BTMA stationary phase. 
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�k�l�j�h�_�g�b�y���a�Z�\�b�k�b�f�h�k�l�b���n�Z�d�l�h�j�Z���m�^�_�j�`�b�\�Z��
�g�b�y�� �h�l�� �d�h�g�p�_�g�l�j�Z�p�b�b�� �w�e�x�_�g�l�Z�� �\�� �[�b�e�h�]�Z��
�j�b�n�f�b�q�_�k�d�b�o���d�h�h�j�^�b�g�Z�l�Z�o. �I�j�b �j�Z�a�^�_�e�_��
�g�b�b �h�^�g�h�a�Z�j�y�^�g�u�o �Z�g�b�h�g�h�\ �k �i�h�f�h�s�v�x 
�]�b�^�j�h�d�k�b�^�g�h�]�h �w�e�x�_�g�l�Z �d�h�w�n�n�b�p�b�_�g�l 
�g�Z�d�e�h�g�Z�� �j�Z�\�g�u�c 1.0 ± 0.1, �m�d�Z�a�u�\�Z�_�l �g�Z 
�i�j�_�b�f�m�s�_�k�l�\�_�g�g�h �b�h�g�h�h�[�f�_�g�g�u�c �f�_�o�Z��
�g�b�a�f�� �m�^�_�j�`�b�\�Z�g�b�y��[19]. �>�Z�g�g�u�_�� �a�Z�\�b�k�b��
�f�h�k�l�b���[�u�e�b���i�h�e�m�q�_�g�u���^�e�y���i�h�e�y�j�b�a�m�_�f�u�o��
(Br-, NO3

-, ClO3
-) �b �k�b�e�v�g�h �i�h�e�y�j�b�a�m�_�f�u�o��

(I-, SCN-, ClO4
-) �Z�g�b�h�g�h�\. �I�h�d�Z�a�Z�g�h�� �q�l�h 

�g�_�k�f�h�l�j�y �g�Z �k�e�Z�[�h�_ �w�d�j�Z�g�b�j�h�\�Z�g�b�_ �i�h��
�\�_�j�o�g�h�k�l�b �I�K-�>�<�; �a�Z �k�q�_�l �g�_�j�Z�a�\�_�l�\�e�_�g��
�g�h�]�h �b�h�g�h�h�[�f�_�g�g�h�]�h �k�e�h�y�� �d�h�w�n�n�b�p�b�_�g�l�u 
�g�Z�d�e�h�g�Z �a�Z�\�b�k�b�f�h�k�l�_�c «lg k�¶ �± lg C» �^�e�y 
�\�k�_�o �b�k�k�e�_�^�m�_�f�u�o �Z�g�Z�e�b�l�h�\ �[�e�b�a�d�b �d �_�^�b��
�g�b�p�_ ���l�Z�[�e�� 1). �I�j�b �w�l�h�f �\ �j�Z�[�h�l�_ [19] �k�h�j��
�[�_�g�l �k �Z�g�Z�e�h�]�b�q�g�u�f�b �n�m�g�d�p�b�h�g�Z�e�v�g�u�f�b��
�]�j�m�i�i�Z�f�b���� �d�h�\�Z�e�_�g�l�g�h���i�j�b�\�b�l�u�f�b���g�Z���i�h��
�\�_�j�o�g�h�k�l�v���Z�p�b�e�b�j�h�\�Z�g�g�h�c���f�Z�l�j�b�p�u�����b�f�_�e��
�d�h�w�n�n�b�p�b�_�g�l�� �g�Z�d�e�h�g�Z�� ��.78 �^�e�y �g�b�l�j�Z�l�Z, 
�q�l�h�� �k�\�b�^�_�l�_�e�v�k�l�\�m�_�l�� �h�� �g�Z�e�b�q�b�b�� �a�g�Z�q�b��
�l�_�e�v�g�h�]�h�� �\�d�e�Z�^�Z�� �g�_�b�h�g�h�h�[�f�_�g�g�u�o�� �\�a�Z�b��
�f�h�^�_�c�k�l�\�b�c�� �\�� �_�]�h�� �m�^�_�j�`�b�\�Z�g�b�_���� �L�Z�d�b�f��
�h�[�j�Z�a�h�f���� �b�k�i�h�e�v�a�h�\�Z�g�g�u�c�� �\�� �j�Z�[�h�l�_�� �i�h�^��
�o�h�^�� �d�� �k�b�g�l�_�a�m�� �Z�g�b�h�g�h�h�[�f�_�g�g�b�d�h�\�� �i�h�a�\�h��
�e�y�_�l�� �f�b�g�b�f�b�a�b�j�h�\�Z�l�v�� �g�_�]�Z�l�b�\�g�u�c�� �\�d�e�Z�^��
�g�_�b�h�g�h�h�[�f�_�g�g�u�o���\�a�Z�b�f�h�^�_�c�k�l�\�b�c���\���m�^�_�j��
�`�b�\�Z�g�b�_���Z�g�Z�e�b�l�h�\�� 

�>�e�y �i�j�h�]�g�h�a�b�j�h�\�Z�g�b�y �\�j�_�f�_�g �m�^�_�j�`�b��
�\�Z�g�b�y �q�Z�k�l�h �j�Z�k�k�q�b�l�u�\�Z�x�l���d�Z�`�m�s�b�_�k�y��

�d�h�g�k�l�Z�g�l�u���b�h�g�g�h�]�h �h�[�f�_�g�Z �b�e�b �b�k�i�j�Z�\��
�e�_�g�g�u�_���d�h�w�n�n�b�p�b�_�g�l�u���j�Z�\�g�h�\�_�k�b�y�����d�h�l�h��
�j�u�_���h�i�j�_�^�_�e�y�x�l���i�h���n�h�j�f�m�e�_���� 
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�]�^�_ �=�Ü �b �?�Ü ,�± �l�_�j�f�h�^�b�g�Z�f�b�q�_�k�d�Z�y �Z�d�l�b�\��
�g�h�k�l�v �b �d�h�g�p�_�g�l�j�Z�p�b�y �b�h�g�Z �\ �j�Z�k�l�\�h�j�_�����=�*
% 
�b �?�*
% �± �l�_ �`�_ �\�_�e�b�q�b�g�u �\ �b�h�g�b�l�_ [14]. �>�Z�g��
�g�u�c�� �d�h�w�n�n�b�p�b�_�g�l�� �k�\�y�a�Z�g���k �h�k�g�h�\�g�u�f�b 
�o�j�h�f�Z�l�h�]�j�Z�n�b�q�_�k�d�b�f�b �i�Z�j�Z�f�_�l�j�Z�f�b �k�h��
�h�l�g�h�r�_�g�b�_�f [20]: 
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�Û���F

�P�ñ�V�(�%
���q����

�á 

�]�^�_���Û�Ü�± �d�h�w�n�n�b�p�b�_�g�l�u���Z�d�l�b�\�g�h�k�l�b���b�h�g�h�\ 
�\�� �i�h�^�\�b�`�g�h�c�� �n�Z�a�_�����P�ñ�V���± �b�k�i�j�Z�\�e�_�g�g�h�_��
�\�j�_�f�y�� �m�^�_�j�`�b�\�Z�g�b�y�� �b�h�g�h�\����F �± �k�d�h�j�h�k�l�v��
�i�h�l�h�d�Z�� �w�e�x�_�g�l�Z���� �K���± �d�h�g�p�_�g�l�j�Z�p�b�y��
�w�e�x�_�g�l�Z����Vs �± �h�[�t�_�f���g�_�i�h�^�\�b�`�g�h�c���n�Z�a�u����
Q �± �m�^�_�e�v�g�Z�y���z�f�d�h�k�l�v���d�h�e�h�g�d�b�� 

�H�[�t�_�f�� �g�_�i�h�^�\�b�`�g�h�c�� �n�Z�a�u�� �\�u�q�b�k�e�y�e�b��
�\���k�h�h�l�\�_�l�k�l�\�b�b���k���n�h�j�f�m�e�h�c����Vs = V �d�h�e�h�g�d�b 
�± V0+ V �d�h�f�f�����]�^�_��V0 �± �f�z�j�l�\�u�c���h�[�t�_�f���d�h��
�e�h�g�d�b����V �d�h�f�f �± �h�[�t�_�f�� �d�h�f�f�m�g�b�d�Z�p�b�c�� �h�l��
�m�k�l�j�h�c�k�l�\�Z���\�\�h�^�Z���i�j�h�[�u���^�h���d�h�e�h�g�d�b���b���h�l��
�d�h�e�h�g�d�b���^�h���^�_�l�_�d�l�h�j�Z����V �d�h�e�h�g�d�b �± �h�[�t�_�f���d�h��
�e�h�g�d�b. Vs �\���^�Z�g�g�h�c���j�Z�[�h�l�_���k�h�k�l�Z�\�b�e������������
�k�f3���� �M�^�_�e�v�g�m�x�� �z�f�d�h�k�l�v�� �d�h�e�h�g�d�b�� �4�� �h�i�j�_��
�^�_�e�y�e�b�� �^�b�g�Z�f�b�q�_�k�d�b�f���f�_�l�h�^�h�f [21], �h�g�Z��
�k�h�k�l�Z�\�b�e�Z�������������f�F . 
�B�a�m�q�_�g�b�_�� �m�^�_�j�`�b�\�Z�g�b�y�� �i�h�e�y�j�b�a�m�_�f�u�o��
�Z�g�b�h�g�h�\�� �i�j�h�\�h�^�b�e�b�� �i�j�b�� �d�h�g�p�_�g�l�j�Z�p�b�b��
�w�e�x�_�g�l�Z���h�l�������^�h���������f�F�����\���l�h���\�j�_�f�y���d�Z�d���^�e�y��

�L�Z�[�e�b�p�Z���������D�h�w�n�n�b�p�b�_�g�l�u���g�Z�d�e�h�g�Z�����d�h�w�n�n�b�p�b�_�g�l�u���d�h�j�j�_�e�y�p�b�b���e�b�g�_�c�g�u�o���a�Z�\�b�k�b�f�h�k�l�_�c��y 
= -A*x+B �\���d�h�h�j�^�b�g�Z�l�Z�o��lg k�¶���± lg C (k�¶���± �n�Z�d�l�h�j���m�^�_�j�`�b�\�Z�g�b�y���Z�g�b�h�g�h�\�����K���± �d�h�g�p�_�g�l�j�Z�p�b�y��
�w�e�x�_�g�l�Z�������b���d�h�g�k�l�Z�g�l�u���b�h�g�g�h�]�h���h�[�f�_�g�Z���^�e�y���i�h�e�y�j�b�a�m�_�f�u�o���b���k�b�e�v�g�h���i�h�e�y�j�b�a�m�_�f�u�o���Z�g�b�h�g�h�\��
�g�Z���k�h�j�[�_�g�l�_���*-BTMA�����W�e�x�_�g�l�������±�������f�F���^�e�y��Br-, NO3

- �b��ClO3
-; 10 �± �������f�F���^�e�y I-; 20 �± �������f�F��

�^�e�y SCN- �b��ClO4
- 

Table 1. The slope coefficients, correlation coefficients of the linear dependencies y = -A*x+B 
�L�Q���W�K�H���O�J���N�¶���± �O�J�&���F�R�R�U�G�L�Q�D�W�H�V�����N�¶���± retention factor of analyte; C �± concentration of eluting ion), 
and the ion-exchange constants for polarizable and highly polarizable anions on the G-BTMA resin. 
Eluent: 2�±10 mM for Br-, NO3

-, and ClO3
-; 10 �± 18 mM for I-; 20 �± 40 mM for SCN- and ClO4

- 
�:�g�b�h�g A r �-
é�º�á�7 �È�Á�7�¤  

Br- 0.95±0.01 0.999 0.89±0.04 
NO3

- 0.95±0.01 0.999 1.17±0.06 
ClO3

- 0.94±0.01 0.999 1.67±0.04 
I- 0.92±0.02 0.999 3.39±0.07 

SCN- 0.91±0.01 0.999 12.5±0.4 
ClO4

- 0.93±0.02 0.999 13.3±0.3 
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�k�b�e�v�g�h���i�h�e�y�j�b�a�m�_�f�u�o���Z�g�b�h�g�h�\���b�k�i�h�e�v�a�h��
�\�Z�e�b���[�h�e�_�_���\�u�k�h�d�b�_���d�h�g�p�_�g�l�j�Z�p�b�b�����l�Z�[�e����
�������� �<�� �k�\�y�a�b�� �k�� �w�l�b�f�� �^�e�y�� �j�Z�k�q�_�l�h�\�� �d�h�w�n�n�b��
�p�b�_�g�l�h�\�� �Z�d�l�b�\�g�h�k�l�b�� �b�k�k�e�_�^�m�_�f�u�o�� �Z�g�b�h��
�g�h�\�� �b�k�i�h�e�v�a�h�\�Z�e�b�� �\�l�h�j�h�_�� �i�j�b�[�e�b�`�_�g�b�_��
�>�_�[�Z�y-�O�x�d�d�_�e�y���� �m�q�b�l�u�\�Z�x�s�_�_�� �k�h�[�k�l�\�_�g��
�g�u�c���j�Z�a�f�_�j���b�h�g�h�\���� 

�Ž�‰�Û�Ü
L 
F
�V�Ü

�6�#�¾�+

�s
E�=�$�¾�+
�á�� 

�]�^�_���V�Ü�± �a�Z�j�y�^�� �b�h�g�Z����I �± �b�h�g�g�Z�y�� �k�b�e�Z�� �j�Z�k��
�l�\�h�j�Z���� �d�h�l�h�j�Z�y�� �h�i�j�_�^�_�e�y�_�l�k�y�� �k�h�h�l�g�h�r�_��

�g�b�_�f���� �+
L
�5

�6
�Ã�:�?�Ü�V�Ü

�6�;, �# 
L
�5�á�<�6�9�®�5�4�2

�:�•�Í �;�/���.
 

�>���e���f�h�e�v��1/2���D3/2�@�����0���± �^�b�w�e�_�d�l�j�b�q�_�k�d�Z�y���i�h��
�k�l�h�y�g�g�Z�y���j�Z�k�l�\�h�j�Z�����L �± �l�_�f�i�_�j�Z�l�m�j�Z�����$ 
L
�9�á�4�7�®�5�4�-�-

�¾�•�Í
 �>�f-1�����e���f�h�e�v��1/2���D1/2], �= �± �w�n�n�_�d��

�l�b�\�g�u�_���b�h�g�g�u�_���j�Z�^�b�m�k�u���D�b�e�Z�g�^�Z���� 
�J�Z�k�k�q�b�l�Z�g�g�u�c�� �b�k�i�j�Z�\�e�_�g�g�u�c�� �d�h�w�n�n�b��

�p�b�_�g�l���j�Z�\�g�h�\�_�k�b�y���^�e�y���i�h�e�y�j�b�a�m�_�f�h�]�h���%�U�í 
�h�d�Z�a�Z�e�k�y�� �f�_�g�v�r�_�� �_�^�b�g�b�p�u�� ���l�Z�[�e���� �������� �q�l�h��
�k�\�b�^�_�l�_�e�v�k�l�\�m�_�l���h���[�h�e�v�r�_�f���k�j�h�^�k�l�\�_���]�b�^��
�j�h�d�k�b�^-�b�h�g�Z���d���g�_�i�h�^�\�b�`�g�h�c���n�Z�a�_���i�h���k�j�Z�\��
�g�_�g�b�x���k���[�j�h�f�b�^-�b�h�g�h�f�����Z���k�e�_�^�h�\�Z�l�_�e�v�g�h����
�_�s�_���j�Z�a���i�h�^�l�\�_�j�`�^�Z�_�l���w�n�n�_�d�l�b�\�g�h�k�l�v���Z�^��
�k�h�j�[�p�b�b���H�=���^�e�y���w�n�n�_�d�l�b�\�g�h�]�h���w�d�j�Z�g�b�j�h��
�\�Z�g�b�y���Z�j�h�f�Z�l�b�q�_�k�d�h�c���f�Z�l�j�b�p�u�� 

�J�Z�k�k�q�b�l�Z�g�g�u�_�� �d�h�w�n�n�b�p�b�_�g�l�u�� �i�h�a�\�h��
�e�y�x�l���k�i�j�h�]�g�h�a�b�j�h�\�Z�l�v���b�k�i�j�Z�\�e�_�g�g�u�_���\�j�_��
�f�_�g�Z�� �m�^�_�j�`�b�\�Z�g�b�y�� �d�h�g�d�m�j�_�g�l�g�u�o�� �Z�g�b�h��
�g�h�\���b���g�Z���h�k�g�h�\�Z�g�b�b���w�l�h�]�h���i�h�^�h�[�j�Z�l�v���i�j�b��
�_�f�e�_�f�u�_�� �m�k�e�h�\�b�y�� �i�j�h�\�_�^�_�g�b�y�� �Z�g�Z�e�b�a�Z���� �<��
�l�Z�[�e�b�p�_�� ���� �i�j�_�^�k�l�Z�\�e�_�g�u�� �l�_�h�j�_�l�b�q�_�k�d�b��
�j�Z�k�k�q�b�l�Z�g�g�u�_�� �b�� �w�d�k�i�_�j�b�f�_�g�l�Z�e�v�g�u�_�� �\�j�_��
�f�_�g�Z�� �m�^�_�j�`�b�\�Z�g�b�y�� �g�_�d�h�l�h�j�u�o�� �b�k�k�e�_�^�m�_��
�f�u�o���Z�g�b�h�g�h�\�����D�Z�d���\�b�^�g�h���b�a���i�j�b�\�_�^�_�g�g�u�o��
�^�Z�g�g�u�o���� �l�_�h�j�_�l�b�q�_�k�d�b�_�� �j�Z�k�q�_�l�u�� �o�h�j�h�r�h��

�k�h�]�e�Z�k�m�x�l�k�y���k���w�d�k�i�_�j�b�f�_�g�l�Z�e�v�g�u�f�b���^�Z�g��
�g�u�f�b���� �F�Z�d�k�b�f�Z�e�v�g�h�_�� �j�Z�k�o�h�`�^�_�g�b�_�� �b�k��
�i�j�Z�\�e�_�g�g�u�o���\�j�_�f�_�g���m�^�_�j�`�b�\�Z�g�b�y���k�h�k�l�Z�\��
�e�y�_�l�������������^�e�y���[�j�h�f�b�^�Z���i�j�b���d�h�g�p�_�g�l�j�Z�p�b�b��
�w�e�x�_�g�l�Z���������f�F�� 

�:�g�Z�e�b�l�b�q�_�k�d�Z�y���o�Z�j�Z�d�l�_�j�b�a�Z�p�b�y 
�I�j�h�\�_�^�_�g�h�� �k�j�Z�\�g�_�g�b�_�� �i�h�e�m�q�_�g�g�h�]�h��

�k�h�j�[�_�g�l�Z��G-BTMA �k���j�Z�g�_�_���h�i�b�k�Z�g�g�u�f�b���\��
�e�b�l�_�j�Z�l�m�j�_�� �g�_�i�h�^�\�b�`�g�u�f�b�� �n�Z�a�Z�f�b�� �k�h��
�k�o�h�`�_�c�� �k�l�j�m�d�l�m�j�h�c�� �d�h�\�Z�e�_�g�l�g�h�� �a�Z�d�j�_�i��
�e�_�g�g�h�]�h���n�m�g�d�p�b�h�g�Z�e�v�g�h�]�h���k�e�h�y�����l�Z�[�e������������
�W�n�n�_�d�l�b�\�g�h�k�l�v�� �i�h�e�m�q�_�g�g�h�c�� �g�_�i�h�^�\�b�`��
�g�h�c�� �n�Z�a�u�� �i�h�� �o�e�h�j�b�^�m�� �i�j�_�\�h�k�o�h�^�b�l�� �j�_��
�a�m�e�v�l�Z�l�u�� �^�e�y�� �g�_�i�h�^�\�b�`�g�h�c�� �n�Z�a�u�� �;���� �k��
�n�j�Z�]�f�_�g�l�Z�f�b�� �L�F�:�� �\�� �n�m�g�d�p�b�h�g�Z�e�v�g�h�f��
�k�e�h�_�� �g�Z�� �h�k�g�h�\�_�� �Z�p�b�e�b�j�h�\�Z�g�g�h�c�� �f�Z�l�j�b�p�u��
�>�����@�����Z���l�Z�d�`�_���k�j�Z�\�g�b�f�u���^�e�y���k�h�j�[�_�g�l�h�\���;����
�>�����@�� �b E-�%�'�0�(�$�� �>�����@�� �k�� �b�k�i�h�e�v�a�h�\�Z�g�b�_�f��
�[�h�e�_�_�� �]�b�^�j�h�n�b�e�v�g�h�]�h�� �^�b�f�_�l�b�e�w�l�Z�g�h�e�Z��
�f�b�g�Z���g�Z���h�k�g�h�\�_���Z�p�b�e�b�j�h�\�Z�g�g�h�c���b���w�i�h�d�k�b��
�^�b�j�h�\�Z�g�g�h�c���f�Z�l�j�b�p�����k�h�h�l�\�_�l�k�l�\�_�g�g�h�����H�^��
�g�Z�d�h���w�n�n�_�d�l�b�\�g�h�k�l�b���i�b�d�h�\���i�h���i�h�e�y�j�b�a�m�_��
�f�u�f���[�j�h�f�b�^�m���b���g�b�l�j�Z�l�m���g�Z���g�h�\�h�f���Z�g�b�h�g�h��
�h�[�f�_�g�g�b�d�_���a�g�Z�q�b�l�_�e�v�g�h���i�j�_�\�h�k�o�h�^�y�l���a�g�Z��
�q�_�g�b�y���^�e�y���j�Z�g�_�_���h�i�b�k�Z�g�g�u�o���\���e�b�l�_�j�Z�l�m�j�_��
�g�_�i�h�^�\�b�`�g�u�o���n�Z�a���k���_�^�b�g�b�q�g�u�f�b���n�m�g�d�p�b��
�h�g�Z�e�v�g�u�f�b�� �]�j�m�i�i�Z�f�b���� �W�l�h�� �h�[�t�y�k�g�y�_�l�k�y 
�w�n�n�_�d�l�b�\�g�u�f�� �w�d�j�Z�g�b�j�h�\�Z�g�b�_�f�� �]�b�^�j�h��
�n�h�[�g�h�c�� �i�h�\�_�j�o�g�h�k�l�b�� �f�Z�l�j�b�p�u�� �h�l�j�b�p�Z��
�l�_�e�v�g�h���a�Z�j�y�`�_�g�g�u�f���k�e�h�_�f���H�=���b���d�h�j�j�_�e�b��
�j�m�_�l���k���\�u�\�h�^�Z�f�b�����k�^�_�e�Z�g�g�u�f�b���i�j�b���b�a�m�q�_��
�g�b�b�� �f�_�o�Z�g�b�a�f�Z�� �m�^�_�j�`�b�\�Z�g�b�y�� �i�h�e�y�j�b�a�m�_��
�f�u�o�� �Z�g�b�h�g�h�\���� �K�j�Z�\�g�b�\�Z�y�� �i�h�e�m�q�_�g�g�u�c��
�k�h�j�[�_�g�l�� �k�� �j�Z�a�\�_�l�\�e�_�g�g�u�f���Z�g�b�h�g�h�h�[�f�_�g��
�g�b�d�h�f AE100-2 �g�Z �h�k�g�h�\�_ �i�h�e�b�f�_�j�g�h�c 
�f�Z�l�j�b�p�u �k �Z�^�k�h�j�[�b�j�h�\�Z�g�g�u�f �k�e�h�_�f �H�= �b�a 

�L�Z�[�e�b�p�Z ������ �W�d�k�i�_�j�b�f�_�g�l�Z�e�v�g�u�_�� �b�� �l�_�h�j�_�l�b�q�_�k�d�b�� �j�Z�k�k�q�b�l�Z�g�g�u�_�� �b�k�i�j�Z�\�e�_�g�g�u�_�� �\�j�_�f�_�g�Z��
�m�^�_�j�`�b�\�Z�g�b�y���i�h�e�y�j�b�a�m�_�f�u�o���b���k�b�e�v�g�h���i�h�e�y�j�b�a�m�_�f�u�o���b�h�g�h�\���g�Z���k�h�j�[�_�g�l�_��G-BTMA 
Table 2. The experimental and theoretically calculated corrected retention times of polarizable 
and highly polarizable ions on the G-BTMA resin 

�:�g�b�h�g �W�¶R, �f�b�g 
CKOH, �f�F  

2 4 6 8 10 

Br- �W�¶R �w�d�k�i 6.57 3.47 2.37 1.80 1.45 
�W�¶R �l�_�h�j 6.59 3.50 2.33 1.75 1.40 

�:�g�b�h�g �W�¶R,�f�b�g 
CKOH, �f�F  

20 25 30 35 40 

ClO4
- �W�¶R �w�d�k�i 10.14 8.40 6.94 5.99 5.38 

�W�¶R �l�_�h�j 10.12 8.36 6.96 5.97 5.42 
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�j�Z�[�h�l�u [10]�����f�h�`�g�h���h�l�f�_�l�b�l�v���[�h�e�_�_���\�u�k�h��
�d�m�x���w�n�n�_�d�l�b�\�g�h�k�l�v���i�_�j�\�h�]�h�����l�Z�[�e�� 3)�����W�l�h��
�k�\�y�a�Z�g�h���k���[�h�e�v�r�_�c���k�d�h�j�h�k�l�v�x���f�Z�k�k�h�i�_�j�_��
�g�h�k�Z�� �q�_�j�_�a�� �l�h�g�d�b�c�� �b�h�g�h�h�[�f�_�g�g�u�c�� �k�e�h�c��
���j�b�k���� ������ �i�h�� �k�j�Z�\�g�_�g�b�x�� �k�� �h�[�t�_�f�g�u�f�� �j�Z�a��
�\�_�l�\�e�_�g�g�u�f���k�e�h�_�f�� 

�H�� �i�h�\�u�r�_�g�b�b�� �]�b�^�j�h�n�b�e�v�g�h�k�l�b�� �b�h�g�h��
�h�[�f�_�g�g�h�]�h���k�e�h�y���f�h�`�g�h���k�m�^�b�l�v���i�h���k�g�b�`�_��
�g�b�x�� �k�_�e�_�d�l�b�\�g�h�k�l�b�� �\�� �i�Z�j�Z�o��NO3

-/Cl- �b 
NO3

-/Br- [16�@�����q�l�h�� �g�Z�[�e�x�^�Z�_�l�k�y���^�e�y���i�h�e�m��
�q�_�g�g�h�]�h�� �k�h�j�[�_�g�l�Z�� �h�l�g�h�k�b�l�_�e�v�g�h�� �j�Z�g�_�_��
�h�i�b�k�Z�g�g�u�o���\���e�b�l�_�j�Z�l�m�j�_���Z�g�b�h�g�h�h�[�f�_�g�g�b��
�d�h�\�� �k�h�� �k�o�h�`�_�c�� �k�l�j�m�d�l�m�j�h�c�� �b�h�g�h�h�[�f�_�g��
�g�h�]�h���k�e�h�y��[15, 19] ���l�Z�[�e�� 3)�����<�_�j�h�y�l�g�h�����[�h��
�e�_�_���\�u�k�h�d�Z�y���]�b�^�j�h�n�b�e�v�g�h�k�l�v���k�h�j�[�_�g�l�Z��G-
BTMA �k�\�y�a�Z�g�Z���k���g�Z�e�b�q�b�_�f���[�Z�a�h�\�h�]�h���]�b�^��
�j�h�n�b�e�v�g�h�]�h���k�e�h�y�����i�h�e�m�q�_�g�g�h�]�h���i�m�l�_�f���j�_��
�Z�d�p�b�b�� �^�b�w�i�h�d�k�b�^�Z�� �b�� �i�_�j�\�b�q�g�h�]�h�� �Z�f�b�g�Z��
���j�b�k���� ���������K�g�b�`�_�g�b�_�� �^�Z�g�g�u�o�� �i�Z�j�Z�f�_�l�j�h�\��
�h�l�g�h�k�b�l�_�e�v�g�h�� �j�Z�a�\�_�l�\�e�_�g�g�h�]�h�� �k�h�j�[�_�g�l�Z�� �k��
�Z�^�k�h�j�[�b�j�h�\�Z�g�g�u�f�� �k�e�h�_�f�� �H�=�����l�Z�[�e���� ���� 
�f�h�`�g�h�� �h�[�t�y�k�g�b�l�v�� �j�Z�a�e�b�q�b�y�f�b�� �\�� �k�l�j�m�d��
�l�m�j�_���n�m�g�d�p�b�h�g�Z�e�v�g�h�]�h���k�e�h�y���� �\�� �q�Z�k�l�g�h�k�l�b��
�\�h�a�f�h�`�g�u�f�b�� �k�r�b�\�d�Z�f�b�� �k�h�k�_�^�g�b�o�� �p�_�i�_�c��
�i�j�b���j�Z�a�\�_�l�\�e�_�g�b�b���>���@�� 

�G�Z�� �i�h�e�m�q�_�g�g�h�c�� �g�_�i�h�^�\�b�`�g�h�c�� �n�Z�a�_ 
G-BTMA �m�^�Z�e�h�k�v �w�d�k�i�j�_�k�k�g�h���j�Z�a�^�_�e�b�l�v������
�k�l�Z�g�^�Z�j�l�g�u�o���g�_�h�j�]�Z�g�b�q�_�k�d�b�o���Z�g�b�h�g�h�\����F-, 
Cl-, NO2

-, Br-, NO3
-, SO4

2-, PO4
3-�����a�Z���� �f�b�g���\��

�j�_�`�b�f�_�� �]�j�Z�^�b�_�g�l�g�h�]�h�� �w�e�x�b�j�h�\�Z�g�b�y�� ���j�b�k����
���Z������ �[�e�Z�]�h�^�Z�j�y�� �q�_�f�m�� �h�g�Z�� �[�u�e�Z�� �m�k�i�_�r�g�h��
�i�j�b�f�_�g�_�g�Z���^�e�y���j�_�r�_�g�b�y���a�Z�^�Z�q���w�d�h�e�h�]�b�q�_��
�k�d�h�]�h�� �f�h�g�b�l�h�j�b�g�]�Z���� �l�Z�d�b�o�� �d�Z�d�� �h�i�j�_�^�_�e�_��
�g�b�_���k�l�Z�g�^�Z�j�l�g�u�o���g�_�h�j�]�Z�g�b�q�_�k�d�b�o���Z�g�b�h�g�h�\��
�\���\�h�^�_���b���i�h�q�\�_�����O�j�h�f�Z�l�h�]�j�Z�f�f�u���i�j�h�[���i�b��
�l�v�_�\�h�c���\�h�^�u���©�Q�_�j�g�h�]�h�e�h�\�d�Z�ª���b���\�h�^�g�h�c���\�u��
�l�y�`�d�b���b�a���i�h�q�\�u���i�j�_�^�k�l�Z�\�e�_�g�u���g�Z���j�b�k�������[���b��
���\�����k�h�h�l�\�_�l�k�l�\�_�g�g�h�����B�^�_�g�l�b�n�b�d�Z�p�b�x���k�l�Z�g��
�^�Z�j�l�g�u�o�� �g�_�h�j�]�Z�g�b�q�_�k�d�b�o�� �Z�g�b�h�g�h�\�� �i�j�h�\�h��
�^�b�e�b���i�h���k�j�Z�\�g�_�g�b�x���b�k�i�j�Z�\�e�_�g�g�u�o���\�j�_�f�_�g��
�m�^�_�j�`�b�\�Z�g�b�c�� �k�� �l�Z�d�h�\�u�f�b�� �^�e�y�� �k�l�Z�g�^�Z�j�l��
�g�h�]�h�� �j�Z�k�l�\�h�j�Z�� ���j�b�k���� ���Z������ �D�h�e�b�q�_�k�l�\�_�g�g�u�c��
�Z�g�Z�e�b�a�� �i�j�h�\�h�^�b�e�b�� �f�_�l�h�^�h�f�� �i�h�k�l�j�h�_�g�b�y��
�]�j�Z�^�m�b�j�h�\�h�q�g�h�c�� �a�Z�\�b�k�b�f�h�k�l�b�� �i�e�h�s�Z�^�b��
�i�b�d�Z�� �h�l�� �d�h�g�p�_�g�l�j�Z�p�b�b�� �Z�g�Z�e�b�l�Z���� �>�b�Z�i�Z��
�a�h�g�u�� �h�i�j�_�^�_�e�y�_�f�u�o�� �d�h�g�p�_�g�l�j�Z�p�b�c�� �[�u�e�b��
�\�u�[�j�Z�g�u�� �k�h�]�e�Z�k�g�h�� �=�H�K�L�� ����������-2012. 
�D�h�g�l�j�h�e�v���\�g�m�l�j�b- �b���f�_�`�k�m�l�h�q�g�h�c���\�h�k�i�j�h��
�b�a�\�h�^�b�f�h�k�l�b���i�j�h�\�h�^�b�e�b���i�m�l�_�f���i�h�\�l�h�j�g�u�o��
�Z�g�Z�e�b�a�h�\���i�j�h�[�����L�Z�d�����k�l�Z�g�^�Z�j�l�g�u�_���h�l�d�e�h�g�_��
�g�b�y���\�j�_�f�_�g���m�^�_�j�`�b�\�Z�g�b�y���\���l�_�q�_�g�b�_���k�m�l�h�d��
�k�h�k�l�Z�\�b�e�b���g�_���[�h�e�_�_���������������Z���f�_�`�^�m���k�m�l�d�Z�f�b��
�± 1.9% (n=5, P� ���������������>�b�Z�i�Z�a�h�g�u���e�b�g�_�c�g�h��
�k�l�b�����d�h�w�n�n�b�p�b�_�g�l�u���d�h�j�j�_�e�y�p�b�b���b���i�j�_�^�_�e�u��
�h�[�g�Z�j�m�`�_�g�b�y�� �h�i�j�_�^�_�e�y�_�f�u�o�� �Z�g�b�h�g�h�\��
�i�j�_�^�k�l�Z�\�e�_�g�u���\���l�Z�[�e�b�p�_������ 

 
�J�b�k�����������O�j�h�f�Z�l�h�]�j�Z�f�f�u���f�h�^�_�e�v�g�h�c���k�f�_�k�b���k�l�Z�g�^�Z�j�l�g�u�o���g�_�h�j�]�Z�g�b�q�_�k�d�b�o���Z�g�b�h�g�h�\�����Z�������h�[�j�Z�a��

�p�h�\���i�b�l�v�_�\�h�c���\�h�^�u�����[�����b���\�h�^�g�h�c���\�u�l�y�`�d�b���b�a���i�h�q�\�u�����\�������W�e�x�_�g�l����0-���������f�b�g���± �����f�F��KOH, 
2.5-�����f�b�g���± 8-�������f�F��KOH�����K�d�h�j�h�k�l�v���i�h�l�h�d�Z���������k�f3���f�b�g�� 

Fig. 2. Chromatograms of model mixture of standard inorganic anions (a), drinking water (b) and 
soil aqueous extract samples (c). Eluent: 0-2.5 min �± 8 mM KOH, 2.5-4 min �± 8-20 mM KOH. 

Flow rate: 1 mL/min. 
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�J�_�a�m�e�v�l�Z�l�u �d�h�e�b�q�_�k�l�\�_�g�g�h�]�h �Z�g�Z�e�b�a�Z �b 
�h�p�_�g�d�Z �i�j�Z�\�b�e�v�g�h�k�l�b �h�i�j�_�^�_�e�_�g�b�y �Z�g�b�h��
�g�h�\ �\ �i�b�l�v�_�\�h�c �\�h�^�_ �b �i�h�q�\�_ �f�_�l�h�^�h�f 

�©�\�\�_�^�_�g�h-�g�Z�c�^�_�g�h�ª �i�j�_�^�k�l�Z�\�e�_�g�u �\ �l�Z�[��
�e�b�p�_ 5. �K�h�^�_�j�`�Z�g�b�y �\�k�_�o �h�[�g�Z�j�m�`�_�g�g�u�o 
�g�_�h�j�]�Z�g�b�q�_�k�d�b�o �Z�g�b�h�g�h�\ �e�_�`�Z�l �\ �i�j�_�^�_��
�e�Z�o �m�k�l�Z�g�h�\�e�_�g�g�u�o �I�>�D ���K�Z�g�I�b�G 

�L�Z�[�e�b�p�Z�� �������:�[�k�h�e�x�l�g�Z�y�� �w�n�n�_�d�l�b�\�g�h�k�l�v�� �i�h�� �o�e�h�j�b�^�m���� �h�l�g�h�k�b�l�_�e�v�g�u�_�� �w�n�n�_�d�l�b�\�g�h�k�l�b�� ���1���$�Q-

)/N(Cl-�������i�h���i�h�e�y�j�b�a�m�_�f�u�f���b�h�g�Z�f���b���d�h�w�n�n�b�p�b�_�g�l�u���k�_�e�_�d�l�b�\�g�h�k�l�b���i�Z�j�����h�l�j�Z�`�Z�x�s�b�_���k�l�_�i�_�g�v��
�]�b�^�j�h�n�b�e�b�a�Z�p�b�b���n�m�g�d�p�b�h�g�Z�e�v�g�h�]�h���k�e�h�y���^�e�y���k�h�j�[�_�g�l�Z��G-BTMA�����Z���l�Z�d�`�_���k�h�j�[�_�g�l�h�\���;�����b���;�����g�Z��
�h�k�g�h�\�_���Z�p�b�e�b�j�h�\�Z�g�g�h�c���f�Z�l�j�b�p�u���>�����@����E-BDMEA �g�Z���h�k�g�h�\�_���w�i�h�d�k�b�^�b�j�h�\�Z�g�g�h�c���f�Z�l�j�b�p�u���>�����@��
�b��AE100-���� �g�Z�� �h�k�g�h�\�_�� �f�Z�l�j�b�p�u�� �k�� �Z�^�k�h�j�[�b�j�h�\�Z�g�g�u�f�� �k�e�h�_�f�� �H�=�� �>�����@���� �W�e�x�_�g�l����G-BTMA, E-
BDMEA �± �����f�F��KOH�����;�������;�����± �����f�F��KOH; AE100-2 �± �������f�F��KOH 
Table 3. Absolute efficiency for chloride, relative efficiencies (N(An-)/N(Cl-)) of polarizable ions 
and selectivity coefficients for pairs reflecting the degree of functional layer hydrophilization on 
G-BTMA resin, as well as resin B1 and B2 based on acylated substrate [19], E-BDMEA based on 
epoxidized substrate [15] and AE100-2 based on substrate with adsorbed GO layer [10]. Eluent: 
G-BTMA, E-BDMEA �± 8 mM KOH; B1, B2 �± 5 mM KOH, AE100-2 �± 12 mM KOH 

�K�h�j�[�_�g�l N(Cl-), 
�L�L���f 

N(Br-)/N(Cl-) N(NO3
-)/N(Cl-) �D(NO3

-/Cl-) �D(NO3
-/Br-) 

G-BTMA 43000 1.1 1.0 2.32 1.31 
�;�����>��9] 21000 0.5 0.5 3.96 1.76 
�;�����>��9] 40000 0.8 0.5 2.67 1.45 

E-BDMEA 
[15] 41000 0.6 0.5 3.53 1.49 

AE100-2 [10] 15200 0.9 0.8 3.95 1.44 
 

�L�Z�[�e�b�p�Z���������>�b�Z�i�Z�a�h�g���e�b�g�_�c�g�h�k�l�b�����d�h�w�n�n�b�p�b�_�g�l�u���d�h�j�j�_�e�y�p�b�b���b���i�j�_�^�_�e�u���h�[�g�Z�j�m�`�_�g�b�y���Z�g�b��
�h�g�h�\���^�e�y���k�h�j�[�_�g�l�Z���*-BTMA 
Table 4. Range of calibration, correlation coefficients and limits of detection of anions for G-
BTMA resin 

�:�g�b�h�g �>�b�Z�i�Z�a�h�g���e�b�g�_�c�g�h�k�l�b���]�j�Z�^�m�b�j�h��
�\�h�q�g�h�c���a�Z�\�b�k�b�f�h�k�l�b�����f�]���^�f3 

r �I�j�_�^�_�e���h�[�g�Z�j�m��
�`�_�g�b�y�����f�d�]���^�f3 

F- 0.3-30 0.999 0.1 
Cl- 0.5-50 0.999 0.1 

NO2
- 0.5-50 0.999 0.2 

NO3
- 0.5-50 0.999 0.3 

SO4
2- 0.5-50 0.999 0.1 

PO4
3- 0.5-30 0.999 2 

 

�L�Z�[�e�b�p�Z���������K�h�^�_�j�`�Z�g�b�_���Z�g�b�h�g�h�\���b���h�p�_�g�d�Z���i�j�Z�\�b�e�v�g�h�k�l�b���h�i�j�_�^�_�e�_�g�b�y���Z�g�b�h�g�h�\���\���i�b�l�v�_�\�h�c��
�\�h�^�_���b���\�h�^�g�h�c���\�u�l�y�`�d�_���b�a���i�h�q�\�u 
Table 5. Content of anions and assessment of method accuracy for drinking water and soil aqueous 
extract 

�I�b�l�v�_�\�Z�y���\�h�^�Z 
�:�g�b�h�g �H�[�g�Z�j�m�`�_�g�h�����f�]���^�f3 �<�\�_�^�_�g�h�����f�]���e �G�Z�c�^�_�g�h�����f�]���^�f3 

F- 0.3 ± 0.1 0.5 0.9 ± 0.2 
Cl- 1.2 ± 0.1 1 2.3 ± 0.7 

NO3
- 0.6 ± 0.1 1 1.5 ± 0.2 

SO4
2- 13 ± 1 12 25 ± 1 

�I�h�q�\�Z 

�:�g�b�h�g �H�[�g�Z�j�m�`�_�g�h����
�f�]���^�f3 

�<�\�_�^�_�g�h�����f�]���^�f3 �G�Z�c�^�_�g�h�����f�]���^�f3 �H�[�g�Z�j�m�`�_�g�h���\��
�i�h�q�\�_�����f�]���d�] 

Cl- 4.2 ± 0.8 4 8.2 ± 0.9 21 ± 4 
SO4

2- 2.4 ± 0.2 2 4.4 ± 0.2 12 ± 1 
PO4

3- 3.7 ± 0.1 2 5.6 ± 0.9 19 ± 1 
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1.2.3685-21). �L�Z�d�b�f �h�[�j�Z�a�h�f �i�j�h�^�_�f�h�g��
�k�l�j�b�j�h�\�Z�g�h�� �q�l�h �i�h�e�m�q�_�g�g�u�c �Z�g�b�h�g�h�h�[��
�f�_�g�g�b�d �k �Z�^�k�h�j�[�b�j�h�\�Z�g�g�u�f �h�d�k�b�^�h�f �]�j�Z��
�n�_�g�Z �i�h�^�o�h�^�b�l �^�e�y �w�d�k�i�j�_�k�k�g�h�]�h �h�i�j�_�^�_��
�e�_�g�b�y �k�l�Z�g�^�Z�j�l�g�u�o �g�_�h�j�]�Z�g�b�q�_�k�d�b�o �Z�g�b�h��
�g�h�\ �\ �i�j�h�[�Z�o �i�b�l�v�_�\�h�c �\�h�^�u �b �i�h�q�\�u �i�j�b 
�w�d�h�e�h�]�b�q�_�k�d�h�f �f�h�g�b�l�h�j�b�g�]�_�� 

�A�Z�d�e�x�q�_�g�b�_ 

�L�Z�d�b�f �h�[�j�Z�a�h�f�� �i�h�^�o�h�^ �d �k�b�g�l�_�a�m �k�h�j��
�[�_�g�l�h�\ �k �b�k�i�h�e�v�a�h�\�Z�g�b�_�f �g�Z�g�h�k�e�h�y �Z�^�k�h�j��
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Gas-liquid  chromatography analysis of the mitochondrial  pool of free 
fatty  acids of Zea mays (L.) plants under the influence of kinetin  phyto-
hormone in different  aeration conditions 
 
Antonina N. Ershova1�. , I rina A. Sterligova2 
1Voronezh State Pedagogical University, Voronezh, Russian Federation, profershova@mail.ru �.  
2Voronezh State University, Voronezh, Russian Federation 
 
Abstract. Plant mitochondria play an important role in how plants respond to stress. Hypoxia, a form of stress 
caused by low content of oxygen in the environment, results in both morphological and metabolic adjustments 
in plants. Under stress, membrane lipids serve as substrates for the formation of various signalling molecules, 
which include lysophospholipids, phosphatidic acids, and free fatty acids. However, it is still unclear how 
phytohormones, in particular kinetin, affect the composition of free fatty acids of mitochondria, the primary 
energy organelle of plant cells, under various aeration conditions. During the experiment, a kinetin solution 
was injected into maize seedlings. Then the seedlings were transferred to various gaseous media. Free fatty 
acids were isolated by extraction of the lipid fraction with a mixture of hexane:isopropanol (3:2). The isolated 
free fatty acids were converted to methyl esters with diazomethane and separated by gas-liquid chromatog-
raphy. It was shown that under the influence of kinetin, the content of palmitic, stearic, and unsaturated linoleic 
acids increased in the mitochondrial pool of free fatty acids of maize seedlings, however this did not change 
the degree of unsaturation (U/S). Under short-term oxygen deficiency, the content of saturated fatty acids (C14 
and C20) decreased, while the content of unsaturated palmitoleic (C16:1) and linoleic (C18:2) acids increased. 
As a result, the degree of unsaturation grew from 0.57 to 0.72 under the conditions of hypoxia and to 0.62 in a 
CO2 medium. These changes may be due to increased breakdown of the phospholipid components of mito-
chondrial membranes under the conditions of oxygen deficiency, as was shown in our previous experiments. 
Pre-treatment of maize plants with the kinetin phytohormone, which has recently been used to increase the 
resistance of agricultural plants to various stresses, prevented a decrease in the content of saturated free fatty 
acids (C16 and C18) in the mitochondrial pool and the accumulation of palmitoleic (C16:1) and linoleic (C18:2) 
acids. This made it possible to maintain the level of unsaturation of free fatty acids (U/S) of mitochondria under 
the conditions of oxygen deficiency at the level of aerated plants. 
The conducted study showed that the protective effect of kinetin also includes the ability of this phytohormone 
to reduce in the mitochondrial pool of free fatty acids the content of unsaturated palmitoleic and linoleic acids, 
which serve as a substrate for lipoxygenases. This blocks the processes of free radical oxidation, protecting 
mitochondria membranes from oxidative destruction and disruption of ETC respiration under hypoxic stress 
and in a CO2 medium. 
Keywords: free fatty acids, mitochondria, kinetin, gas-liquid chromatography, maize seedlings, hypoxia, CO2 
medium 
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�k�d�h�]�h�� �f�_�l�Z�[�h�e�b�a�f�Z���� �b�]�j�Z�x�l�� �d�e�x�q�_�\�m�x��
�j�h�e�v���\���h�l�\�_�l�_���j�Z�k�l�_�g�b�c���g�Z���k�l�j�_�k�k�h�\�u�_���\�h�a��
�^�_�c�k�l�\�b�y���d�Z�d���[�b�h�l�b�q�_�k�d�h�c�����l�Z�d���b���Z�[�b�h�l�b��
�q�_�k�d�h�c�� �i�j�b�j�h�^�u [1]. �:�[�b�h�l�b�q�_�k�d�b�_��
�k�l�j�_�k�k�u���� �l�Z�d�b�_�� �d�Z�d�� �a�Z�k�m�o�Z���� �a�Z�k�h�e�_�g�b�_����
�`�Z�j�Z���� �o�h�e�h�^�� �b�� �g�Z�\�h�^�g�_�g�b�y���� �h�d�Z�a�u�\�Z�x�l��

�]�e�m�[�h�d�h�_���\�h�a�^�_�c�k�l�\�b�_���g�Z���j�h�k�l�� �b���\�u�`�b�\�Z��
�g�b�_���j�Z�k�l�_�g�b�c�����I�j�h�p�_�k�k�u���Z�^�Z�i�l�Z�p�b�b���b���l�h��
�e�_�j�Z�g�l�g�h�k�l�v���d���k�l�j�_�k�k�Z�f���l�j�_�[�m�x�l���k�e�h�`�g�u�o��
�f�_�o�Z�g�b�a�f�h�\�� �\�h�k�i�j�b�y�l�b�y���� �k�b�]�g�Z�e�b�a�Z�p�b�b�� �b��
�h�l�\�_�l�g�u�o���j�_�Z�d�p�b�c���g�Z���j�Z�a�g�u�o���m�j�h�\�g�y�o���h�j��
�]�Z�g�b�a�Z�p�b�b�� �j�Z�k�l�_�g�b�c�� �g�Z�� �k�l�j�_�k�k�� �>2]. �J�_�Z�d��
�p�b�y�� �j�Z�k�l�_�g�b�c�� �g�Z�� �g�_�[�e�Z�]�h�i�j�b�y�l�g�u�_�� �n�Z�d��
�l�h�j�u�� �\�g�_�r�g�_�c�� �k�j�_�^�u�� �\�k�_�]�^�Z�� �g�Z�i�j�Z�\�e�_�g�Z��
�g�Z�� �i�_�j�_�k�l�j�h�c�d�m�� �f�_�l�Z�[�h�e�b�q�_�k�d�b�o�� �i�j�h�p�_�k��
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�k�h�\���\���d�e�_�l�d�Z�o���l�Z�d�b�f���h�[�j�Z�a�h�f�����q�l�h�[�u���i�h�\�u��
�k�b�e�Z�k�v�� �k�l�_�i�_�g�v�� �b�o�� �a�Z�s�b�l�u�� �h�l�� �^�_�c�k�l�\�b�y��
�k�l�j�_�k�k�h�\�h�]�h�� �n�Z�d�l�h�j�Z���� �;�u�e�h�� �m�k�l�Z�g�h�\�e�_�g�h����
�q�l�h�� �k�i�h�k�h�[�g�h�k�l�v�� �j�Z�k�l�_�g�b�c�� �Z�^�Z�i�l�b�j�h��
�\�Z�l�v�k�y�� �d�� �w�d�k�l�j�_�f�Z�e�v�g�u�f�� �m�k�e�h�\�b�y�f�� �\�� �a�g�Z��
�q�b�l�_�e�v�g�h�c�� �k�l�_�i�_�g�b�� �h�[�m�k�e�h�\�e�_�g�Z�� �l�_�f�b��
�k�^�\�b�]�Z�f�b�����d�h�l�h�j�u�_���i�j�h�b�k�o�h�^�y�l���\���f�_�f�[�j�Z��
�g�Z�o���d�e�_�l�h�d�����\�d�e�x�q�Z�y���f�_�f�[�j�Z�g�u���f�b�l�h�o�h�g��
�^�j�b�c�� �>1,3�@���� �M�� �j�Z�k�l�_�g�b�c�� �]�b�i�h�d�k�b�y���� �d�Z�d��
�k�l�j�_�k�k���� �\�u�a�\�Z�g�g�u�c�� �g�b�a�d�b�f�� �k�h�^�_�j�`�Z�g�b�_�f��
�d�b�k�e�h�j�h�^�Z�� �\�� �k�j�_�^�_���� �d�h�l�h�j�u�c�� �b�g�^�m�p�b�j�m��
�_�l�k�y�� �a�Z�l�h�i�e�_�g�b�_�f�� �b�� �i�_�j�_�m�\�e�Z�`�g�_�g�b�_�f��
�i�h�q�\�� �b�e�b�� �g�_�i�j�h�g�b�p�Z�_�f�h�k�l�v�x�� �i�h�d�j�h�\�g�u�o��
�l�d�Z�g�_�c���h�j�]�Z�g�h�\�����l�j�_�[�m�_�l���g�_���l�h�e�v�d�h���f�h�j�n�h��
�e�h�]�b�q�_�k�d�b�o���� �g�h�� �b�� �f�_�l�Z�[�h�e�b�q�_�k�d�b�o�� �i�_�j�_��
�k�l�j�h�_�d�����>4-6�@�����<���i�h�k�e�_�^�g�b�_���]�h�^�u���[�h�e�v�r�h�_��
�\�g�b�f�Z�g�b�_�� �m�^�_�e�y�_�l�k�y�� �e�b�i�b�^�g�h�f�m���� �d�Z�d�� �k�h��
�\�h�d�m�i�g�h�k�l�b���\�k�_�o���e�b�i�b�^�h�\���j�Z�k�l�_�g�b�c�����d�h�l�h��
�j�u�c�� �k�m�s�_�k�l�\�_�g�g�h�� �b�a�f�_�g�y�_�l�k�y�� �i�j�b�� �^�_�c��
�k�l�\�b�b�� �g�_�[�e�Z�]�h�i�j�b�y�l�g�u�o�� �n�Z�d�l�h�j�h�\�� �\�g�_�r��
�g�_�c���k�j�_�^�u�����^�h�i�h�e�g�y�y���^�Z�g�g�u�_�����i�h�e�m�q�_�g�g�u�_��
�f�_�l�h�^�Z�f�b�� �l�j�Z�g�k�d�j�b�i�l�h�f�b�d�b�� �b�� �i�j�h��
�l�_�h�f�b�d�b�� �>7,8�@���� �B�a�� �i�h�e�y�j�g�u�o�� �e�b�i�b�^�h�\��
�g�Z�b�[�h�e�_�_���q�m�\�k�l�\�b�l�_�e�v�g�u���d���^�_�n�b�p�b�l�m���d�b�k��
�e�h�j�h�^�Z�� �h�d�Z�a�Z�e�b�k�v�� �n�h�k�n�h�e�b�i�b�^�u�� �>3,6,9]. 
�B�f�_�g�g�h���i�h�e�y�j�g�u�_���e�b�i�b�^�u�����d���d�h�l�h�j�u�f���h�l��
�g�h�k�y�l�� �n�h�k�n�h�e�b�i�b�^�u�� �b�� �]�e�b�d�h�e�b�i�b�^�u���� �y�\��
�e�y�x�l�k�y�� �b�g�l�_�]�j�Z�e�v�g�u�f�b�� �d�h�f�i�h�g�_�g�l�Z�f�b��
�d�e�_�l�h�q�g�u�o�� �f�_�f�[�j�Z�g���� �\�f�_�k�l�_�� �k�� �[�_�e�d�Z�f�b��
�h�i�j�_�^�_�e�y�x�l�� �b�o�� �k�l�j�m�d�l�m�j�m�� �b�� �n�m�g�d�p�b�b��
[3,6�@���� �I�j�b�� �g�_�[�e�Z�]�h�i�j�b�y�l�g�u�o�� �m�k�e�h�\�b�y�o����
�\�d�e�x�q�Z�y�� �]�b�i�h�d�k�b�x�����m�k�b�e�b�\�Z�_�l�k�y�� �j�Z�k�i�Z�^��
�n�h�k�n�h�e�b�i�b�^�h�\�� �i�h�^�� �^�_�c�k�l�\�b�_�f�� �n�h�k�n�h�e�b��
�i�Z�a�� �>3,10�@���� �q�l�h�� �i�j�b�\�h�^�b�l�� �d�� �g�Z�d�h�i�e�_�g�b�x��
�k�\�h�[�h�^�g�u�o�� �`�b�j�g�u�o�� �d�b�k�e�h�l��[9,11,12]. 
�B�f�_�g�g�h�� �k�\�h�[�h�^�g�u�_�� �`�b�j�g�u�_�� �d�b�k�e�h�l�u����
�k�i�h�k�h�[�g�u�� �\�u�k�l�m�i�Z�l�v�� �\�� �d�Z�q�_�k�l�\�_�� �\�l�h�j�b�q��
�g�u�o�� �f�_�g�_�^�`�_�j�h�\�� �\�� �i�j�h�p�_�k�k�Z�o�� �i�_�j�_�^�Z�q�b��
�k�b�]�g�Z�e�h�\���^�e�y���a�Z�i�m�k�d�Z���f�_�o�Z�g�b�a�f�h�\���a�Z�s�b�l�u��
�j�Z�k�l�_�g�b�c�� �h�l�� �k�l�j�_�k�k�h�\���� �H�[�j�Z�a�h�\�Z�\�r�b�_�k�y��
�k�\�h�[�h�^�g�u�_�� �`�b�j�g�u�_�� �d�b�k�e�h�l�u�� �f�h�]�m�l�� �b�a�f�_��
�g�y�l�v���i�j�h�g�b�p�Z�_�f�h�k�l�v���[�b�h�e�h�]�b�q�_�k�d�b�o���f�_�f��
�[�j�Z�g�� �a�Z�� �k�q�_�l�� �\�h�a�^�_�c�k�l�\�b�y�� �g�Z�� �b�h�g�g�u�_�� �d�Z��
�g�Z�e�u���b���i�j�h�l�h�g�g�u�_���g�Z�k�h�k�u���f�_�f�[�j�Z�g�����i�j�h��
�y�\�e�y�y���l�Z�d���g�Z�a�u�\�Z�_�f�h�_���^�_�l�_�j�]�_�g�h�i�h�^�h�[�g�h�_��
�^�_�c�k�l�\�b�_��[1,13�@�����>�Z�e�_�_���h�g�b���f�h�]�m�l���f�_�l�Z�[�h��
�e�b�a�b�j�h�\�Z�l�v�k�y���k���h�[�j�Z�a�h�\�Z�g�b�_�f�� �b���[�b�h�e�h�]�b��

�q�_�k�d�b���Z�d�l�b�\�g�u�o���k�h�_�^�b�g�_�g�b�c���l�b�i�Z���h�d�l�Z�^�_��
�d�Z�g�h�b�^�h�\���� �\�d�e�x�q�Z�y�� �b�� �`�Z�k�f�h�g�h�\�m�x�� �d�b�k��
�e�h�l�m���>12,14]. 

�J�Z�g�_�_�� �g�Z�f�b�� �[�u�e�h�� �i�h�d�Z�a�Z�g�h�� �>11�@���� �q�l�h�� �\��
�m�k�e�h�\�b�y�o���Z�g�Z�w�j�h�[�b�h�a�Z���\���d�e�_�l�d�Z�o���j�Z�k�l�_�g�b�c��
�\�� �n�h�g�^�_�� �k�\�h�[�h�^�g�u�o�� �`�b�j�g�u�o�� �d�b�k�e�h�l�� �i�j�h��
�b�k�o�h�^�y�l���a�g�Z�q�b�l�_�e�v�g�u�_���b�a�f�_�g�_�g�b�y�����k�\�y�a�Z�g��
�g�u�_�� �k �m�\�_�e�b�q�_�g�b�_�f�� �k�h�^�_�j�`�Z�g�b�y�� �i�Z�e�v�f�b��
�l�h�e�_�b�g�h�\�h�c���b���e�b�g�h�e�_�\�h�c���d�b�k�e�h�l�����W�l�h���i�j�h��
�b�k�o�h�^�b�e�h���\���j�_�a�m�e�v�l�Z�l�_���m�k�b�e�_�g�b�y���^�_�k�l�j�m�d��
�p�b�b���n�h�k�n�h�e�b�i�b�^�h�\���>15�@�����I�h�^�h�[�g�u�_���b�a�f�_��
�g�_�g�b�y�� �m�^�Z�e�h�k�v�� �g�Z�[�e�x�^�Z�l�v�� �d�Z�d�� �\�� �n�h�g�^�_��
�k�\�h�[�h�^�g�u�o�� �`�b�j�g�u�o�� �d�b�k�e�h�l�� �]�h�f�h�]�_�g�Z�l�Z����
�l�Z�d���b���f�b�l�h�o�h�g�^�j�b�c�����D�Z�d���m�k�l�Z�g�h�\�e�_�g�h�����n�b��
�l�h�]�h�j�f�h�g�u���b�]�j�Z�x�l���\�Z�`�g�m�x���j�h�e�v���\���i�h�\�u��
�r�_�g�b�b���m�k�l�h�c�q�b�\�h�k�l�b���j�Z�k�l�_�g�b�c���d���k�l�j�_�k�k�Z�f��
[3,16�@�����b�a�f�_�g�y�y���k�h�k�l�Z�\���b���k�h�h�l�g�h�r�_�g�b�_���h�l��
�^�_�e�v�g�u�o�� �i�j�_�^�k�l�Z�\�b�l�_�e�_�c�� �n�h�k�n�h�e�b�i�b�^�h�\����
�H�^�g�Z�d�h���� �h�k�l�Z�e�k�y�� �g�_�� �b�a�m�q�_�g�g�u�f�� �\�h�i�j�h�k�� �h��
�\�e�b�y�g�b�b�� �n�b�l�h�]�h�j�f�h�g�h�\���� �\�� �q�Z�k�l�g�h�k�l�b�� �d�b��
�g�_�l�b�g�Z�����g�Z���k�h�k�l�Z�\���k�\�h�[�h�^�g�u�o���`�b�j�g�u�o���d�b�k��
�e�h�l���f�b�l�h�o�h�g�^�j�b�c�����d�Z�d���h�k�g�h�\�g�h�c���w�g�_�j�]�_�l�b��
�q�_�k�d�h�c�� �h�j�]�Z�g�_�e�e�u�� �d�e�_�l�h�d�� �j�Z�k�l�_�g�b�c���� �\��
�m�k�e�h�\�b�y�o���j�Z�a�e�b�q�g�h�c���Z�w�j�Z�p�b�b�� 

�<�� �\�y�a�b�� �k�� �w�l�b�f�� �k�� �i�h�f�h�s�v�x�� �f�_�l�h�^�Z�� �]�Z��
�a�h�`�b�^�d�h�k�l�g�h�c�� �o�j�h�f�Z�l�h�]�j�Z�n�b�b�� �b�k�k�e�_�^�h��
�\�Z�e�b���f�_�l�Z�[�h�e�b�a�f���k�\�h�[�h�^�g�u�o���`�b�j�g�u�o���d�b�k��
�e�h�l���f�b�l�h�o�h�g�^�j�b�c���j�Z�k�l�_�g�b�c���d�m�d�m�j�m�a�u�����d�h��
�l�h�j�u�_���h�[�j�Z�[�Z�l�u�\�Z�e�b�k�v���n�b�l�h�]�h�j�f�h�g�h�f���d�b��
�g�_�l�b�g�h�f���b���i�_�j�_�g�h�k�b�e�b�k�v���\���m�k�e�h�\�b�y�o���Z�w�j�Z��
�p�b�b���b�e�b���^�_�n�b�p�b�l�Z���d�b�k�e�h�j�h�^�Z�� 

�W�d�k�i�_�j�b�f�_�g�l�Z�e�v�g�Z�y���q�Z�k�l�v 

�H�[�t�_�d�l�h�f���b�k�k�e�_�^�h�\�Z�g�b�y���y�\�e�y�e�b�k�v���i�j�h��
�j�h�k�l�d�b�� �d�m�d�m�j�m�a�u�� �k�h�j�l�Z�� �©�I�b�h�g�_�j�ª���� �d�h�l�h��
�j�u�_���\�u�j�Z�s�b�\�Z�e�b�k�v���f�_�l�h�^�h�f���]�b�^�j�h�i�h�g�b�d�b��
�\�� �l�_�q�_�g�b�_�� ������ �^�g�_�c���� �<�� �w�l�b�h�e�b�j�h�\�Z�g�g�u�_��
�i�j�h�j�h�k�l�d�b�� �[�_�a�� �d�h�j�g�_�c�� �b�� �k�_�f�y�^�h�e�_�c�� �k��
�l�j�Z�g�k�i�b�j�Z�p�b�h�g�g�u�f���l�h�d�h�f���\���l�_�q�_�g�b�_���������q��
�\�\�h�^�b�e�b���j�Z�k�l�\�h�j���d�b�g�_�l�b�g�Z�����������f�]���^�f3�������A�Z��
�l�_�f�� �i�j�h�j�h�k�l�d�b�� �i�_�j�_�g�h�k�b�e�b�� �g�Z�� ���� �q�Z�k�h�\�� �\��
�a�Z�l�_�f�g�_�g�g�u�_�� �\�Z�d�m�m�f-�w�d�k�b�d�Z�l�h�j�u���� �q�_�j�_�a��
�d�h�l�h�j�u�_���i�j�h�i�m�k�d�Z�e�b���]�Z�a�h�\�u�_���k�j�_�^�u���� �\�h�a��
�^�m�o�� ���d�h�g�l�j�h�e�v������ �Z�a�h�l�� ���k�h�^�_�j�`�Z�g�b�_�� �d�b�k�e�h��
�j�h�^�Z�������������Y���Y�����b���m�]�e�_�d�b�k�e�u�c���]�Z�a�����b�a���[�Z�e��
�e�h�g�h�\������ �D�Z�d�� �i�h�d�Z�a�Z�e�b�� �i�j�h�\�_�^�_�g�g�u�o�� �g�Z�f�b��
�j�Z�g�_�_�� �h�i�u�l�u�� �>15,17�@���� �i�j�b�� �l�Z�d�h�c�� �w�d�k�i�h�a�b��
�p�b�b���h�l�f�_�q�Z�e�b�k�v���g�Z�b�[�h�e�v�r�b�_���b�a�f�_�g�_�g�b�y���\��



 

�K�h�j�[�p�b�h�g�g�u�_���b���o�j�h�f�Z�l�h�]�j�Z�n�b�q�_�k�d�b�_���i�j�h�p�_�k�k�u����������5�����L. 25�����‹��5. �K. 750-758. 
Sorbtsionnye i khromatograficheskie protsessy. 2025. Vol. 25, No 5. pp. 750-758. 
 
ISSN 1680-0613_____________________________________________________________ 

 

 

 
 

753  

�k�h�k�l�Z�\�_���k�\�h�[�h�^�g�u�o���`�b�j�g�u�o���d�b�k�e�h�l���f�b�l�h��
�o�h�g�^�j�b�c���i�j�h�j�h�k�l�d�h�\���d�m�d�m�j�m�a�u���� 

�<�u�^�_�e�_�g�b�_���k�\�h�[�h�^�g�u�o���`�b�j�g�u�o���d�b�k�e�h�l��
�i�j�h�\�h�^�b�e�b�� �f�_�l�h�^�h�f [6�@���� �>�e�y�� �w�d�k�l�j�Z�d�p�b�b��
�b�k�i�h�e�v�a�h�\�Z�e�b���k�f�_�k�v���]�_�d�k�Z�g�������b�a�h�i�j�h�i�Z�g�h�e��
������������ �\�� �i�j�b�k�m�l�k�l�\�b�b�� �Z�g�l�b�h�d�k�b�^�Z�g�l�Z��
�b�h�g�h�e�Z�����������������������d�h�l�h�j�u�c���i�j�_�^�h�l�\�j�Z�s�Z�_�l��
�i�j�h�p�_�k�k�u�� �i�_�j�_�d�b�k�g�h�]�h���h�d�b�k�e�_�g�b�y���e�b�i�b��
�^�h�\�� �b�� �`�b�j�g�u�o�� �d�b�k�e�h�l���� �I�h�e�m�q�_�g�g�u�c�� �w�d�k��
�l�j�Z�d�l���h�[�j�Z�[�Z�l�u�\�Z�e�b���������1�D2SO4 �^�e�y���h�l�^�_��
�e�_�g�b�y���\�h�^�h�j�Z�k�l�\�h�j�b�f�u�o���i�j�b�f�_�k�_�c�����D���w�d�k��
�l�j�Z�d�l�m���^�h�[�Z�\�e�y�e�b���k�g�Z�q�Z�e�Z���^�\�h�c�g�h�c���h�[�t�_�f��
���������G���d�Z�e�b�c�g�h�c���s�_�e�h�q�b�����Z���a�Z�l�_�f���b�a�h�i�j�h��
�i�Z�g�h�e���� �<�_�j�o�g�b�c�� �k�e�h�c���� �d�h�l�h�j�u�c�� �k�h�^�_�j�`�Z�e��
�d�Z�e�b�c�g�u�_���k�h�e�b���`�b�j�g�u�o���d�b�k�e�h�l�����h�l�f�u�\�Z�e�b��
�i�_�l�j�h�e�_�c�g�u�f�� �w�n�b�j�h�f�� �b�� �i�h�^�d�b�k�e�y�e�b�� ��������
�j�Z�k�l�\�h�j�h�f�� �+�&�O�� �^�h�� �j�G�� ������ �^�e�y���i�_�j�_�\�h�^�Z�� �\��
�k�\�h�[�h�^�g�u�_�� �`�b�j�g�u�_�� �d�b�k�e�h�l�u���� �K�\�h�[�h�^�g�u�_��
�`�b�j�g�u�_�� �d�b�k�e�h�l�u�� �w�d�k�l�j�Z�]�b�j�h�\�Z�e�b�� �i�_�l�j�h��
�e�_�c�g�u�f�� �w�n�b�j�h�f���� �i�h�e�m�q�_�g�g�u�c�� �w�d�k�l�j�Z�d�l��
�m�i�Z�j�b�\�Z�e�b���\���l�h�d�_���Z�a�h�l�Z���>6�@���b���^�Z�e�_�_���j�Z�k�l�\�h��
�j�y�e�b���\���]�_�d�k�Z�g�_�� 

�F�_�l�b�e�b�j�h�\�Z�g�b�_���`�b�j�g�u�o���d�b�k�e�h�l �i�j�h�\�h��
�^�b�e�b���i�h���f�_�l�h�^�m���>13�@���k���g�Z�r�b�f�b���f�h�^�b�n�b�d�Z��
�p�b�y�f�b�� �>11�@�� �k�� �b�k�i�h�e�v�a�h�\�Z�g�b�_�f�� �^�b�Z�a�h�f�_��
�l�Z�g�Z���� �I�h�e�m�q�Z�e�b �^�b�Z�a�h�f�_�l�Z�g�� �\�� �a�Z�f�d�g�m�l�h�c��
�k�b�k�l�_�f�_�� �b�� �l�h�d�h�f�� �k�m�o�h�]�h�� �\�h�a�^�m�o�Z�� �g�Z�i�j�Z�\��
�e�y�e�b���\���i�j�h�[�b�j�d�m�����k�h�^�_�j�`�Z�s�m�x���j�Zc�l�\�h�j�_�g��
�g�u�_���\���]�_�d�k�Z�g�_���`�b�j�g�u�_���d�b�k�e�h�l�u�����H�[���h�d�h�g��
�q�Z�g�b�b�� �f�_�l�b�e�b�j�h�\�Z�g�b�y�� �k�m�^�b�e�b�� �i�h�� �h�[�j�Z�a�h��
�\�Z�g�b�x���k�l�h�c�d�h�c���`�_�e�l�h�c���h�d�j�Z�k�d�b���j�Z�k�l�\�h�j�Z����
�H�[�t�_�f�� �i�j�h�[�� �f�_�l�b�e�h�\�u�o�� �w�n�b�j�h�\�� �`�b�j�g�u�o��
�d�b�k�e�h�l�� �^�h�\�h�^�b�e�b�� �^�h�� ������-�������� �k�f3 �k�� �i�h�f�h��
�s�v�x���i�j�h�^�m�\�d�b���l�h�d�h�f���Z�a�h�l�Z���b�a���[�Z�e�e�h�g�Z�� 

�F�_�l�b�e�h�\�u�_���w�n�b�j�u���`�b�j�g�u�o���d�b�k�e�h�l���Z�g�Z��
�e�b�a�b�j�h�\�Z�e�b �f�_�l�h�^�h�f�� �]�Z�a�h�`�b�^�d�h�k�l�g�h�c��
�o�j�h�f�Z�l�h�]�j�Z�n�b�b���� �b�k�i�h�e�v�a�m�y�� �o�j�h�f�Z�l�h�]�j�Z�n��
�©�&�K�U�R�P�� �����ª�� ���Q�_�o�b�y���� �k�� �i�e�Z�f�_�g�g�h-�b�h�g�b�a�Z��
�p�b�h�g�g�u�f���^�_�l�_�d�l�h�j�h�f���b���d�h�e�h�g�d�h�c���������f�����a�Z��
�i�h�e�g�_�g�g�h�c�� �������� �I�W�=�K�� �g�Z�� �o�j�h�f�Z�l�h�g�_�� �1-
�$�:�� ���©�&�K�H�P�D�S�R�O�ª���� �Q�_�o�b�y������ �L�_�f�i�_�j�Z�l�m�j�Z��
�d�Z�f�_�j�u�� �b�k�i�Z�j�_�g�b�y�� �k�h�k�l�Z�\�e�y�e�Z�� �������h�K���� �Z��
�l�_�j�f�h�k�l�Z�l�Z���± 190�h�K���� �>�e�y�� �j�Z�a�^�_�e�_�g�b�y�� �b�k��
�i�h�e�v�a�h�\�Z�e�b�� �b�a�h�l�_�j�f�b�q�_�k�d�b�c�� �j�_�`�b�f����
�H�[�t�z�f�� �i�j�h�[�u�� �k�h�k�l�Z�\�e�y�e�� ��-���� �f�d�e���� �K�d�h��
�j�h�k�l�v���]�Z�a�Z���g�h�k�b�l�_�e�y�����]�_�e�b�y�����b���\�h�^�h�j�h�^�Z���± 
�������k�f3���f�b�g�����\�h�a�^�m�o�Z���± ���������k�f3���f�b�g���>11]. 

�I�b�d�b���f�_�l�b�e�h�\�u�o���w�n�b�j�h�\���`�b�j�g�u�o���d�b�k��
�e�h�l�� �g�Z�� �o�j�h�f�Z�l�h�]�j�Z�f�f�Z�o�� �b�^�_�g�l�b�n�b�p�b�j�h��
�\�Z�e�b�� �i�h�� �\�j�_�f�_�g�b�� �\�u�o�h�^�Z�� �k�� �d�h�e�h�g�d�b�� �b�� �\��
�k�j�Z�\�g�_�g�b�b�� �k�h�� �k�l�Z�g�^�Z�j�l�g�u�f�� �g�Z�[�h�j�h�f���� �<��
�d�Z�q�_�k�l�\�_�� �k�l�Z�g�^�Z�j�l�Z�� �b�k�i�h�e�v�a�h�\�Z�e�b�� �D-101 
�0�L�[�W�X�U�H���=�R�W���������������©�6�L�J�P�D�ª�����K�R�:�������k�h�^�_�j��
�`�Z�s�b�f�� �f�_�l�b�e�h�\�u�_�� �w�n�b�j�u�� �d�Z�i�j�b�g�h�\�h�c��
���K������������ �e�Z�m�j�b�g�h�\�h�c�����K�������������� �f�b�j�b�k�l�b�g�h��
�\�h�c�����K���������������i�Z�e�v�f�b�l�b�g�h�\�h�c�����K���������������k�l�_��
�Z�j�b�g�h�\�h�c�� ���K������������ �b�� �Z�j�Z�o�b�g�h�\�h�c�� ���K������������
�d�b�k�e�h�l�����B�k�i�h�e�v�a�h�\�Z�e�b���l�Z�d���`�_���k�f�_�k�v���f�_�l�b��
�e�h�\�u�o�� �w�n�b�j�h�\���� �\�d�e�x�q�Z�x�s�_�c�� �f�_�l�b�e�h�\�u�_��
�w�n�b�j�u���i�Z�e�v�f�b�l�b�g�h�\�h�c�����K���������������k�l�_�Z�j�b�g�h��
�\�h�c�����K���������������h�e�_�b�g�h�\�h�c�����K�������������b���e�b�g�h�e�_��
�\�h�c�� ���K������������ �d�b�k�e�h�l�� ���©�6�H�U�Y�D�ª���� �=�_�j�f�Z�g�b�y������
�K�h�^�_�j�`�Z�g�b�_�� �`�b�j�g�u�o�� �d�b�k�e�h�l�� �h�i�j�_�^�_�e�y�e�b��
�\���h�l�g�h�k�b�l�_�e�v�g�u�o���\�_�e�b�q�b�g�Z�o�����j�Z�k�k�q�b�l�u�\�Z�y��
�i�h�� �i�e�h�s�Z�^�b�� �i�b�d�h�\���� �b�� �\�u�j�Z�`�Z�e�b�� �\�� ���� �h�l��
�k�m�f�f�u�� �i�e�h�s�Z�^�_�c�� �\�k�_�o�� �h�[�g�Z�j�m�`�_�g�g�u�o��
�d�b�k�e�h�l���g�Z���o�j�h�f�Z�l�h�]�j�Z�f�f�_�����H�^�g�h�\�j�_�f�_�g�g�h��
�j�Z�k�k�q�b�l�u�\�Z�e�b�� �b�� �k�h�h�l�g�h�r�_�g�b�_�� �g�_�g�Z�k�u��
�s�_�g�g�u�o�� ��U���� �b�� �g�Z�k�u�s�_�g�g�u�o�� ���6���� �`�b�j�g�u�o��
�d�b�k�e�h�l��U/S). 

�<�k�_�� �h�i�j�_�^�_�e�_�g�b�y�� �i�j�h�\�h�^�b�e�b�� �\�� �^�\�m�o��
�[�b�h�e�h�]�b�q�_�k�d�b�o���b���^�\�m�o���Z�g�Z�e�b�l�b�q�_�k�d�b�o���i�h��
�\�l�h�j�g�h�k�l�y�o���� �D�Z�`�^�u�c�� �h�i�u�l�� �i�h�\�l�h�j�y�e�b�� �g�_��
�f�_�g�_�_�� ��-���� �j�Z�a���� �<�� �l�Z�[�e�b�p�Z�o�� �i�j�_�^�k�l�Z�\�e�_�g�u��
�^�Z�g�g�u�_�� �h�^�g�h�]�h�� �b�a�� �l�b�i�b�q�g�u�o�� �h�i�u�l�h�\�� �\��
�\�b�^�_�� �k�j�_�^�g�b�o�� �Z�j�b�n�f�_�l�b�q�_�k�d�b�o�� �a�g�Z�q�_�g�b�c��
�b���b�o���k�l�Z�g�^�Z�j�l�g�u�o���h�l�d�e�h�g�_�g�b�c�����>�e�y���j�Z�k�q�_��
�l�h�\�� �b�k�i�h�e�v�a�h�\�Z�e�b�� �i�Z�d�_�l�� �i�j�h�]�j�Z�f�f��
�0�L�F�U�R�V�R�I�W���(�[�F�H�O�����h�[�k�m�`�^�Z�x�l�k�y���k�l�Z�l�b�k�l�b�q�_��
�k�d�b���^�h�k�l�h�\�_�j�g�u�_���j�Z�a�e�b�q�b�y���i�j�b���j�������������� 

�H�[�k�m�`�^�_�g�b�_���j�_�a�m�e�v�l�Z�l�h�\ 

�<�� �l�Z�[�e�������� �i�j�b�\�_�^�_�g�u�� �j�_�a�m�e�v�l�Z�l�u�� �Z�g�Z��
�e�b�a�Z���k�\�h�[�h�^�g�u�o���`�b�j�g�u�o���d�b�k�e�h�l���f�b�l�h�o�h�g��
�^�j�b�Z�e�v�g�h�]�h�� �n�h�g�^�Z�� �i�j�h�j�h�k�l�d�h�\�� �d�m�d�m�j�m�a�u����
�h�[�j�Z�a�h�\�Z�g�b�_�� �d�h�l�h�j�u�o�� �k�\�y�a�Z�g�h�� �k�� �i�j�_�\�j�Z��
�s�_�g�b�_�f�� �n�h�k�n�h�e�b�i�b�^�h�\�� �>13,18,19�@���� �<�� �k�h��
�k�l�Z�\�_�� �k�\�h�[�h�^�g�u�o�� �`�b�j�g�u�o�� �d�b�k�e�h�l�� �f�b�l�h��
�o�h�g�^�j�b�c�� �i�j�b�k�m�l�k�l�\�h�\�Z�e�b�� �d�b�k�e�h�l�u�� �K����- , 
�K����-�����K������-�b���K����- �j�y�^�Z�����d�h�l�h�j�u�_���\���k�m�f�f�_��
�k�h�k�l�Z�\�e�y�e�b���������������h�l���\�k�_�o���h�[�g�Z�j�m�`�_�g�g�u�o��
�`�b�j�g�u�o�� �d�b�k�e�h�l�� �g�Z�� �o�j�h�f�Z�l�h�]�j�Z�f�f�Z�o���� �q�l�h��
�k�h�\�i�Z�^�Z�_�l�� �k�� �j�_�a�m�e�v�l�Z�l�Z�f�b�� �i�j�_�^�u�^�m�s�b�o��
�g�Z�r�b�o�� �h�i�u�l�h�\�� �>11�@���� �>�h�f�b�g�b�j�m�x�s�b�f�b��
�k�j�_�^�b���g�Z�k�u�s�_�g�g�u�o���`�b�j�g�u�o���d�b�k�e�h�l���[�u�e�b��
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�i�Z�e�v�f�b�l�b�g�h�\�Z�y���d�b�k�e�h�l�Z���K�������������� �k�h�^�_�j�`�Z��
�g�b�_�� �d�h�l�h�j�h�c�� �k�h�k�l�Z�\�e�y�e�h�� ���������������� �Z�� �b�a���g�_��
�g�Z�k�u�s�_�g�g�u�o�� �`�b�j�g�u�o�� �d�b�k�e�h�l�� �i�Z�e�v�f�b�l�h��
�e�_�b�g�h�\�Z�y�� ���K�������������� �k�h�^�_�j�`�Z�g�b�_�� �d�h�l�h�j�h�c��
�^�h�o�h�^�b�e�h�� �^�h�� �������������� �h�l�� �k�m�f�f�u�� �\�k�_�o�� �k�\�h��
�[�h�^�g�u�o�� �`�b�j�g�u�o�� �d�b�k�e�h�l�� �f�b�l�h�o�h�g�^�j�b�c����
�I�h�^�h�[�g�u�c�� �k�h�k�l�Z�\�� �k�\�h�[�h�^�g�u�o�� �`�b�j�g�u�o��
�d�b�k�e�h�l�� �f�u�� �m�`�_�� �h�[�g�Z�j�m�`�b�\�Z�e�b�� �b�� �j�Z�g�_�_��
[17�@�����d�h�]�^�Z���\���d�Z�q�_�k�l�\�_���h�[�t�_�d�l�Z���[�u�e���\�u�[�j�Z�g��
�b�f�_�g�g�h�� �w�l�h�l�� �k�h�j�l�� �j�Z�k�l�_�g�b�c�� �d�m�d�m�j�m�a�u����
�I�j�b�� �h�[�j�Z�[�h�l�d�_�� �j�Z�k�l�_�g�b�c�� �n�b�l�h�]�h�j�f�h�g�h�f��
�d�b�g�_�l�b�g�h�f�� �h�l�f�_�q�Z�e�b�k�v�� �b�a�f�_�g�_�g�b�y�� �\�� �k�h��
�^�_�j�`�Z�g�b�b���\�k�_�o���h�[�g�Z�j�m�`�_�g�g�u�o���k�\�h�[�h�^�g�u�o��
�`�b�j�g�u�o���d�b�k�e�h�l���f�b�l�h�o�h�g�^�j�b�c�����<�h�a�j�Z�k�l�Z�e�h��
�k�h�^�_�j�`�Z�g�b�_���`�b�j�g�u�o���d�b�k�e�h�l���K����-�j�y�^�Z�����l�Z��
�d�b�o�� �d�Z�d�� �i�Z�e�v�f�b�l�b�g�h�\�Z�y�� �b�� �k�l�_�Z�j�b�g�h�\�Z�y��
�d�b�k�e�h�l�u���� �^�h�� �����������“������������ �b�� �����������“������������
�k�h�h�l�\�_�l�k�l�\�_�g�g�h���� �M�f�_�g�v�r�Z�e�h�k�v�� �k�h�^�_�j�`�Z��
�g�b�_���`�b�j�g�u�o���d�b�k�e�h�l���K����- �b���K����- �j�y�^�Z�����g�h��
�h�l�f�_�q�Z�e�h�k�v���m�\�_�e�b�q�_�g�b�_���k�h�^�_�j�`�Z�g�b�y���g�_�g�Z��
�k�u�s�_�g�g�h�c�� �e�b�g�h�e�_�\�h�c�� �d�b�k�e�h�l�u�� ���K��������������
�I�j�b �i�_�j�_�g�_�k�_�g�b�b�� �i�j�h�j�h�k�l�d�h�\�� �\�� �m�k�e�h�\�b�y��
�d�j�Z�l�d�h�\�j�_�f�_�g�g�h�]�h�� �^�_�n�b�p�b�l�Z�� �d�b�k�e�h�j�h�^�Z��
�i�j�h�b�k�o�h�^�b�e�h�� �k�g�b�`�_�g�b�_�� �k�h�^�_�j�`�Z�g�b�y�� �\�k�_�o��
�g�Z�k�u�s�_�g�g�u�o���`�b�j�g�u�o���d�b�k�e�h�l�����g�h���i�h�\�u�r�Z��
�e�h�k�v�� �k�h�^�_�j�`�Z�g�b�_�� �g�_�g�Z�k�u�s�_�g�g�u�o���� �i�Z�e�v��

�f�b�l�h�e�_�b�g�h�\�h�c���^�h�������������“���������������b���e�b�g�h�e�_��
�\�h�c�� �d�b�k�e�h�l�u�� �^�h�� �����������“�������������� �<�� �j�_�a�m�e�v��
�l�Z�l�_���i�h�^�h�[�g�u�o���b�a�f�_�g�_�g�b�c���h�l�f�_�q�Z�e�h�k�v���i�h��
�\�u�r�_�g�b�_�� �m�j�h�\�g�y�� �g�_�g�Z�k�u�s�_�g�g�h�k�l�b�� �k�\�h��
�[�h�^�g�u�o���`�b�j�g�u�o���d�b�k�e�h�l���k�������������^�h�������������i�j�b��
�]�b�i�h�d�k�b�b���b���^�h�������������i�j�b���^�_�c�k�l�\�b�b���\�u�k�h�d�b�o��
�d�h�g�p�_�g�l�j�Z�p�b�c�� �^�b�h�d�k�b�^�Z�� �m�]�e�_�j�h�^�Z�� ���K�H2-
�k�j�_�^�u�� ���l�Z�[�e������.  

�I�j�_�^�\�Z�j�b�l�_�e�v�g�Z�y�� �h�[�j�Z�[�h�l�d�Z�� �i�j�h�j�h�k�l��
�d�h�\�� �d�m�d�m�j�m�a�u�� �n�b�l�h�]�h�j�f�h�g�h�f�� �d�b�g�_�l�b�g�h�f��
�k�]�e�Z�`�b�\�Z�e�Z�� �i�h�^�h�[�g�u�_�� �b�a�f�_�g�_�g�b�y�� �\�� �k�h�h�l��
�g�h�r�_�g�b�b�� �g�Z�k�u�s�_�g�g�u�_�� �b�� �g�_�g�Z�k�u�s�_�g�g�u�_��
�`�b�j�g�u�_���d�b�k�e�h�l�u�����<���m�k�e�h�\�b�y�o���]�b�i�h�d�k�b�b���m��
�h�[�j�Z�[�h�l�Z�g�g�u�o���d�b�g�_�l�b�g�h�f���j�Z�k�l�_�g�b�c���i�h�d�Z��
�a�Z�l�_�e�v���k�l�_�i�_�g�b���g�_�g�Z�k�u�s�_�g�g�h�k�l�b��U/S �`�b�j��
�g�u�o�� �d�b�k�e�h�l�� �\�� �f�b�l�h�o�h�g�^�j�b�y�o�� �k�h�k�l�Z�\�e�y�e��
������������ �Z�� �i�j�b�� �^�_�c�k�l�\�b�b�� �K�H2-�k�j�_�^�u�� �h�g�� �k�g�b��
�a�b�e�k�y�� �^�h�� ������������ �q�l�h�� �i�j�b�[�e�b�`�Z�e�h�k�v�� �d��
�m�j�h�\�g�x�� �Z�w�j�b�j�m�_�f�u�o�� �i�j�h�j�h�k�l�d�h�\���� �G�m�`�g�h��
�h�l�f�_�l�b�l�v���� �q�l�h�� �i�j�h�p�_�k�k�u�� �g�h�j�f�Z�e�b�a�Z�p�b�b��
�m�j�h�\�g�y�� �g�_�g�Z�k�u�s�_�g�g�h�k�l�b�� �`�b�j�g�u�o�� �d�b�k�e�h�l��
�\�� �f�b�l�h�o�h�g�^�j�b�Z�e�v�g�h�f�� �n�h�g�^�_�� �i�j�h�j�h�k�l�d�h�\��
�d�m�d�m�j�m�a�u�� �[�u�e�b�� �k�\�y�a�Z�g�u�� �k�� �i�h�\�u�r�_�g�b�_�f��
�k�h�^�_�j�`�Z�g�b�y�� �f�h�g�h�_�g�h�\�u�o�� �`�b�j�g�u�o�� �d�b�k�e�h�l��
�g�Z���n�h�g�_���g�_�d�h�l�h�j�h�]�h���i�Z�^�_�g�b�y���k�h�^�_�j�`�Z�g�b�y��
�^�b�_�g�h�\�u�o�� �d�b�k�e�h�l���� �I�h�e�m�q�_�g�g�u�_�� �j�_�a�m�e�v��
�l�Z�l�u�� �k�h�\�i�Z�^�Z�e�b�� �k�� �^�Z�g�g�u�f�b�� �i�j�_�^�u�^�m�s�b�o��

�L�Z�[�e�b�p�Z�������K�h�k�l�Z�\���k�\�h�[�h�^�g�u�o���`�b�j�g�u�o���d�b�k�e�h�l���f�b�l�h�o�h�g�^�j�b�c���i�j�h�j�h�k�l�d�h�\���d�m�d�m�j�m�a�u���i�j�b���^�_�c��
�k�l�\�b�b���d�b�g�_�l�b�g�Z���\���j�Z�a�g�u�o���m�k�e�h�\�b�y�o���Z�w�j�Z�p�b�b���������h�l���k�m�f�f�u�� 
Table 1. Composition of free fatty acids of mitochondria of maize seedlings under the influence 
of kinetin under various aeration conditions (% of the total) 

�<�Z�j�b�Z�g�l 
�@�b�j�g�u�_���d�b�k�e�h�l�u 

14:0 16:0 16:1 18:0 18:2 20:0 
�<�h�a�^�m�o�����d�h�g�l�j�h�e�v�� 

�<�h�a�^�m�o 18.65± 
0.33 

24.42± 
0.41 

18.42± 
0.51 

15.24± 
0.72 

12.06± 
0.78 

8.63± 
0.23 

�����d�b�g�_�l�b�g 13.25± 
0.31 

28.75± 
0.73 

18.78± 
0.63 

20.15± 
0.78 

14.38± 
0.21 

6.97± 
0.58 

�=�b�i�h�d�k�b�y 

�=�b�i�h�d�k�b�y 13.86± 
0.25 

21.83± 
0.40 

20.16± 
0.30 

15.03± 
0.31 

17.84± 
0.55 

12.53± 
0.34 

�����d�b�g�_�l�b�g 17.75± 
0.21 

24.73± 
0.34 

22.58± 
1.02 

13.77± 
0.54 

15.71±0 
.43 

9.43± 
0.72 

�K�H2-�k�j�_�^�Z 

�K�H2-�k�j�_�^�Z 17.65± 
0.31 

29.65± 
1.21 

11.65± 
0.33 

16.15 
±0.73 

13.84± 
0.25 

2.66± 
0.22 

�����d�b�g�_�l�b�g 16.78± 
0.62 

25.72 
±1.50 

7.33± 
0.09 

13.11± 
0.22 

7.80± 
0.55 

2.03± 
0.13 
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�g�Z�r�b�o�� �h�i�u�l�h�\���� �\�� �d�h�l�h�j�u�o�� �b�k�k�e�_�^�h�\�Z�e�b����
�k�\�h�[�h�^�g�u�_�� �`�b�j�g�u�_�� �d�b�k�e�h�l�u�� �]�h�f�h�]�_�g�Z�l�Z��
�i�j�h�j�h�k�l�d�h�\���d�m�d�m�j�m�a�u���>11]. 

�A�Z�d�e�x�q�_�g�b�_ 

�D�Z�d�� �m�`�_�� �h�l�f�_�q�Z�e�h�k�v��[20,14]���� �i�j�b�� �j�Z�a��
�e�b�q�g�u�o���k�l�j�_�k�k�Z�o���b�f�_�g�g�h���f�_�f�[�j�Z�g�g�u�_���e�b��
�i�b�^�u�� �j�Z�k�l�_�g�b�c�� �f�h�]�m�l�� �k�e�m�`�b�l�v�� �k�m�[�k�l�j�Z��
�l�Z�f�b�� �^�e�y�� �h�[�j�Z�a�h�\�Z�g�b�y�� �k�b�]�g�Z�e�v�g�u�o�� �f�h�e�_��
�d�m�e�����g�_�h�[�o�h�^�b�f�u�o���^�e�y���Z�d�l�b�\�Z�p�b�b���Z�^�Z�i�l�Z��

�p�b�h�g�g�u�o�� �i�j�h�p�_�k�k�h�\���� �d�� �d�h�l�h�j�u�f�� �g�Z�� �^�Z�g��
�g�u�c�� �f�h�f�_�g�l�� �b�� �h�l�g�h�k�y�l���e�b�a�h�n�h�k�n�h�e�b��
�i�b�^�u���� �n�h�k�n�Z�l�b�^�g�u�_�� �d�b�k�e�h�l�u���� �h�d�k�b�e�b��
�i�b�g�u�� �b�� �k�\�h�[�h�^�g�u�_�� �`�b�j�g�u�_�� �d�b�k�e�h�l�u�� �H�[��
�j�Z�a�h�\�Z�g�b�_�� �k�\�h�[�h�^�g�u�o�� �`�b�j�g�u�o�� �d�b�k�e�h�l�� �\��
�d�e�_�l�d�Z�o�� �j�Z�k�l�_�g�b�c�� �k�\�y�a�u�\�Z�x�l�� �k�� �n�_�j�f�_�g��
�l�Z�f�b�� �n�h�k�n�h�e�b�i�Z�a�Z�f�b���� �Z�d�l�b�\�g�h�k�l�v�� �d�h�l�h��
�j�u�o�� �\�h�a�j�Z�k�l�Z�_�l�� �i�j�b�� �^�_�c�k�l�\�b�b�� �Z�[�b�h�l�b�q�_��
�k�d�b�o���k�l�j�_�k�k�h�\���� �\�d�e�x�q�Z�y���Z�g�h�d�k�b�x���b�e�b���]�b��
�i�h�d�k�b�x�� �>9,10,12], �d�j�Z�l�d�h�\�j�_�f�_�g�g�h�_��
[1,21,22] �b�e�b �^�e�b�l�_�e�v�g�h�_�� �h�o�e�Z�`�^�_�g�b�_��

�L�Z�[�e�b�p�Z���������<�e�b�y�g�b�_���d�b�g�_�l�b�g�Z���b���m�k�e�h�\�b�c���Z�w�j�Z�p�b�b���g�Z���j�Z�k�i�j�_�^�_�e�_�g�b�_���k�\�h�[�h�^�g�u�o���`�b�j�g�u�o���d�b�k�e�h�l��
�f�b�l�h�o�h�g�^�j�b�Z�e�v�g�h�]�h���n�h�g�^�Z���i�j�h�j�h�k�l�d�h�\���d�m�d�m�j�m�a�u���i�h���k�l�_�i�_�g�b���g�Z�k�u�s�_�g�g�h�k�l�b���������h�l���k�m�f�f�u�� 
Table 2. Effect of kinetin and aerating conditions on content and distribution of free fatty acids in 
mitochondrial fund of maize seedlings (% of total) 

�<�Z�j�b�Z�g�l 
�@�b�j�g�u�_���d�b�k�e�h�l�u 

�g�Z�k�u�s�_�g�g�u�_��
(S) 

�g�_�g�Z�k�u�s�_�g�g�u�_��
(U) U/S �f�h�g�h�_�g�h�\�u�_ �^�b�_�g�h�\�u�_ 

�<�h�a�^�m�o�����d�h�g�l�j�h�e�v�� 
�<�h�a�^�m�o 53.31 30.48 0.57 18.42±0.51 12.06±0.78 

�����d�b�g�_�l�b�g 62.14 32.94 0.53 18.76±0.64 14.38±0.21 
�=�b�i�h�d�k�b�y 

�=�b�i�h�d�k�b�y 50.72 35.85 0.72 20.16±0.30 17.84±0.55 
�����d�b�g�_�l�b�g 56.30 38.29 0.56 22.58±1.02 15.71±0.43 

�K�H2-�k�j�_�^�Z 
�K�H2-�k�j�_�^�Z 63.36 39.59 0.62 11.65±0.32 13.84±0.25 
�����d�b�g�_�l�b�g 59.10 32.08 0.54 7.33±0.09 7.80±0.55 

 

 
�J�b�k�����O�j�h�f�Z�l�h�]�j�Z�f�f�Z���k�\�h�[�h�^�g�u�o���`�b�j�g�u�o���d�b�k�e�h�l���f�b�l�h�o�h�g�^�j�b�c���i�j�h�j�h�k�l�d�h�\���d�m�d�m�j�m�a�u���i�j�b��

�^�_�c�k�l�\�b�b���d�b�g�_�l�b�g�Z���\���m�k�e�h�\�b�y�o���Z�w�j�Z�p�b�b�����Z���± �d�h�g�l�j�h�e�v�g�u�_���j�Z�k�l�_�g�b�y����b�± �h�[�j�Z�[�h�l�d�Z���d�b�g�_�l�b��
�g�h�f������-�f�_�l�b�e�h�\�u�c���w�n�b�j���f�b�j�b�k�l�b�g�h�\�h�c�����K����������������-�g�_�b�^�_�g�l�b�n�b�p�b�j�h�\�Z�g�g�h�c������-�i�Z�e�v�f�b�l�b�g�h��
�\�h�c�����K����������������-�i�Z�e�v�f�b�l�h�e�_�b�g�h�\�h�c�����K����������������-�k�l�_�Z�j�b�g�h�\�h�c�����K����������������- �e�b�g�h�e�_�\�h�c�����K����������������- 

�Z�j�Z�o�b�g�h�\�h�c�����K�������������d�b�k�e�h�l�u 
Fig. Chromatograms of free fatty acids in maize seedlings under kinetin exposed to aeration: a-

control plants, b-kinetin treatment; 1-methyl ester of myristic (C14:0), 2-unidentified, 3-palmitic 
(C16:0), 4-palmitoleic (C16:1), 5-stearic (C18:1), 6-linoleic (C18:2), 7-arachidic (C20:0) acids 
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[23�@�����I�j�_�^�i�h�e�Z�]�Z�_�l�k�y���>24�@�����q�l�h���h�[�j�Z�a�h�\�Z�\��
�r�b�_�k�y�� �k�\�h�[�h�^�g�u�_�� �`�b�j�g�u�_�� �d�b�k�e�h�l�u�� �b�k��
�i�h�e�v�a�m�x�l�k�y���g�Z���k�b�g�l�_�a���g�_�c�l�j�Z�e�v�g�u�o���e�b�i�b��
�^�h�\�� �b�� �n�h�k�n�h�e�b�i�b�^�h�\���� �Z�� �l�Z�d�`�_�� �k�i�h�k�h�[�g�u��
�i�_�j�_�g�h�k�b�l�k�y�� �b�a�� �h�^�g�h�]�h�� �\�b�^�Z�� �e�b�i�b�^�h�\�� �\��
�^�j�m�]�h�c�� �>25�@���� �<�� �f�b�l�h�o�h�g�^�j�b�y�o�� �k�\�h�[�h�^�g�u�_��
�`�b�j�g�u�_�� �d�b�k�e�h�l�u�� �f�h�]�m�l�� �l�Z�d�� �`�_�� �j�Z�k�s�_�i��
�e�y�l�v�k�y���i�m�l�_�f����-�h�d�b�k�e�_�g�b�y���^�h���Z�p�_�l�b�e-CoA 
�b�� �^�Z�e�_�_�� �\�d�e�x�q�Z�l�v�k�y�� �\�� �j�_�Z�d�p�b�b�� �p�b�d�e�Z��
�D�j�_�[�k�Z���� �\�u�k�l�m�i�Z�y�� �\�� �j�h�e�b�� �k�m�[�k�l�j�Z�l�h�\�� �^�e�y��
�i�j�h�p�_�k�k�h�\���^�u�o�Z�g�b�y���>1,13,23�@���b�e�b���i�h�^�\�_�j��
�]�Z�l�v�k�y���h�d�b�k�e�b�l�_�e�v�g�h�f�m���j�Z�k�i�Z�^�m���i�h�^���^�_�c��
�k�l�\�b�_�f�� �k�h�h�l�\�_�l�k�l�\�m�x�s�b�o�� �e�b�i�h�d�k�b�]�_�g�Z�a��
[11, 19, 26�@�����K�\�h�[�h�^�g�u�o���`�b�j�g�u�o���d�b�k�e�h�l���\��
�f�b�l�h�o�h�g�^�j�b�y�o���f�h�]�m�l�� �\�u�k�l�m�i�Z�l�v���b���\�� �j�h�e�b��
�b�g�]�b�[�b�l�h�j�h�\�� �h�d�b�k�e�b�l�_�e�v�g�h�]�h�� �n�h�k�n�h�j�b��
�e�b�j�h�\�Z�g�b�y���>23�@�����<���g�Z�r�b�o���h�i�u�l�Z�o���h�l�f�_�q�Z��
�e�h�k�v�� �>18�@���� �q�l�h�� �i�j�b�� �^�_�c�k�l�\�b�b�� �d�j�Z�l�d�h�\�j�_��
�f�_�g�g�h�c�� �]�b�i�h�d�k�b�b�� �\�� �n�h�g�^�_�� �k�\�h�[�h�^�g�u�o��
�`�b�j�g�u�o�� �d�b�k�e�h�l�� �f�b�l�h�o�h�g�^�j�b�c�� �m�f�_�g�v�r�Z��
�e�h�k�v�� �k�h�^�_�j�`�Z�g�b�_�� �g�Z�k�u�s�_�g�g�u�o�� �`�b�j�g�u�o��
�d�b�k�e�h�l���b���i�h�\�u�r�Z�e�h�k�v���k�h�^�_�j�`�Z�g�b�_���f�h�g�h�_��
�g�h�\�h�c�� �i�Z�e�v�f�b�l�h�e�_�b�g�h�\�h�c�� ���K������������ �b�� �^�b�_��
�g�h�\�h�c���e�b�g�h�e�_�\�h�c�����K�������������`�b�j�g�u�o���d�b�k�e�h�l����
�q�l�h�� �\�u�a�u�\�Z�e�h�� �m�\�_�e�b�q�_�g�b�_�� �k�l�_�i�_�g�b�� �g�_�g�Z��
�k�u�s�_�g�g�h�k�l�b����U/S�����`�b�j�g�u�o���d�b�k�e�h�l�����I�j�_�^��
�i�h�e�Z�]�Z�_�l�k�y���>�����������@�����q�l�h���i�h�^�h�[�g�u�_���b�a�f�_�g�_��
�g�b�y���y�\�e�y�x�lc�y���j�_�a�m�e�v�l�Z�l�h�f���m�k�b�e�_�g�b�y���j�Z�k��
�i�Z�^�Z���n�h�k�n�h�e�b�i�b�^�h�\�����l�Z�d���d�Z�d���k�h�i�j�h�\�h�`�^�Z��
�e�b�k�v�� �m�f�_�g�v�r�_�g�b�_�f�� �k�h�^�_�j�`�Z�g�b�y�� �k�h�h�l�\�_�l��
�k�l�\�m�x�s�b�o���`�b�j�g�u�o���d�b�k�e�h�l���\���n�h�k�n�h�e�b�i�b�^��
�g�u�o���d�h�f�i�h�g�_�g�l�Z�o���j�Z�k�l�_�g�b�c���\���i�_�j�\�u�_���q�Z�k�u��
�]�b�i�h�d�k�b�q�_�k�d�h�]�h�� �k�l�j�_�k�k�Z���� �G�m�`�g�h�� �h�l�f�_��
�l�b�l�v�����q�l�h���h�[�g�Z�j�m�`�_�g�g�u�_���b�a�f�_�g�_�g�b�y���\���k�h��
�k�l�Z�\�_�� �k�\�h�[�h�^�g�u�o�� �`�b�j�g�u�o�� �d�b�k�e�h�l�� �f�b�l�h��
�o�h�g�^�j�b�c���k�h�\�i�Z�^�Z�e�b���k���l�Z�d�h�\�u�f���b�a�f�_�g�_�g�b��
�y�f�b�� �\�� �n�h�g�^�_�� �k�\�h�[�h�^�g�u�o�� �`�b�j�g�u�o�� �d�b�k�e�h�l����
�d�h�l�h�j�u�_���\�u�^�_�e�y�e�b�k�v���b�a���]�h�f�h�]�_�g�Z�l�Z���j�Z�k�l�_��
�g�b�c���d�m�d�m�j�m�a�u���>17,18�@�����L�Z�d�b�f���h�[�j�Z�a�h�f�����i�h��
�e�m�q�_�g�g�u�_�� �g�Z�f�b�� �j�_�a�m�e�v�l�Z�l�u�� �i�h�� �b�a�m�q�_�g�b�x��
�\�e�b�y�g�b�y���m�k�e�h�\�b�c���d�j�Z�l�d�h�\�j�_�f�_�g�g�h�c���]�b�i�h��
�d�k�b�b���g�Z���f�b�l�h�o�h�g�^�j�b�Z�e�v�g�u�c���n�h�g�^���k�\�h�[�h�^��
�g�u�o���`�b�j�g�u�o���d�b�k�e�h�l���� �f�h�`�g�h���h�[�t�y�k�g�b�l�v���b��
�m�k�b�e�_�g�b�_�f�� �i�j�h�p�_�k�k�h�\�� �j�Z�k�i�Z�^�Z�� �n�h�k�n�h�e�b��
�i�b�^�g�u�o�� �d�h�f�i�h�g�_�g�l�h�\�� �f�_�f�[�j�Z�g�� �f�b�l�h�o�h�g��
�^�j�b�c�����M�k�b�e�_�g�b�_���j�Z�k�i�Z�^�Z���n�h�k�n�h�e�b�i�b�^�g�u�o��
�d�h�f�i�h�g�_�g�l�h�\�� �f�_�f�[�j�Z�g�� �f�b�l�h�o�h�g�^�j�b�c�� �i�j�b��
�^�_�n�b�p�b�l�_���d�b�k�e�h�j�h�^�Z���\���h�d�j�m�`�Z�x�s�_�c���k�j�_�^�_��

�g�Z�[�e�x�^�Z�e�b�� �j�Z�g�_�_�� �b�� �^�e�y�� �^�j�m�]�b�o�� �j�Z�k�l�_�g�b�c��
[9,10,19]. 

�H�[�j�Z�[�h�l�d�Z�� �j�Z�k�l�_�g�b�c�� �d�m�d�m�j�m�a�u�� �n�b�l�h��
�]�h�j�f�h�g�h�f���d�b�g�_�l�b�g�h�f�����d�h�l�h�j�u�c���\���i�h�k�e�_�^��
�g�_�_�� �\�j�_�f�y�� �k�l�Z�e�b�� �b�k�i�h�e�v�a�h�\�Z�l�v�� �^�e�y�� �i�h�\�u��
�r�_�g�b�y�� �m�k�l�h�c�q�b�\�h�k�l�b�� �k�_�e�v�k�d�h�o�h�a�y�c�k�l�\�_�g��
�g�u�o�� �j�Z�k�l�_�g�b�y�� �d�� �j�Z�a�e�b�q�g�u�f�� �k�l�j�_�k�k�Z�f��
[3,27�@���i�j�_�^�h�l�\�j�Z�s�Z�e�Z���b�a�f�_�g�_�g�b�y�����k�\�y�a�Z�g��
�g�u�_���k���^�_�c�k�l�\�b�_�f���]�b�i�h�d�k�b�q�_�k�d�h�]�h���k�l�j�_�k�k�Z��
�b���K�H2-�k�j�_�^�u���>3�@�����D�Z�d���i�h�d�Z�a�Z�e�b���i�j�h�\�_�^�_�g��
�g�u�_�� �b�k�k�e�_�^�h�\�Z�g�b�y���� �i�h�k�e�_�� �h�[�j�Z�[�h�l�d�b�� �j�Z�k��
�l�_�g�b�c�� �n�b�l�h�]�h�j�f�h�g�h�f�� �d�b�g�_�l�b�g�h�f�� �m�� �i�j�h��
�j�h�k�l�d�h�\�� �d�m�d�m�j�m�a�u�� �\�� �f�b�l�h�o�h�g�^�j�b�Z�e�v�g�h�f��
�n�h�g�^�_�� �k�\�h�[�h�^�g�u�o�� �`�b�j�g�u�o�� �d�b�k�e�h�l�� �g�_�� �h�l��
�f�_�q�Z�e�h�k�v���m�f�_�g�v�r�_�g�b�_�� �k�h�^�_�j�`�Z�g�b�y�� �g�Z�k�u��
�s�_�g�g�u�o���`�b�j�g�u�o���d�b�k�e�h�l���K-�������b���K����- �j�y�^�Z��
�b�� �i�h�\�u�r�_�g�b�_�� �g�_�g�Z�k�u�s�_�g�g�u�o�� �i�h�e�v�f�b�l�h��
�e�_�b�g�h�\�h�c�� ���K������������ �b�� �e�b�g�h�e�_�\�h�c�� ���K������������
�`�b�j�g�u�o�� �d�b�k�e�h�l���� �W�l�h�� �i�h�a�\�h�e�y�e�h�� �i�h�^�^�_�j��
�`�b�\�Z�l�v���m�j�h�\�_�g�v���g�_�g�Z�k�u�s�_�g�g�h�k�l�b���k�\�h�[�h�^��
�g�u�o�� �`�b�j�g�u�o�� �d�b�k�e�h�l�� ��U/S���� �f�b�l�h�o�h�g�^�j�b�c��
�i�j�h�j�h�k�l�d�h�\�� �d�m�d�m�j�m�a�u�� �\�� �m�k�e�h�\�b�y�o�� �^�_�n�b��
�p�b�l�Z�� �d�b�k�e�h�j�h�^�Z�� �g�Z�� �m�j�h�\�g�_�� �Z�w�j�b�j�m�_�f�u�o��
�j�Z�k�l�_�g�b�c�����I�h�e�m�q�_�g�g�u�_���j�_�a�m�e�v�l�Z�l�u���k�h�\�i�Z��
�^�Z�x�l�� �k�� �b�k�k�e�_�^�h�\�Z�g�b�y�f�b�� �^�j�m�]�b�o�� �Z�\�l�h�j�h�\��
[17,28�@���i�h�d�Z�a�Z�\�r�b�o�����q�l�h���p�b�l�h�d�b�g�b�g�u���i�j�_��
�i�y�l�k�l�\�m�x�l�� �h�[�j�Z�a�h�\�Z�g�b�x�� �m�� �j�Z�k�l�_�g�b�c�� �k�\�h��
�[�h�^�g�u�o���j�Z�^�b�d�Z�e�h�\�����l�Z�d�b�o���d�Z�d���k�m�i�_�j�h�d�k�b�^��
�b�� �`�b�j�g�u�_�� �d�b�k�e�h�l�u���� �?�k�e�b�� �m�q�_�k�l�v���� �q�l�h�� �g�_��
�g�Z�k�u�s�_�g�g�u�_�� �`�b�j�g�u�_�� �d�b�k�e�h�l�u�� �y�\�e�y�x�l�k�y��
�k�m�[�k�l�j�Z�l�h�f���^�e�y���n�_�j�f�_�g�l�h�\���e�b�i�h�d�k�b�]�_�g�Z�a����
�d�h�l�h�j�u�_�� �Z�d�l�b�\�b�j�m�x�l�k�y�� �\�� �d�e�_�l�d�Z�o�� �j�Z�k�l�_��
�g�b�c�� �\�� �m�k�e�h�\�b�y�o�� �]�b�i�h�d�k�b�q�_�k�d�h�]�h�� �k�l�j�_�k�k�Z��
[19�@���� �l�h�� �m�f�_�g�v�r�_�g�b�_�� �b�o�� �d�h�e�b�q�_�k�l�\�Z�� �\��
�n�h�g�^�_�� �k�\�h�[�h�^�g�u�o�� �`�b�j�g�u�o�� �d�b�k�e�h�l�� �[�m�^�_�l��
�k�i�h�k�h�[�k�l�\�h�\�Z�l�v���l�h�j�f�h�`�_�g�b�x���b���i�j�h�p�_�k�k�h�\��
�k�\�h�[�h�^�g�h�j�Z�^�b�d�Z�e�v�g�h�]�h���h�d�b�k�e�_�g�b�y���n�h�k�n�h��
�e�b�i�b�^�h�\���� �W�l�h�� �[�m�^�_�l�� �a�Z�s�b�s�Z�l�v�� �f�b�l�h�o�h�g��
�^�j�b�b���h�l���h�d�b�k�e�b�l�_�e�v�g�h�]�h���j�Z�a�j�m�r�_�g�b�y���f�_�f��
�[�j�Z�g���b���g�Z�j�m�r�_�g�b�y���j�Z�[�h�l�u���W�L�P-�^�u�o�Z�g�b�y�� 

�I�j�b�� �^�_�c�k�l�\�b�b�� �K�H2-�k�j�_�^�u�� �\�� �f�b�l�h�o�h�g��
�^�j�b�Z�e�v�g�h�f�� �n�h�g�^�_�� �k�\�h�[�h�^�g�u�o�� �`�b�j�g�u�o��
�j�Z�k�l�_�g�b�c�� �d�m�d�m�j�m�a�u�� �i�j�h�b�k�o�h�^�b�e�b �i�h�^�h�[��
�g�u�_ �b�a�f�_�g�_�g�b�y�����d�Z�d���b���i�j�b���^�_�c�k�l�\�b�b���]�b�i�h��
�d�k�b�b���� �h�l�e�b�q�b�y�� �d�Z�k�Z�e�b�k�v�� �l�h�e�v�d�h�� �k�l�_�i�_�g�b��
�\�Z�j�v�b�j�h�\�Z�g�b�y���k�h�^�_�j�`�Z�g�b�y���h�l�^�_�e�v�g�u���`�b�j��
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�`�b�j�g�u�o�� �d�b�k�e�h�l�� �f�b�l�h�o�h�g�^�j�b�c�� �^�h�� �m�j�h�\�g�y��
�Z�w�j�b�j�m�_�f�u�o���j�Z�k�l�_�g�b�c�����I�h�e�m�q�_�g�g�u�_���g�Z�f�b��
�\�� �i�h�k�e�_�^�g�b�_�� �]�h�^�u�� �j�_�a�m�e�v�l�Z�l�u�� �i�h�d�Z�a�Z�e�b����
�q�l�h�� �\�u�k�h�d�b�_�� �d�h�g�p�_�g�l�j�Z�p�b�b�� �^�b�h�d�k�b�^�Z�� �m�]��
�e�_�j�h�^�Z���Z�d�l�b�\�g�h���\�e�b�y�e�b���g�_���l�h�e�v�d�h���g�Z���f�_�l�Z��
�[�h�e�b�a�f�� �n�h�k�n�h�e�b�i�b�^�h�\�� �>3,15�@���� �g�h�� �b�� �k�\�h��
�[�h�^�g�u�o���`�b�j�g�u�o���d�b�k�e�h�l���]�h�f�h�]�_�g�Z�l�Z���>17�@���b��
�f�b�l�h�o�h�g�^�j�b�c�� �>�����@���� �I�j�b�� �w�l�h�f�� �\�e�b�y�g�b�_��
�K�H2-�k�j�_�^�u�� �g�Z�� �j�Z�k�l�_�g�b�y�� �k�g�b�f�Z�_�l�k�y�� �^�_�c��
�k�l�\�b�_�f�� �n�b�l�h�]�h�j�f�h�g�h�\���� �\�� �q�Z�k�l�g�h�k�l�b�� �d�b��
�g�_�l�b�g�Z���� �q�l�h�� �k�\�b�^�_�l�_�e�v�k�l�\�m�_�l�� �h�[�� �h�[�j�Z�l�b��
�f�h�k�l�b���\�u�a�\�Z�g�g�u�o���w�l�h�c���]�Z�a�h�\�h�c���k�j�_�^�h�c���b�a��
�f�_�g�_�g�b�c���\���e�b�i�b�^�h�f�_���j�Z�k�l�_�g�b�c�����B�f�_�g�g�h���h�l��
�k�h�k�l�Z�\�Z���n�h�k�n�h�e�b�i�b�^�h�\���a�Z�\�b�k�b�l���g�_���l�h�e�v�d�h��
�i�j�h�g�b�p�Z�_�f�h�k�l�v�� �[�b�h�e�h�]�b�q�_�k�d�b�o�� �f�_�f�[�j�Z�g�� 
�g�h�� �b�� �Z�d�l�b�\�g�h�k�l�v�� �p�_�e�h�]�h�� �j�y�^�Z�� �f�_�f�[�j�Z�g�h��
�k�\�y�a�Z�g�g�u�o���n�_�j�f�_�g�l�h�\���� �W�l�h���i�h�a�\�h�e�y�_�l�� �]�h��
�\�h�j�b�l�v���h���\�e�b�y�g�b�b���^�b�h�d�k�b�^�Z���m�]�e�_�j�h�^�Z�����d�Z�d��
�i�j�h�^�m�d�l�Z���^�u�o�Z�l�_�e�v�g�h�]�h���h�[�f�_�g�Z�����g�Z���p�_�e�u�c��
�j�y�^���f�_�l�Z�[�h�e�b�q�_�k�d�b�o���i�j�h�p�_�k�k�h�\���j�Z�k�l�_�g�b�c����

�\�d�e�x�q�Z�y�� �h�[�f�_�g�� �h�j�]�Z�g�b�q�_�k�d�b�o�� �d�b�k�e�h�l�� �b��
�Z�f�b�g�h�d�b�k�e�h�l���� �k�b�g�l�_�a�� �[�_�e�d�Z���� �Z�d�l�b�\�g�h�k�l�v��
�j�y�^�Z���n�_�j�f�_�g�l�h�\���>3�@�����i�j�b���w�l�h�f���h�g���\�u�a�u�\�Z�_�l��
�b�a�f�_�g�_�g�b�y���b���\���e�b�i�b�^�h�f�_���j�Z�k�l�_�g�b�c���\���m�k�e�h��
�\�b�y�o�� �d�j�Z�l�d�h�\�j�_�f�_�g�g�u�o�� �w�d�k�i�h�a�b�p�b�c���� �I�h��
�e�m�q�_�g�g�u�_�� �j�_�a�m�e�v�l�Z�l�u�� �i�h�^�l�\�_�j�`�^�Z�x�l�� �\�u��
�k�d�Z�a�Z�g�g�h�_�� �j�Z�g�_�_�� �i�j�_�^�i�h�e�h�`�_�g�b�_���� �q�l�h�� �^�b��
�h�d�k�b�^���m�]�e�_�j�h�^�Z���� �d�Z�d�� �d�h�f�i�h�g�_�g�l�� �]�Z�a�h�\�h�c��
�k�j�_�^�u���f�h�`�_�l���\�u�k�l�m�i�Z�l�v���b���\���j�h�e�b���k�b�]�g�Z�e�v��
�g�h�c�� �f�h�e�_�d�m�e�u���� �a�Z�i�m�k�d�Z�x�s�_�c�� �d�Z�k�d�Z�^�� �Z�^�Z�i��
�l�Z�p�b�h�g�g�u�o�� �i�j�h�p�_�k�k�h�\�� �\�� �j�Z�k�l�b�l�_�e�v�g�u�o��
�d�e�_�l�d�Z�o���� �d�Z�d�� �w�l�h�� �i�h�d�Z�a�Z�g�h�� �m�`�_�� �^�e�y�� �`�b�\�h�l��
�g�u�o���>18]. 

�D�h�g�n�e�b�d�l �b�g�l�_�j�_�k�h�\  

�:�\�l�h�j�u �a�Z�y�\�e�y�x�l�� �q�l�h �m �g�b�o �g�_�l �b�a��
�\�_�k�l�g�u�o �n�b�g�Z�g�k�h�\�u�o �d�h�g�n�e�b�d�l�h�\ �b�g�l�_�j�_��
�k�h�\ �b�e�b �e�b�q�g�u�o �h�l�g�h�r�_�g�b�c�� �d�h�l�h�j�u�_ 
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The application of chromatographic techniques for the purification 
of aconitate hydratase isolated from the hearts of rats with pathology, 
and the investigation of certain catalytic properties of this enzyme 
 
Evgenii D. �.�U�\�O�¶�V�N�L�L�. , Tatyana N. Popova, Sergey A. Oleynik, Danil R. Bespalov 
Voronezh State University, Voronezh, Russian Federation, evgenij.krylsky@yandex.ru�.  
 
Abstract. In this study, we evaluated the catalytic and regulatory properties of an enzyme preparation derived 
from the cytoplasmic fraction of rat aconitate hydratase (AH, EC 4.2.1.3), which was purified using gel filtra-
tion and ion exchange chromatography. The enzyme preparation was derived from the hearts of rats (Rattus 
norvegicus, Wistar strain) that had undergone myocardial injury induced by diclofenac and treated with dipic-
olinic acid (DPA). Three groups of animals were used in the experiment. From the 15th day of the experiment, 
a saline solution was administered intraperitoneally to the rats in the control group for a period of 7 days. On 
�W�K�H���I�L�U�V�W���G�D�\�����D�Q�L�P�D�O�V���L�Q���W�K�H���V�H�F�R�Q�G���J�U�R�X�S���U�H�F�H�L�Y�H�G�������������O���R�I���)�U�H�X�Q�G�¶�V���D�G�M�X�Y�D�Q�W���V�X�E�F�X�W�D�Q�H�R�X�V�O�\���L�Q�W�R���W�K�H���O�H�I�W��
plantar surface of their hind paw. Thereafter, from the 15th day onwards, diclofenac sodium was given intra-
peritoneally at a dosage of 10 mg/kg body weight for a duration of 7 days. A third group of animals concurrently 
received intragastric administration of DPA at 10 mg/kg, along with diclofenac sodium. Heart and blood serum 
samples were collected 24 hours following the final injection. Commercial kits were used to analyze marker 
enzymes of cardiomyocyte cytolysis in the blood serum. The level of protein oxidative modification was de-
termined through reaction with 2,4-dinitrophenylhydrazine. The activity of AH was measured spectrophoto-
metrically at 235 nm. Separation of the cytoplasmic and mitochondrial fractions was performed using differ-
ential centrifugation. Purification of the enzyme from rat heart tissue was achieved through techniques such as 
ammonium sulfate precipitation, gel filtration using G-25 and G-150 sephadex columns, and ion exchange 
chromatography on KM-cellulose. During the course of this work, a cytoplasmic fraction with a 120-fold pu-
rification factor was isolated from the hearts of rats with myocardial damage induced by diclofenac, and a 
fraction with a purification factor of 122.1 was isolated from hearts of rats with pathology treated for DPA. 
Using the Lineweaver-Burke double inverse coordinate method, it has been demonstrated that the administra-
tion of DPA to rats resulted in a restoration of the enzyme's affinity for citrate and isocitrate compared to 
pathological indicators. In addition, there were changes in the control of parameters such as temperature, pH-
optimum, and activation energy of the enzymatic reaction. For AH in the heart of pathologically treated rats, 
there was a more significant increase in enzyme activity when reduced glutathione was added to the reaction 
medium, compared to animals treated with diclofenac alone. The observed alterations in the properties of AH 
may be linked to changes in the structural and functional characteristics of the enzyme molecule. Such altera-
tions could be a consequence of the antioxidant activity of DPA in response to oxidative stress induced by 
diclofenac treatment. 
Key words: aconitate hydratase, diclofenac, dipicolinic acid, myocardium, oxidative stress, gel filtration, ion 
exchange chromatography. 
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�p�b�l�j�Z�l�Z�� �\�� �b�a�h�p�b�l�j�Z�l���� �>�e�y�� �:�=�� �b�a�\�_�k�l�g�u��
�p�b�l�h�i�e�Z�a�f�Z�l�b�q�_�k�d�Z�y���b���f�b�l�h�o�h�g�^�j�b�Z�e�v�g�Z�y��
�n�h�j�f�u�����d�h�l�h�j�u�_���j�Z�a�e�b�q�Z�x�l�k�y���i�h���n�b�a�b�d�h-
�o�b�f�b�q�_�k�d�b�f�� �b�� �k�l�j�m�d�l�m�j�g�u�f�� �k�\�h�c�k�l�\�Z�f�� �b��

�\�u�i�h�e�g�y�x�l���j�Z�a�e�b�q�g�u�_���n�b�a�b�h�e�h�]�h-�[�b�h�o�b��
�f�b�q�_�k�d�b�_�� �n�m�g�d�p�b�b���� �q�l�h�� �h�[�m�k�e�Z�\�e�b�\�Z�_�l��
�Z�f�n�b�[�h�e�b�q�_�k�d�m�x�� �j�h�e�v�� �:�=���� �D�j�h�f�_�� �l�h�]�h����
�:�=�����a�Z���k�q�z�l���g�Z�e�b�q�b�y���`�_�e�_�a�h-�k�_�j�g�h�]�h���d�e�Z��
�k�l�_�j�Z���\���Z�d�l�b�\�g�h�f���p�_�g�l�j�_�����y�\�e�y�_�l�k�y���f�b�r�_��
�g�v�x���^�_�c�k�l�\�b�y���k�\�h�[�h�^�g�u�o���j�Z�^�b�d�Z�e�h�\���>���@���� 

�B�k�o�h�^�y�� �b�a�� �q�Z�k�l�h�l�u�� �b�k�i�h�e�v�a�h�\�Z�g�b�y��
�G�I�<�I���b���b�f�_�x�s�b�o�k�y���m���g�b�o���i�h�[�h�q�g�u�o���w�n��
�n�_�d�l�h�\���� �i�_�j�k�i�_�d�l�b�\�g�u�f�� �g�Z�i�j�Z�\�e�_�g�b�_�f��
�f�h�`�_�l�� �y�\�e�y�l�v�k�y�� �j�Z�a�j�Z�[�h�l�d�Z�� �k�i�h�k�h�[�h�\�� �[�h��
�e�_�_���[�_�a�h�i�Z�k�g�h�]�h���b�o���i�j�b�f�_�g�_�g�b�y�����\���q�Z�k�l�g�h��
�k�l�b���� �a�Z���k�q�z�l�� �k�h�q�_�l�Z�g�g�h�]�h���i�j�b�z�f�Z���i�j�b�j�h�^��
�g�u�o�� �[�_�a�h�i�Z�k�g�u�o�� �k�h�_�^�b�g�_�g�b�c���� �>�b�i�b�d�h�e�b��
�g�h�\�Z�y���d�b�k�e�h�l�Z�� ���i�b�j�b�^�b�g-2,6-�^�b�d�Z�j�[�h�g�h��
�\�Z�y�� �d�b�k�e�h�l�Z���� �>�I�D�����± �f�_�l�Z�[�h�e�b�l�� �j�Z�a�e�b�q��
�g�u�o�� �\�b�^�h�\�� �[�Z�d�l�_�j�b�c�� �j�h�^�Z��Bacillus���� �d�h�l�h��
�j�u�c���y�\�e�y�_�l�k�y���h�^�g�b�f���b�a���h�k�g�h�\�g�u�o���d�h�f�i�h��
�g�_�g�l�h�\���k�i�h�j���>�����@�����>�I�D���y�\�e�y�_�l�k�y���[�_�a�h�i�Z�k��
�g�u�f�� �^�e�y�� �q�_�e�h�\�_�d�Z�� �k�h�_�^�b�g�_�g�b�_�f�� �b�� �k�h�^�_�j��
�`�b�l�k�y�� �\�� �g�Z�l�l�h���� �l�j�Z�^�b�p�b�h�g�g�h�f�� �y�i�h�g�k�d�h�f��
�i�j�h�^�m�d�l�_�� �b�a�� �n�_�j�f�_�g�l�b�j�h�\�Z�g�g�h�c�� �k�h�b����
�;�u�e�h�� �b�a�m�q�_�g�h�� �\�e�b�y�g�b�_�� �^�Z�g�g�h�]�h�� �k�h�_�^�b�g�_��
�g�b�y���g�Z���k�\�_�j�l�u�\�Z�_�f�h�k�l�v���d�j�h�\�b�����\���o�h�^�_���q�_�]�h��
�[�u�e�h�� �h�[�g�Z�j�m�`�_�g�h���� �q�l�h�� �^�h�[�Z�\�e�_�g�b�_�� �>�I�D��
�i�j�b�\�h�^�b�l�� �d�� �k�m�s�_�k�l�\�_�g�g�h�f�m�� �b�g�]�b�[�b�j�h�\�Z��
�g�b�x���Z�]�j�_�]�Z�p�b�b���l�j�h�f�[�h�p�b�l�h�\���>�����@�� 

�L�Z�d�b�f�� �h�[�j�Z�a�h�f���� �i�j�_�^�k�l�Z�\�e�y�_�l�� �b�g�l�_�j�_�k��
�b�k�k�e�_�^�h�\�Z�g�b�_�� �j�_�]�m�e�y�l�h�j�g�u�o�� �b�� �d�Z�l�Z�e�b�l�b��
�q�_�k�d�b�o���k�\�h�c�k�l�\���:�=���b�a���k�_�j�^�p�Z���d�j�u�k���\���m�k�e�h��
�\�b�y�o�� �g�Z�j�m�r�_�g�b�y�� �h�d�k�b�^�Z�l�b�\�g�h�]�h�� �k�l�Z�l�m�k�Z����
�\�u�a�\�Z�g�g�h�]�h�� �\�\�_�^�_�g�b�_�f�� �^�b�d�e�h�n�_�g�Z�d�Z���� �b��
�d�h�j�j�b�]�b�j�m�x�s�_�]�h�� �^�_�c�k�l�\�b�y�� �>�I�D���� �B�k�o�h�^�y��
�b�a���w�l�h�]�h���� �p�_�e�v�x�� �g�Z�k�l�h�y�s�_�c�� �j�Z�[�h�l�u�� �k�l�Z�e�Z��
�h�q�b�k�l�d�Z�� �:�=�� �k�� �b�k�i�h�e�v�a�h�\�Z�g�b�_�f�� �b�h�g�h�h�[��
�f�_�g�g�h�c�� �b�� �]�_�e�v-�o�j�h�f�Z�l�h�]�j�Z�n�b�b���� �b�k�k�e�_�^�h��
�\�Z�g�b�_���_�z���d�Z�l�Z�e�b�l�b�q�_�k�d�b�o���k�\�h�c�k�l�\�����Z���l�Z�d�`�_��
�Z�g�Z�e�b�a�� �j�_�]�m�e�y�l�h�j�g�h�]�h�� �\�h�a�^�_�c�k�l�\�b�y��GSH 
�g�Z���^�Z�g�g�u�c���n�_�j�f�_�g�l���b�a���k�_�j�^�p�Z���d�j�u�k���k���^�b�d��
�e�h�n�_�g�Z�d-�b�g�^�m�p�b�j�h�\�Z�g�g�u�f�� �i�h�j�Z�`�_�g�b�_�f��
�f�b�h�d�Z�j�^�Z�����i�h�e�m�q�Z�\�r�b�o���>�I�D���� 
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�w�d�k�i�_�j�l�b�a�_�� �[�b�h�f�_�^�b�p�b�g�k�d�b�o�� �b�k�k�e�_�^�h�\�Z��
�g�b�c�� �\�� �N�=�;�H�M�� �<�H�� �©�<�=�M�ª�� ���i�j�h�l�h�d�h�e�� �‹��
5001-�������h�l������.11.�������������b���\���k�h�h�l�\�_�l�k�l�\�b�b���k��
�>�b�j�_�d�l�b�\�h�c�� �����������������?�K���� �D�j�u�k�u�� �[�u�e�b��
�j�Z�a�^�_�e�_�g�u���g�Z���l�j�b���]�j�m�i�i�u���i�h�������`�b�\�h�l�g�u�o��
�\���d�Z�`�^�h�c�����=�j�m�i�i�Z���������D�h�g�����k���������^�g�y���w�d�k�i�_��
�j�b�f�_�g�l�Z�� �i�h�e�m�q�Z�e�Z�� �\�g�m�l�j�b�[�j�x�r�b�g�g�h�� �n�b��
�a�b�h�e�h�]�b�q�_�k�d�b�c�� �j�Z�k�l�\�h�j�� �g�Z�� �i�j�h�l�y�`�_�g�b�b�� ����
�^�g�_�c���� �<�l�h�j�Z�y�� �]�j�m�i�i�Z�� �`�b�\�h�l�g�u�o�� ���>�b�d�e���� �\��
�i�_�j�\�u�c���^�_�g�v���i�h�e�m�q�Z�e�Z�����������f�d�e���Z�^�t�x�\�Z�g�l�Z��
�N�j�_�c�g�^�Z�����h�^�g�h�d�j�Z�l�g�h�����\���e�_�\�m�x���i�h�^�h�r�\�_�g��
�g�m�x���i�h�\�_�j�o�g�h�k�l�v���a�Z�^�g�_�c���e�Z�i�u���i�m�l�_�f���i�h�^��
�d�h�`�g�h�c���b�g�t�_�d�p�b�b�����A�Z�l�_�f���k���������^�g�y���`�b�\�h�l��
�g�u�f���\�g�m�l�j�b�[�j�x�r�b�g�g�h���\�\�h�^�b�e�b���^�b�d�e�h�n�_��
�g�Z�d�� �g�Z�l�j�b�y�� �\�� �^�h�a�_�� ������ �f�]���d�]�� �\�� �l�_�q�_�g�b�_�� ����
�^�g�_�c�� �>�����@���� �L�j�_�l�v�y�� �]�j�m�i�i�Z�� �`�b�\�h�l�g�u�o��
���>�I�D���� �i�Z�j�Z�e�e�_�e�v�g�h�� �k�� �^�b�d�e�h�n�_�g�Z�d�h�f��
�g�Z�l�j�b�y���i�h�e�m�q�Z�e�Z���\�g�m�l�j�b�`�_�e�m�^�h�q�g�h���^�b�i�b��
�d�h�e�b�g�h�\�m�x���d�b�k�e�h�l�m���\���^�h�a�_���������f�]���d�]���f�Z�k�k�u��
�l�_�e�Z���� �>�h�a�u�� �l�_�k�l�b�j�m�_�f�h�]�h�� �k�h�_�^�b�g�_�g�b�y��
�[�u�e�b���i�h�^�h�[�j�Z�g�u���g�Z���h�k�g�h�\�Z�g�b�b���^�h�a�b�j�h�\�h�d��
�Z�k�i�b�j�b�g�Z�����k�i�h�k�h�[�g�h�]�h���b�g�]�b�[�b�j�h�\�Z�l�v���Z�]�j�_��
�]�Z�p�b�x�� �l�j�h�f�[�h�p�b�l�h�\���� �[�e�h�d�b�j�m�y�� �k�b�g�l�_�a��
�l�j�h�f�[�h�d�k�Z�g�Z���:���� �>�����@���� �Q�_�j�_�a���^�\�Z�^�p�Z�l�v���q�_��
�l�u�j�_���q�Z�k�Z���i�h�k�e�_���i�h�k�e�_�^�g�_�]�h���\�\�_�^�_�g�b�y���k�h��
�_�^�b�g�_�g�b�c�� �d�j�u�k�� �g�Z�j�d�h�l�b�a�b�j�h�\�Z�e�b�� �o�e�h�j�h��
�n�h�j�f�h�f���� �a�Z�[�b�j�Z�e�b�� �h�[�j�Z�a�p�u�� �d�j�h�\�b�� �b�a��
�k�_�j�^�p�Z���r�i�j�b�p�h�f�����i�j�_�^�\�Z�j�b�l�_�e�v�g�h���i�j�h�f�u��
�l�u�f�� �b�a�h�l�h�g�b�q�_�k�d�b�f�� �j�Z�k�l�\�h�j�h�f���� �k�� �b�]�e�h�c��
�j�Z�a�f�_�j�h�f������G�����Z���l�Z�d�`�_���k�_�j�^�p�_���^�e�y���[�b�h�o�b��
�f�b�q�_�k�d�h�]�h���Z�g�Z�e�b�a�Z���� 

�:�d�l�b�\�g�h�k�l�v�� �d�j�_�Z�l�b�g�d�b�g�Z�a�u��MB ���D�D-
MB���� �b�� �Z�k�i�Z�j�l�Z�l�Z�f�b�g�h�l�j�Z�g�k�n�_�j�Z�a�u��
���:�k�:�L���� �\�� �k�u�\�h�j�h�l�d�_�� �d�j�h�\�b�� �h�i�j�_�^�_�e�y�e�b�� �k��
�i�h�f�h�s�v�x�� �^�b�Z�]�g�h�k�l�b�q�_�k�d�b�o�� �g�Z�[�h�j�h�\��
Abris���� ���J�h�k�k�b�y���� �B�g�l�_�g�k�b�\�g�h�k�l�v�� �h�d�b�k�e�b��
�l�_�e�v�g�h�c���f�h�^�b�n�b�d�Z�p�b�b���[�_�e�d�h�\���h�p�_�g�b�\�Z�e�b��
�k���i�h�f�h�s�v�x���f�_�l�h�^�Z�����h�k�g�h�\�Z�g�g�h�]�h���g�Z���\�a�Z�b��
�f�h�^�_�c�k�l�\�b�b�� �d�Z�j�[�h�g�b�e�v�g�u�o�� �]�j�m�i�i�� �b�� �Z�f�b��
�g�h�]�j�m�i�i�� �h�d�b�k�e�_�g�g�u�o�� �Z�f�b�g�h�d�b�k�e�h�l�g�u�o��
�h�k�l�Z�l�d�h�\�� �k�� ������-�^�b�g�b�l�j�h�n�_�g�b�e�]�b�^�j�Z�a�b�g�h�f��
(2,4-�>�G�N�=�����k���h�[�j�Z�a�h�\�Z�g�b�_�f��������-�^�b�g�b�l�j�h��
�n�_�g�b�e�]�b�^�j�Z�a�h�g�h�\���� �b�f�_�x�s�b�o�� �f�Z�d�k�b�f�m�f��
�i�h�]�e�h�s�_�g�b�y���i�j�b�����������g�f���>�����@�����H�[�j�Z�a�_�p���j�Z�a��
�[�Z�\�e�y�e�b�����������f�F���n�h�k�n�Z�l�g�u�f���[�m�n�_�j�h�f�����j�G��
������������ �a�Z�l�_�f�� �^�h�[�Z�\�e�y�e�b�� ������ �f�f�� ������-�>�G�N�=����
�j�Z�k�l�\�h�j�_�g�g�h�]�h�� �\�� �������� �F�� �+�&�O���� �k�f�_�k�v�� �b�g�d�m��
�[�b�j�h�\�Z�e�b���\���l�_�q�_�g�b�_�������q�����Z���a�Z�l�_�f���^�h�[�Z�\�e�y�e�b��

20%-�g�m�x���l�j�b�o�e�h�j�m�d�k�m�k�g�m�x���d�b�k�e�h�l�m�����I�h��
�k�e�_�� �h�o�e�Z�`�^�_�g�b�y�� �h�[�j�Z�a�p�u�� �p�_�g�l�j�b�n�m�]�b�j�h��
�\�Z�e�b���i�j�b�������������J�����[�_�e�d�h�\�u�c���h�k�Z�^�h�d���i�j�h�f�u��
�\�Z�e�b��������-�g�h�c���l�j�b�o�e�h�j�m�d�k�m�k�g�h�c���d�b�k�e�h�l�h�c��
�b�� �k�f�_�k�v�x�� �w�l�Z�g�h�e�Z�� �b�� �w�l�b�e�Z�p�_�l�Z�l�Z�� �������������� �Z��
�a�Z�l�_�f�� �j�Z�k�l�\�h�j�y�e�b�� �\�� ���� �f�e�� ���� �F�� �f�h�q�_�\�b�g�u����
�H�i�l�b�q�_�k�d�m�x�� �i�e�h�l�g�h�k�l�v�� �w�d�k�i�_�j�b�f�_�g�l�Z�e�v��
�g�h�]�h���h�[�j�Z�a�p�Z���b�a�f�_�j�y�e�b���i�j�b���^�e�b�g�_���\�h�e�g�u��
�������� �g�f�� �h�l�g�h�k�b�l�_�e�v�g�h�� �d�h�g�l�j�h�e�v�g�h�]�h�� �h�[��
�j�Z�a�p�Z�����h�[�j�Z�[�h�l�Z�g�g�h�]�h�����������F���k�h�e�y�g�h�c���d�b�k��
�e�h�l�h�c���� �>�e�y�� �j�Z�k�q�_�l�Z�� �k�h�^�_�j�`�Z�g�b�y�� �d�Z�j�[�h��
�g�b�e�v�g�u�o���Z�f�b�g�h�d�b�k�e�h�l�g�u�o���]�j�m�i�i���\���[�_�e�d�Z�o��
�b�k�i�h�e�v�a�h�\�Z�e�b�� �f�h�e�y�j�g�u�c�� �d�h�w�n�n�b�p�b�_�g�l��
�w�d�k�l�b�g�d�p�b�b���0� ���������������k�f-1�F-1. �:�d�l�b�\�g�h�k�l�v��
A�=���h�i�j�_�^�_�e�y�e�b���k�i�_�d�l�j�h�n�h�l�h�f�_�l�j�b�q�_�k�d�b�f��
�f�_�l�h�^�h�f�� �i�j�b�� �������� �g�f���� �K�j�_�^�Z�� �^�e�y�� �Z�g�Z�e�b�a�Z��
�Z�d�l�b�\�g�h�k�l�b���n�_�j�f�_�g�l�Z���i�j�_�^�k�l�Z�\�e�y�e�Z���k�h�[�h�c��
�������f�F���l�j�b�k-�GCl-�[�m�n�_�j����p�G�������������k�h�^�_�j�`�Z��
�s�b�c�������������f�F���p�b�l�j�Z�l�����J�_�Z�d�p�b�x���b�g�b�p�b�b�j�h��
�\�Z�e�b�� �\�g�_�k�_�g�b�_�f�� �b�k�k�e�_�^�m�_�f�h�]�h�� �h�[�j�Z�a�p�Z�� �\��
�k�i�_�d�l�j�h�n�h�l�h�f�_�l�j�b�q�_�k�d�m�x�� �d�x�\�_�l�m���� �A�Z��
�_�^�b�g�b�p�m���Z�d�l�b�\�g�h�k�l�b�����?�����i�j�b�g�b�f�Z�e�b���d�h�e�b��
�q�_�k�l�\�h�� �n�_�j�f�_�g�l�Z���� �d�Z�l�Z�e�b�a�b�j�m�x�s�_�_�� �i�j�_��
�\�j�Z�s�_�g�b�_�������f�d�f�h�e�v���k�m�[�k�l�j�Z�l�Z���a�Z�������f�b�g�m�l�m��
�i�j�b�������ƒ�K�����K���i�h�f�h�s�v�x���g�Z�[�h�j�Z���%�&�$���3�U�R�W�H�L�Q��
Colorimetric Assay Kit (Elabscience�����K�R�:����
�b�a�f�_�j�y�e�b���d�h�g�p�_�g�l�j�Z�p�b�x���[�_�e�d�Z�� 

�>�e�y�� �j�Z�a�^�_�e�_�g�b�y�� �f�b�l�h�o�h�g�^�j�b�Z�e�v�g�h�c�� �b��
�p�b�l�h�i�e�Z�a�f�Z�l�b�q�_�k�d�h�c�� �n�j�Z�d�p�b�c�� �k�_�j�^�p�_�� �]�h��
�f�h�]�_�g�b�a�b�j�h�\�Z�e�b���\���k�j�_�^�_���������f�F���l�j�b�k-HCl-
�[�m�n�_�j�Z�� ��pH ������������ �k�h�^�_�j�`�Z�s�_�]�h�� ���� �f�F��
�W�>�L�:���� ���� �f�F�� ��-�f�_�j�d�Z�i�l�h�w�l�Z�g�h�e�� �b�� �������� �F��
�k�Z�o�Z�j�h�a�m�����i�h�k�e�_���q�_�]�h���n�j�Z�d�p�b�b���j�Z�a�^�_�e�y�e�b���k��
�i�h�f�h�s�v�x���^�b�n�n�_�j�_�g�p�b�Z�e�v�g�h�]�h���p�_�g�l�j�b�n�m��
�]�b�j�h�\�Z�g�b�y���i�j�b������ ���������J���\���l�_�q�_�g�b�_���������f�b��
�g�m�l�����>�e�y���i�h�e�m�q�_�g�b�y���n�_�j�f�_�g�l�g�u�o���i�j�_�i�Z�j�Z��
�l�h�\�� �:�=�� �b�a�� �p�b�l�h�i�e�Z�a�f�Z�l�b�q�_�k�d�h�c�� �n�j�Z�d�p�b�b��
�b�k�i�h�e�v�a�h�\�Z�e�Z�k�v�� �k�e�_�^�m�x�s�Z�y�� �k�o�_�f�Z��
�h�q�b�k�l�d�b�����G�Z���i�_�j�\�h�f���w�l�Z�i�_���i�j�h�\�h�^�b�e�b���j�Z�a��
�^�_�e�_�g�b�_�� �[�_�e�d�h�\�� �k�m�e�v�n�Z�l�h�f�� �Z�f�f�h�g�b�y��
((NH4)2SO4�����i�m�l�_�f���k�l�m�i�_�g�q�Z�l�h�]�h���i�h�\�u�r�_��
�g�b�y���d�h�g�p�_�g�l�j�Z�p�b�b���^�Z�g�g�h�]�h���k�h�_�^�b�g�_�g�b�y���\��
�p�b�l�h�i�e�Z�a�f�Z�l�b�q�_�k�d�h�c�� �n�j�Z�d�p�b�b�� �h�l�� ���� �^�h��
���������� �a�Z�l�_�f�� �h�l�� ������ �^�h������������ �>�Z�e�_�_���h�q�b�k�l�d�m��
�h�k�m�s�_�k�l�\�e�y�e�b�� �k�� �i�h�f�h�s�v�x�� �]�_�e�v-�n�b�e�v�l�j�Z��
�p�b�b�� �q�_�j�_�a�� �k�_�n�Z�^�_�d�k�� �*-������ ���������î������ �F�f������
�b�h�g�h�h�[�f�_�g�g�h�c�� �o�j�h�f�Z�l�h�]�j�Z�n�b�b�� �g�Z�� �D�F-
�p�_�e�e�x�e�h�a�_���b���]�_�e�v-�n�b�e�v�l�j�Z�p�b�b���q�_�j�_�a���k�_�n�Z��
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�^�_�d�k�� �*-�������� ���������î������ �F�f������ �H�[�j�Z�a�_�p�� �g�Z�g�h��
�k�b�e�b�� �g�Z�� �k�_�n�Z�^�_�d�k�� �*-������ �\�� �d�h�e�b�q�_�k�l�\�_�� �g�_��
�[�h�e�_�_�� ����-�������� �h�l�� �h�[�t�z�f�Z�� �d�h�e�h�g�d�b���� �g�Z�� �k�_��
�n�Z�^�_�d�k�� �*-150 �± �\�� �h�[�t�_�f�_�� �g�_�� �[�h�e�_�_�� ��������
�L�j�b�k-HCl �[�m�n�_�j�����S�+�����������������������F���b�k�i�h�e�v��
�a�h�\�Z�e�b�� �\�� �d�Z�q�_�k�l�\�_�� �w�e�x�b�j�m�x�s�_�c�� �k�j�_�^�u����
�K�d�h�j�h�k�l�v���w�e�x�p�b�b���k�h�k�l�Z�\�e�y�e�Z���������f�e���q���b��������
�f�e���q���g�Z���k�_�n�Z�^�_�d�k�Z�o���*-�������b���*-���������k�h�h�l�\�_�l��
�k�l�\�_�g�g�h���� �N�_�j�f�_�g�l�Z�l�b�\�g�m�x�� �Z�d�l�b�\�g�h�k�l�v��
�h�p�_�g�b�\�Z�e�b���\�� �d�Z�`�^�h�c���n�j�Z�d�p�b�b���h�[�t�z�f�h�f�� ����
�f�e�����N�j�Z�d�p�b�b�����o�Z�j�Z�d�l�_�j�b�a�m�x�s�b�_�k�y���f�Z�d�k�b��
�f�Z�e�v�g�h�c���Z�d�l�b�\�g�h�k�l�v�x���i�h�k�e�_���o�j�h�f�Z�l�h�]�j�Z��
�n�b�b���g�Z���k�_�n�Z�^�_�d�k�_���*-�������h�[�t�_�^�b�g�y�e�b���b���b�k��
�i�h�e�v�a�h�\�Z�e�b���^�e�y���^�Z�e�v�g�_�c�r�_�c���h�q�b�k�l�d�b���k���b�k��
�i�h�e�v�a�h�\�Z�g�b�_�f�� �b�h�g�h�h�[�f�_�g�g�h�c�� �o�j�h�f�Z�l�h��
�]�j�Z�n�b�b�� �g�Z�� �d�h�e�h�g�d�_�� �k�� �D�F-�p�_�e�e�x�e�h�a�h�c��
���������î�������k�f�������I�h�k�e�_���k�h�j�[�p�b�b���[�_�e�d�Z���b�k�i�h�e�v��
�a�h�\�Z�e�b�� �]�j�Z�^�b�_�g�l�� �d�h�g�p�_�g�l�j�Z�p�b�b�� �D�K�O�� �\��
�k�j�_�^�_�� �w�e�x�p�b�b�� �^�e�y�� �^�_�k�h�j�[�p�b�b�� �:�=���� �K�d�h��
�j�h�k�l�v�� �w�e�x�p�b�b�� �k�h�k�l�Z�\�e�y�e�Z�� ����-������ �f�e���q�Z�k����
�N�_�j�f�_�g�l�Z�l�b�\�g�m�x�� �Z�d�l�b�\�g�h�k�l�v�� �b�� �k�h�^�_�j�`�Z��
�g�b�_���[�_�e�d�Z���Z�g�Z�e�b�a�b�j�h�\�Z�e�b���\���d�Z�`�^�h�c���n�j�Z�d��
�p�b�b���h�[�t�_�f�h�f�������f�e�����N�j�Z�d�p�b�b���k���f�Z�d�k�b�f�Z�e�v��
�g�h�c�� �Z�d�l�b�\�g�h�k�l�v�x�� �n�_�j�f�_�g�l�Z�� �h�[�t�_�^�b�g�y�e�b����
�<�k�_���w�l�Z�i�u���\�u�^�_�e�_�g�b�y���b���h�q�b�k�l�d�b���n�_�j�f�_�g�l�Z��
�h�k�m�s�_�k�l�\�e�y�e�b�� �i�j�b�� �l�_�f�i�_�j�Z�l�m�j�_�� ��-4ºC. 
�D�h�g�k�l�Z�g�l�m�� �F�b�o�Z�w�e�b�k�Z�� ���D�f���� �h�i�j�_�^�_�e�y�e�b��
�f�_�l�h�^�h�f�� �^�\�h�c�g�u�o�� �h�[�j�Z�l�g�u�o�� �d�h�h�j�^�b�g�Z�l��
�E�Z�c�g�m�b�\�_�j�Z-�;�_�j�d�Z�� 

�W�e�_�d�l�j�h�n�h�j�_�l�b�q�_�k�d�b�_�� �k�\�h�c�k�l�\�Z�� �n�_�j��
�f�_�g�l�g�h�]�h�� �i�j�_�i�Z�j�Z�l�Z�� �h�p�_�g�b�\�Z�e�b�� �f�_�l�h�^�h�f��
�^�b�k�d-�w�e�_�d�l�j�h�n�h�j�_�a�Z���\���I�:�:�=���i�h���>�w�\�b�k�m�����<��
�d�Z�q�_�k�l�\�_�� �f�Z�j�d�_�j�Z�� �^�\�b�`�_�g�b�y�� �f�h�e�_�d�m�e�� �\��
�o�h�^�_�� �w�e�_�d�l�j�h�n�h�j�_�a�Z�� �b�k�i�h�e�v�a�h�\�Z�e�b�� �j�Z�k��
�l�\�h�j���[�j�h�f�n�_�g�h�e�h�\�h�]�h���k�b�g�_�]�h�����H�d�j�Z�r�b�\�Z��
�g�b�_�� �]�_�e�_�c�� �g�Z�� �[�_�e�h�d�� �h�k�m�s�_�k�l�\�e�y�e�b�� �������� ����
�d�m�f�Z�k�k�b���]�h�e�m�[�u�f��R-���������\���l�_�q�_�g�b�_���������f�b��
�g�m�l���k���i�h�k�e�_�^�m�x�s�b�f���i�j�h�f�u�\�Z�g�b�_�f�����������m�d��
�k�m�k�g�h�c�� �d�b�k�e�h�l�h�c���� �K�i�_�p�b�n�b�q�_�k�d�h�_�� �i�j�h�y�\��
�e�_�g�b�_���:�=���[�u�e�h���h�k�g�h�\�Z�g�h���g�Z���k�h�i�j�y�`�z�g�g�h�c��
�j�_�Z�d�p�b�b�� �\�� �j�_�a�m�e�v�l�Z�l�_�� �i�_�j�_�g�h�k�Z�� �\�h�^�h�j�h�^�Z��
�h�l���G�:�>�N�G���g�Z���g�b�l�j�h�l�_�l�j�Z�a�h�e�b�_�\�u�c���k�b�g�b�c��
�i�j�b�� �m�q�Z�k�l�b�b�� �n�_�g�Z�a�b�g�f�_�l�Z�k�m�e�v�n�Z�l�Z�� �k�� �h�[��
�j�Z�a�h�\�Z�g�b�_�f�� �^�b�n�h�j�f�Z�a�Z�g�Z���� �K�j�_�^�Z�� �b�g�d�m�[�Z��
�p�b�b���\�d�e�x�q�Z�e�Z�����������f�F���l�j�b�k-�G�Kl �[�m�n�_�j���j�G��
�������������������f�F��MnCl2���������f�F���G�:�>�N�������������f�]���f�e��
�p�b�k-�Z�d�h�g�b�l�Z�l�Z���\�������F���l�j�b�k-�G�Kl �[�m�n�_�j�_���j�G��

���������� ���������� �f�]���f�e�� �g�b�l�j�h�l�_�l�j�Z�a�h�e�b�_�\�h�]�h�� �k�b��
�g�_�]�h���� ���������� �f�]���f�e�� �n�_�g�Z�a�b�g�f�_�l�Z�k�m�e�v�n�Z�l�Z�� �b��
���������f�]���f�e���G�:�>�N-�B�>�=���������?���f�e������ 

�>�Z�g�g�u�_���[�u�e�b���i�j�h�Z�g�Z�e�b�a�b�j�h�\�Z�g�u���k���b�k��
�i�h�e�v�a�h�\�Z�g�b�_�f�� �i�j�h�]�j�Z�f�f�g�h�]�h�� �h�[�_�k�i�_�q�_��
�g�b�y��SPPS Statistics �����������k���b�k�i�h�e�v�a�h�\�Z�g�b�_�f��
�d�j�b�l�_�j�b�y�� �D�h�e�f�h�]�h�j�h�\�Z-�K�f�b�j�g�h�\�Z�� �^�e�y��
�h�p�_�g�d�b�� �g�h�j�f�Z�e�v�g�h�k�l�b�� �j�Z�k�i�j�_�^�_�e�_�g�b�y�� �i�_��
�j�_�f�_�g�g�u�o�����K�j�Z�\�g�_�g�b�_���a�g�Z�q�_�g�b�c���i�h�d�Z�a�Z�l�_��
�e�_�c�� �f�_�`�^�m�� �]�j�m�i�i�Z�f�b�� �i�j�h�\�h�^�b�e�h�k�v�� �k�� �b�k��
�i�h�e�v�a�h�\�Z�g�b�_�f��ANOVA �b�e�b�� �d�j�b�l�_�j�b�y��
�D�j�Z�k�d�_�e�e�Z-�M�h�e�e�b�k�Z���� �I�h�i�Z�j�g�u�_���k�j�Z�\�g�_�g�b�y��
�i�j�h�\�h�^�b�e�b�k�v�� �k�� �b�k�i�h�e�v�a�h�\�Z�g�b�_�f��T-
�d�j�b�l�_�j�b�y���K�l�v�x�^�_�g�l�Z���b�e�b���d�j�b�l�_�j�b�y���F�Z�g�g�Z-
�M�b�l�g�b���� �K�l�Z�l�b�k�l�b�q�_�k�d�Z�y�� �a�g�Z�q�b�f�h�k�l�v�� �h�i�j�_��
�^�_�e�y�e�Z�k�v�� �k�� �b�k�i�h�e�v�a�h�\�Z�g�b�_�f�� �i�h�j�h�]�h�\�h�]�h��
�a�g�Z�q�_�g�b�y��p���������������D�h�e�b�q�_�k�l�\�_�g�g�u�_���^�Z�g�g�u�_��
�i�j�_�^�k�l�Z�\�e�_�g�u���\���\�b�^�_���k�j�_�^�g�_�]�h���a�g�Z�q�_�g�b�y������
�k�l�Z�g�^�Z�j�l�g�h�_���h�l�d�e�h�g�_�g�b�_����SD). 

�H�[�k�m�`�^�_�g�b�_���j�_�a�m�e�v�l�Z�l�h�\ 

�>�e�y�� �Z�g�Z�e�b�a�Z�� �d�Z�j�^�b�h�i�j�h�l�_�d�l�h�j�g�u�o��
�k�\�h�c�k�l�\���>�I�D���[�u�e�Z���i�j�h�\�_�^�_�g�Z���h�p�_�g�d�Z���Z�d��
�l�b�\�g�h�k�l�b�� �D�D-�F�<�� �b�� �:�k�:�L�� �\�� �k�u�\�h�j�h�l�d�_��
�d�j�h�\�b�� �`�b�\�h�l�g�u�o�� �g�Z�� �n�h�g�_�� �^�b�d�h�n�_�g�Z�d-�b�g��
�^�m�p�b�j�h�\�Z�g�g�h�]�h�� �i�h�\�j�_�`�^�_�g�b�y�� �f�b�h�d�Z�j�^�Z����
�D�Z�j�^�b�h�l�h�d�k�b�q�g�h�k�l�v�����\�u�a�\�Z�g�g�Z�y���^�b�d�e�h�n�_��
�g�Z�d�h�f�����i�j�b�\�h�^�b�e�Z���d���a�g�Z�q�b�l�_�e�v�g�h�f�m���i�h�\�u��
�r�_�g�b�x���Z�d�l�b�\�g�h�k�l�b���b�k�k�e�_�^�m�_�f�u�o���n�_�j�f�_�g��
�l�h�\���� �q�l�h�� �k�\�b�^�_�l�_�e�v�k�l�\�m�_�l�� �h�� �i�h�\�j�_�`�^�_�g�b�b��
�d�e�_�l�h�d�� �f�b�h�d�Z�j�^�Z�� �b���i�h�k�e�_�^�m�x�s�_�f�� �\�u�k�\�h��
�[�h�`�^�_�g�b�b�� �\�g�m�l�j�b�d�e�_�l�h�q�g�h�]�h�� �k�h�^�_�j�`�b��
�f�h�]�h�� �\�� �d�j�h�\�h�l�h�d�� ���j�b�k���� �������� �I�j�b�f�_�g�_�g�b�_��
�>�I�D�� �\�� �^�h�a�_�� ������ �f�]���d�]�� �\�� �d�Z�q�_�k�l�\�_�� �d�Z�j�^�b�h��
�i�j�h�l�_�d�l�h�j�Z���m���d�j�u�k���k���b�g�^�m�p�b�j�h�\�Z�g�g�h�c���d�Z�j��
�^�b�h�l�h�d�k�b�q�g�h�k�l�v�x�� �k�g�b�`�Z�e�h�� �i�h�\�j�_�`�^�Z�x��
�s�_�_�� �^�_�c�k�l�\�b�_�� �^�b�d�e�h�n�_�g�Z�d�Z�� �g�Z�� �l�d�Z�g�b��
�k�_�j�^�p�Z�� �b�� �k�i�h�k�h�[�k�l�\�h�\�Z�e�h�� �g�h�j�f�Z�e�b�a�Z�p�b�b��
�Z�d�l�b�\�g�h�k�l�b�� �D�D-�F�<�� �b �:�k�:�L�����K�m�^�y�� �i�h��
�\�k�_�f�m���� �k�\�h�b�� �i�h�a�b�l�b�\�g�u�_�� �w�n�n�_�d�l�u���>�I�D��
�h�d�Z�a�u�\�Z�e�Z���a�Z���k�q�z�l���l�h�j�f�h�`�_�g�b�y���l�j�h�f�[�h�h�[��
�j�Z�a�h�\�Z�g�b�y�� �b�� �i�h�k�e�_�^�m�x�s�_�]�h�� �m�e�m�q�r�_�g�b�y��
�d�j�h�\�h�k�g�Z�[�`�_�g�b�y���f�b�h�d�Z�j�^�Z���>�������������@���� 
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�h�l�j�Z�`�Z�_�l�� �m�k�b�e�_�g�b�_�� �i�j�h�p�_�k�k�h�\�� �k�\�h�[�h�^�g�h��
�j�Z�^�b�d�Z�e�v�g�h�]�h���h�d�b�k�e�_�g�b�y�����j�b�k�������������G�Z�[�e�x��
�^�Z�e�h�k�v���l�Z�d�`�_���i�Z�^�_�g�b�_���Z�d�l�b�\�g�h�k�l�b���:�=�����\�u��
�j�Z�`�_�g�g�h�c�� �\�� �?���]�� �k�u�j�h�c�� �f�Z�k�k�u�� �k�_�j�^�p�Z�� �b��
�?���f�]�� �[�_�e�d�Z���� �I�j�b�f�_�g�_�g�b�_�� �>�I�D�� �\�� �^�h�a�_�� ������
�f�]���d�]�� �k�i�h�k�h�[�k�l�\�h�\�Z�e�h�� �k�g�b�`�_�g�b�x�� �m�j�h�\�g�y��
�h�d�b�k�e�b�l�_�e�v�g�h�c�� �f�h�^�b�n�b�d�Z�p�b�b�� �[�_�e�d�h�\���� �Z��
�l�Z�d�`�_�� �m�\�_�e�b�q�_�g�b�x�� �Z�d�l�b�\�g�h�k�l�b�� �:�=�����>�Z�g��
�g�u�_�� �k�^�\�b�]�b���� �h�q�_�\�b�^�g�h�� �[�u�e�b�� �k�\�y�a�Z�g�u�� �k 
�m�f�_�g�v�r�_�g�b�_�f �\�u�j�Z�`�_�g�g�h�k�l�b���h�d�b�k�e�b�l�_�e�v��
�g�h�]�h�� �k�l�j�_�k�k�Z. �B�a�� �e�b�l�_�j�Z�l�m�j�u�� �b�a�\�_�k�l�g�h����
�q�l�h���>�I�D���k�i�h�k�h�[�g�Z���h�d�Z�a�u�\�Z�l�v���b�g�]�b�[�b�j�m�x��
�s�_�_�� �^�_�c�k�l�\�b�_�� �g�Z�� �`�_�e�_�a�h�a�Z�\�b�k�b�f�h�_�� �i�_�j�_��
�d�b�k�g�h�_�� �h�d�b�k�e�_�g�b�_�� �e�b�i�b�^�h�\�� �b�� �h�i�h�k�j�_�^�h��
�\�Z�g�g�m�x�� �f�_�^�v�x�� �b�g�Z�d�l�b�\�Z�p�b�x�� �]�e�m�l�Z�l�b�h�g��
�j�_�^�m�d�l�Z�a�u���� �F�_�o�Z�g�b�a�f�� �^�Z�g�g�h�]�h�� �w�n�n�_�d�l�Z��
�f�h�`�_�l���a�Z�d�e�x�q�Z�l�v�k�y���\���l�h�f�����q�l�h���i�b�j�b�^�b�g�h��
�\�h�_���d�h�e�v�p�h���>�I�D���b�f�_�_�l���g�_�k�i�Z�j�_�g�g�u�c���w�e�_�d��
�l�j�h�g�� �g�Z�� �Z�l�h�f�_�� �Z�a�h�l�Z���� �b�� �g�Z�e�b�q�b�_�� �d�Z�j��
�[�h�d�k�b�e�v�g�u�o�� �]�j�m�i�i�� �\�h�� ��-�f�� �b�� ��-�f�� �i�h�e�h�`�_��
�g�b�y�o���� �h�l�l�y�]�b�\�Z�x�s�b�o�� �w�e�_�d�l�j�h�g�g�m�x�� �i�e�h�l��
�g�h�k�l�v���� �m�k�b�e�b�\�Z�_�l�� �k�i�h�k�h�[�g�h�k�l�v���k�h�_�^�b�g�_��
�g�b�y�� �i�j�b�g�b�f�Z�l�v�� �w�e�_�d�l�j�h�g�u���� �L�Z�d�b�f�� �h�[�j�Z��
�a�h�f���� �>�I�D�� �f�h�`�_�l�� �a�Z�[�b�j�Z�l�v�� �w�e�_�d�l�j�h�g�u�� �m��
�f�_�l�Z�e�e�h�\�� �k�� �i�_�j�_�o�h�^�g�h�c�� �\�Z�e�_�g�l�g�h�k�l�v�x����
�h�d�b�k�e�y�y���b�o���b���g�_���^�Z�\�Z�y���\�k�l�m�i�Z�l�v���\���j�_�Z�d�p�b�b��
�]�_�g�_�j�Z�p�b�b���k�\�h�[�h�^�g�u�o���j�Z�^�b�d�Z�e�h�\���>����-18].  

�I�h�k�d�h�e�v�d�m���[�h�e�v�r�m�x���q�Z�k�l�v���Z�d�l�b�\�g�h�k�l�b��
�:�=���\���d�e�_�l�d�_���k�h�k�l�Z�\�e�y�_�l���_�z���p�b�l�h�i�e�Z�a�f�Z�l�b��
�q�_�k�d�Z�y���n�j�Z�d�p�b�y���>�����@�����^�e�y���^�Z�e�v�g�_�c�r�b�o���b�k��
�k�e�_�^�h�\�Z�g�b�c���[�u�e�h���i�j�h�\�_�^�_�g�h���\�u�^�_�e�_�g�b�_���b��
�h�q�b�k�l�d�Z���:�=���b�a���p�b�l�h�i�e�Z�a�f�u���d�e�_�l�h�d���l�d�Z�g�b��

�k�_�j�^�p�Z�� �w�d�k�i�_�j�b�f�_�g�l�Z�e�v�g�u�o�� �`�b�\�h�l�g�u�o�� �k��
�^�b�d�e�h�n�_�g�Z�d-�b�g�^�m�p�b�j�h�\�Z�g�g�u�f�� �i�h�j�Z�`�_��
�g�b�_�f�� �f�b�h�d�Z�j�^�Z���� �i�h�e�m�q�Z�\�r�b�o�� �>�I�D���� �N�_�j��
�f�_�g�l�g�u�c���i�j�_�i�Z�j�Z�l���:�=���[�u�e���i�h�e�m�q�_�g���f�_�l�h��
�^�h�f�� �n�j�Z�d�p�b�h�g�b�j�h�\�Z�g�b�y�� �k�� �b�k�i�h�e�v�a�h�\�Z��
�g�b�_�f�� �k�l�m�i�_�g�q�Z�l�h�]�h�� �i�h�\�u�r�_�g�b�y�� �d�h�g�p�_�g��
�l�j�Z�p�b�b�� ���1�+4)2SO4���� �K�l�_�i�_�g�v�� �h�q�b�k�l�d�b�� �i�h��
�k�e�_���^�Z�g�g�h�c���k�l�Z�^�b�b���k�h�k�l�Z�\�b�e�Z�����������j�Z�a�Z���b����������
�j�Z�a�Z���k�h�h�l�\�_�l�k�l�\�_�g�g�h���� �\�� �]�j�m�i�i�_�� �`�b�\�h�l�g�u�o��
�k���i�Z�l�h�e�h�]�b�_�c�� �b�� �]�j�m�i�i�_�� �`�b�\�h�l�g�u�o���� �i�h�e�m��
�q�Z�\�r�b�o�� �g�Z�j�y�^�m�� �k�� �^�b�d�e�h�n�_�g�Z�d�h�f�� �>�I�D��
���l�Z�[�e�b�p�Z�� �������� �G�Z�� �k�e�_�^�m�x�s�_�c�� �k�l�Z�^�b�b�� �k�� �p�_��
�e�v�x�� �m�^�Z�e�_�g�b�y�� �g�b�a�d�h�f�h�e�_�d�m�e�y�j�g�u�o�� �i�j�b��
�f�_�k�_�c���h�q�b�k�l�d�m���=�J���i�j�h�b�a�\�h�^�b�e�b���k���b�k�i�h�e�v��
�a�h�\�Z�g�b�_�f�� �]�_�e�v-�n�b�e�v�l�j�Z�p�b�b �g�Z�� �k�_�n�Z�^�_�d�k�_��
G-���������<���^�Z�e�v�g�_�c�r�_�f���i�j�b�f�_�g�y�e�b���o�j�h�f�Z�l�h��
�]�j�Z�n�b�x�� �g�Z�� �D�F-�p�_�e�e�x�e�h�a�_���� �\�� �j�_�a�m�e�v�l�Z�l�_��
�q�_�]�h�� �m�^�Z�e�h�k�v�� �i�h�e�m�q�b�l�v���n�_�j�f�_�g�l�g�u�c���i�j�_��
�i�Z�j�Z�l���k�h���k�l�_�i�_�g�v�x���h�q�b�k�l�d�b�������������b�a���k�_�j�^�p�Z��
�`�b�\�h�l�g�u�o���� �i�h�e�m�q�Z�\�r�b�o�� �^�b�d�e�h�n�_�g�Z�d�� �b��
���������� �j�Z�a�Z���m���d�j�u�k���� �d�h�l�h�j�u�f�� �\�\�h�^�b�e�b���>�I�D��
�g�Z���n�h�g�_���i�Z�l�h�e�h�]�b�b�����< �o�h�^�_���w�d�k�i�_�j�b�f�_�g�l�Z��
�[�u�e�h�� �m�k�l�Z�g�h�\�e�_�g�h���� �q�l�h�� �\�� �i�j�h�p�_�k�k�_�� �b�h�g�h��
�h�[�f�_�g�g�h�c�� �o�j�h�f�Z�l�h�]�j�Z�n�b�b�� �g�Z�� �d�h�e�h�g�d�_�� �k��
�D�F-�p�_�e�e�x�e�h�a�h�c�� �n�_�j�f�_�g�l�� �b�a�� �k�_�j�^�p�Z�� �b�k��
�k�e�_�^�m�_�f�u�o�� �`�b�\�h�l�g�u�o�� �^�_�k�h�j�[�b�j�h�\�Z�e�k�y�� �\��
�\�b�^�_���f�Z�d�k�b�f�Z�e�v�g�h�]�h���i�b�d�Z���i�j�b���g�Z�g�_�k�_�g�b�b��
�g�Z���d�h�e�h�g�d�m���������f�e���k�j�_�^�u���w�e�x�p�b�b�����������f�F��
KCl�����G�Z���a�Z�d�e�x�q�b�l�_�e�v�g�h�c���k�l�Z�^�b�b���h�q�b�k�l�d�b��
�[�_�e�d�h�\�u�c�� �j�Z�k�l�\�h�j�� �i�h�^�\�_�j�]�Z�e�b�� �j�Z�a�^�_�e�_��
�g�b�x�� �g�Z�� �k�_�n�Z�^�_�d�k�_�� �*-���������� �I�j�b�f�_�g�_�g�b�_��

       
�J�b�k�����������I�h�d�Z�a�Z�l�_�e�b���Z�d�l�b�\�g�h�k�l�b���d�j�_�Z�l�b�g���d�b�g�Z�a�u-�F�<�����D�D-�F�<�����b���Z�k�i�Z�j�l�Z�l�Z�f�b�g�h�l�j�Z�g�k�n�_�j�Z�a�u��

���:�k�:�L�����\���k�u�\�h�j�h�l�d�_���d�j�h�\�b���d�h�g�l�j�h�e�v�g�u�o���d�j�u�k�����D�h�g�������`�b�\�h�l�g�u�o���k���^�b�d�e�h�n�_�g�Z�d-�b�g�^�m�p�b�j�h�\�Z�g�g�u�f��
�i�h�\�j�_�`�^�_�g�b�_�f���f�b�h�d�Z�j�^�Z�����>�b�d�e�����b���`�b�\�h�l�g�u�o�����d�h�l�h�j�u�f���g�Z���n�h�g�_���j�Z�a�\�b�l�b�y���i�Z�l�h�e�h�]�b�b���\�\�h�^�b�e�b���^�b��
�i�b�d�h�e�b�g�h�\�m�x���d�b�k�e�h�l�m���\���^�h�a�_���������f�]���d�]�����>�I�D�������
��- �S�������������i�h���k�j�Z�\�g�_�g�b�x���k���d�h�g�l�j�h�e�v�g�h�c���]�j�m�i�i�h�c����

# - �S�������������i�h���k�j�Z�\�g�_�g�b�x���k���]�j�m�i�i�h�c���`�b�\�h�l�g�u�o���k���i�Z�l�h�e�h�]�b�_�c�� 
Fig 1. Indicators of the activity of creatine kinase-MB (CK-MB) and aspartate aminotransferase 

(ASAT) in the blood serum of rats from the control group (Con), animals with diclofenac-induced 
myocardial injury (Dicl), and animals with a pathology which were administered dipicolinic acid at a 
dose of 10 mg/kg (�'�J�$). * - p<0.05 as compared to the control group; # - p<0.05 as compared to the 

group of animals with a pathology 
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�^�Z�g�g�h�c�� �k�l�Z�^�b�b�� �h�q�b�k�l�d�b�� �i�h�a�\�h�e�b�e�h�� �i�h�e�m��
�q�b�l�v���h�q�b�s�_�g�g�u�_���i�j�_�i�Z�j�Z�l�u���:�=���b�a���k�_�j�^�p�Z��
�d�j�u�k���k���i�Z�l�h�e�h�]�b�_�c���b���d�j�u�k�����i�h�e�m�q�Z�\�r�b�o���g�Z�� 
�n�h�g�_�� �^�b�d�e�h�n�_�g�Z�d�Z�� �>�I�D���� �\�� ������������ �b�� ������������
�j�Z�a�Z���k�h�h�l�\�_�l�k�l�\�_�g�g�h�����D�h�g�_�q�g�u�_���n�_�j�f�_�g�l��
�g�u�_�� �i�j�_�i�Z�j�Z�l�u�� �:�=�� �p�b�l�h�i�e�Z�a�f�Z�l�b�q�_�k�d�h�c��
�n�j�Z�d�p�b�b�� �m�� �`�b�\�h�l�g�u�o�� �^�Z�g�g�u�o�� �w�d�k�i�_�j�b��
�f�_�g�l�Z�e�v�g�u�o�� �]�j�m�i�i�� �b�f�_�e�b�� �m�^�_�e�v�g�m�x�� �Z�d��
�l�b�\�g�h�k�l�v�����������b������������ �?���f�]�� �[�_�e�d�Z���� �H�q�b�s�_�g��
�g�u�c���n�_�j�f�_�g�l�g�u�c���i�j�_�i�Z�j�Z�l���k�e�m�`�b�e���h�[�t�_�d��
�l�h�f���^�e�y���Z�g�Z�e�b�a�Z���d�Z�l�Z�e�b�l�b�q�_�k�d�b�o���b���j�_�]�m�e�y��
�l�h�j�g�u�o���k�\�h�c�k�l�\���� 

�<�� �o�h�^�_�� �j�Z�[�h�l�u�� �[�u�e�Z�� �h�k�m�s�_�k�l�\�e�_�g�Z��
�h�p�_�g�d�Z�� �w�e�_�d�l�j�h�n�h�j�_�l�b�q�_�k�d�b�o�� �k�\�h�c�k�l�\��
�h�q�b�s�_�g�g�h�]�h�� �n�_�j�f�_�g�l�g�h�]�h�� �i�j�_�i�Z�j�Z�l�Z�� �:�=����
�K�� �i�h�f�h�s�v�x�� �k�i�_�p�b�n�b�q�_�k�d�h�]�h�� �h�d�j�Z�r�b�\�Z��
�g�b�y���g�Z���Z�d�l�b�\�g�h�k�l�v���[�u�e�b���h�[�g�Z�j�m�`�_�g�u���^�\�_��
�n�h�j�f�u�� �n�_�j�f�_�g�l�Z�� �\�� �]�h�f�h�]�_�g�Z�l�_�� �k�_�j�^�p�Z��
�d�j�u�k���\�k�_�o���w�d�k�i�_�j�b�f�_�g�l�Z�e�v�g�u�o���]�j�m�i�i���k��Rf 
�����������b���������������I�h�k�e�_���w�e�_�d�l�j�h�n�h�j�_�a�Z���b���k�i�_�p�b��
�n�b�q�_�k�d�h�]�h�� �h�d�j�Z�r�b�\�Z�g�b�y�� �g�Z�� �Z�d�l�b�\�g�h�k�l�v�� �\��
�p�b�l�h�i�e�Z�a�f�Z�l�b�q�_�k�d�h�c���n�j�Z�d�p�b�b���[�u�e�Z���h�[�g�Z��
�j�m�`�_�g�Z���h�^�g�Z���n�h�j�f�Z���:�=���k��Rf �������������<�l�h�j�Z�y��

�i�h�e�h�k�Z���h�l�k�m�l�k�l�\�h�\�Z�e�Z���b�e�b���\�b�a�m�Z�e�b�a�b�j�h�\�Z��
�e�Z�k�v�� �\�� �k�e�_�^�h�\�u�o�� �d�h�e�b�q�_�k�l�\�Z�o���� �q�l�h�� �f�h�]�e�h��
�[�u�l�v�� �k�\�y�a�Z�g�h�� �k�� �g�_�a�g�Z�q�b�l�_�e�v�g�u�f�� �i�_�j�_��
�d�j�_�k�l�g�u�f�� �a�Z�]�j�y�a�g�_�g�b�_�f�� �f�b�l�h�o�h�g�^�j�b�Z�e�v��
�g�h�c���n�h�j�f�h�c�����I�j�b���g�_�k�i�_�p�b�n�b�q�_�k�d�h�f���h�d�j�Z��
�r�b�\�Z�g�b�b�� �h�q�b�s�_�g�g�h�]�h�� �i�j�_�i�Z�j�Z�l�Z�� �:�=�� �m��
�d�j�u�k���\�k�_�o���w�d�k�i�_�j�b�f�_�g�l�Z�e�v�g�u�o���]�j�m�i�i���i�j�h��
�y�\�e�y�e�Z�k�v���h�^�g�Z���h�k�g�h�\�g�Z�y���i�h�e�h�k�Z���k��Rf 0.78, 
�k�h�h�l�\�_�l�k�l�\�m�x�s�Z�y�� �p�b�l�h�i�e�Z�a�f�Z�l�b�q�_�k�d�h�c��
�n�h�j�f�_���n�_�j�f�_�g�l�Z�� 

�<���o�h�^�_���i�j�h�\�_�^�_�g�g�h�]�h���b�k�k�e�_�^�h�\�Z�g�b�y���f�_��
�l�h�^�h�f���^�\�h�c�g�u�o���h�[�j�Z�l�g�u�o���d�h�h�j�^�b�g�Z�l���E�Z�c��
�g�m�b�\�_�j�Z-�;�_�j�d�Z�� �m�^�Z�e�h�k�v�� �\�u�q�b�k�e�b�l�v�� �D�h�g��
�k�l�Z�g�l�m�� �F�b�o�Z�w�e�b�k�Z�� ���D�f���� �:�=�� �i�h�� �h�l�g�h�r�_��
�g�b�x���d���p�b�l�j�Z�l�m�����d�h�l�h�j�Z�y���k�h�k�l�Z�\�e�y�e�Z���\���d�h�g��
�l�j�h�e�_���������f�d�F�����m���`�b�\�h�l�g�u�o���k���^�b�d�e�h�n�_�g�Z�d-
�b�g�^�m�p�b�j�h�\�Z�g�g�u�f�� �i�h�j�Z�`�_�g�b�_�f�� �f�b�h�d�Z�j�^�Z��
�± 13���� �f�d�F���� �Z�� �m�� �d�j�u�k���� �d�h�l�h�j�u�f�� �g�Z�� �n�h�g�_��
�j�Z�a�\�b�l�b�y�� �i�Z�l�h�e�h�]�b�b�� �\�\�h�^�b�e�b�� �>�I�D���± 83 
�f�d�F ���j�b�k�� �������� �L�Z�d�`�_�� �^�e�y�� �n�_�j�f�_�g�l�Z�� �b�a��
�k�_�j�^�p�Z�� �`�b�\�h�l�g�u�o�� �^�Z�g�g�u�o�� �]�j�m�i�i�� �[�u�e��
�g�Z�c�^�_�g�Z���D�f���i�h���h�l�g�h�r�_�g�b�x���d���b�a�h�p�b�l�j�Z�l�m���� 
�d�h�l�h�j�Z�y���k�h�k�l�Z�\�b�e�Z���k�h�h�l�\�_�l�k�l�\�_�g�g�h������������������

 

                 
�J�b�k�����������M�j�h�\�_�g�v���d�Z�j�[�h�g�b�e�v�g�u�o���h�k�l�Z�l�d�h�\���Z�f�b�g�h�d�b�k�e�h�l���\���[�_�e�d�Z�o���b���Z�d�l�b�\�g�h�k�l�v���Z�d�h�g�b��

�l�Z�l�]�b�^�j�Z�l�Z�a�u�����:�=�������\�u�j�Z�`�_�g�g�Z�y���\���?���]���l�d�Z�g�b���b���?���f�]���[�_�e�d�Z���\���k�_�j�^�p�_���d�h�g�l�j�h�e�v�g�u�o���d�j�u�k��
���D�h�g�������`�b�\�h�l�g�u�o���k���^�b�d�e�h�n�_�g�Z�d-�b�g�^�m�p�b�j�h�\�Z�g�g�u�f���i�h�\�j�_�`�^�_�g�b�_�f���f�b�h�d�Z�j�^�Z�����>�b�d�e�����b���`�b��

�\�h�l�g�u�o�����d�h�l�h�j�u�f���g�Z���n�h�g�_���j�Z�a�\�b�l�b�y���i�Z�l�h�e�h�]�b�b���\�\�h�^�b�e�b���^�b�i�b�d�h�e�b�g�h�\�m�x���d�b�k�e�h�l�m���\���^�h�a�_��������
�f�]���d�]�����>�I�D�������
��- �S�������������i�h���k�j�Z�\�g�_�g�b�x���k���d�h�g�l�j�h�e�v�g�h�c���]�j�m�i�i�h�c��������- �S�������������i�h���k�j�Z�\�g�_�g�b�x���k��

�]�j�m�i�i�h�c���`�b�\�h�l�g�u�o���k���i�Z�l�h�e�h�]�b�_�c�� 
Fig 2. The level of carbonyl amino acid residue in proteins and the activity of aconitate hydra-

tase (AH) expressed in U/g of tissue and U/mg of protein in the hearts of rats from the control 
group (Con), animals with diclofenac-induced myocardial injury (Dicl), and animals with a pathol-

ogy which were administered dipicolinic acid at a dose of 10 mg/kg (�'�J�$). * - p<0.05 as com-
pared to the control group; # - p<0.05 as compared to the group of animals with a pathology. 
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�b�� ������ �f�d�F�� ���j�b�k���� �������� �G�Z�[�e�x�^�Z�_�f�h�_�� �k�g�b�`�_  
�g�b�_���k�j�h�^�k�l�\�Z���:�=���d���p�b�l�j�Z�l�m���b���b�a�h�p�b�l�j�Z�l�m��
�i�j�b�� �i�Z�l�h�e�h�]�b�b���� �i�h-�\�b�^�b�f�h�f�m���� �[�u�e�h�� �k�h��
�i�j�y�`�_�g�h�� �k�h�� �k�g�b�`�_�g�b�_�f�� �Z�d�l�b�\�g�h�k�l�b�� �n�_�j��
�f�_�g�l�Z���� �i�j�h�b�k�o�h�^�y�s�b�f�� �\�� �j�_�a�m�e�v�l�Z�l�_�� �i�h��
�\�j�_�`�^�_�g�b�y�� �_�]�h�� �`�_�e�_�a�h-�k�_�j�g�h�]�h�� �d�e�Z�k�l�_�j�Z��
�i�h�^�� �^�_�c�k�l�\�b�_�f�� �:�N�D���� �<�� �k�\�h�x�� �h�q�_�j�_�^�v����
�\�h�k�k�l�Z�g�h�\�e�_�g�b�_���k�j�h�^�k�l�\�Z���:�=���d���p�b�l�j�Z�l�m���b��
�b�a�h�p�b�l�j�Z�l�m���f�h�]�e�h���i�j�h�b�k�o�h�^�b�l�v���\�� �j�_�a�m�e�v��
�l�Z�l�_���m�e�m�q�r�_�g�b�y���h�d�k�b�^�Z�l�b�\�g�h�]�h���k�l�Z�l�m�k�Z���\��
�l�d�Z�g�b�� �k�_�j�^�p�Z�� �i�h�^�� �^�_�c�k�l�\�b�_�f�� �>�I�D�� �b�� �\�h�k��
�k�l�Z�g�h�\�e�_�g�b�y���Z�d�l�b�\�g�h�k�l�b���:�=���� 

�I�j�b�� �h�i�j�_�^�_�e�_�g�b�b�� �l�_�f�i�_�j�Z�l�m�j�g�h�]�h�� �h�i��
�l�b�f�m�f�Z���[�u�e�h���g�Z�c�^�_�g�h�����q�l�h���f�Z�d�k�b�f�Z�e�v�g�Z�y��
�Z�d�l�b�\�g�h�k�l�v�� �:�=���� �\�u�^�_�e�_�g�g�h�c�� �b�a�� �p�b�l�h��
�i�e�Z�a�f�u�� �d�e�_�l�h�d�� �k�_�j�^�p�Z�� �d�j�u�k�� �k�� �^�b�d�e�h�n�_��
�g�Z�d-�b�g�^�m�p�b�j�h�\�Z�g�g�u�f�� �i�h�j�Z�`�_�g�b�_�f�� �f�b�h��
�d�Z�j�^�Z�����i�j�h�y�\�e�y�_�l�k�y���i�j�b���������ƒ�K���± �[�h�e�_�_���g�b�a��
�d�h�c���l�_�f�i�_�j�Z�l�m�j�_�����q�_�f���m���n�_�j�f�_�g�l�Z���`�b�\�h�l��
�g�u�o���d�h�g�l�j�h�e�v�g�h�c���]�j�m�i�i�u�����j�b�k�������������L�Z�d�`�_��
�i�h�d�Z�a�Z�g�h�� �k�g�b�`�_�g�b�_�� �w�g�_�j�]�b�b�� �Z�d�l�b�\�Z�p�b�b��

�^�e�y���:�=���b�a���k�_�j�^�p�Z���d�j�u�k���k���i�Z�l�h�e�h�]�b�_�c�����j�Z�k��
�k�q�b�l�Z�g�g�h�c���b�a���]�j�Z�n�b�d�Z���:�j�j�_�g�b�m�k�Z���\���b�g�l�_�j��
�\�Z�e�_���l�_�f�i�_�j�Z�l�m�j������-�������ƒ�K�����:�g�Z�e�b�a���a�Z�\�b�k�b��
�f�h�k�l�b�� �k�d�h�j�h�k�l�b�� �:�=-�j�_�Z�d�p�b�b�� �h�l�� �d�h�g�p�_�g��
�l�j�Z�p�b�b �b�h�g�h�\�� �\�h�^�h�j�h�^�Z�� �i�h�d�Z�a�Z�e���� �q�l�h�� �:�= 
�p�b�l�h�i�e�Z�a�f�Z�l�b�q�_�k�d�h�c�� �n�j�Z�d�p�b�b�� �k�_�j�^�p�Z��
�d�j�u�k���k���i�Z�l�h�e�h�]�b�_�c���o�Z�j�Z�d�l�_�j�b�a�m�_�l�k�y���k�^�\�b��
�]�h�f���j�G���h�i�l�b�f�m�f�Z���\���d�b�k�e�m�x���k�l�h�j�h�g�m�����>�Z�g��
�g�u�_�� �b�a�f�_�g�_�g�b�y�� �f�h�]�m�l�� �y�\�e�y�l�v�k�y�� �k�e�_�^��
�k�l�\�b�_�f�� �g�Z�d�h�i�e�_�g�b�y�� �\�h�k�k�l�Z�g�h�\�b�l�_�e�v�g�u�o��
�w�d�\�b�\�Z�e�_�g�l�h�\���i�j�b���m�]�g�_�l�_�g�b�b���h�d�b�k�e�b�l�_�e�v��
�g�h�]�h���n�h�k�n�h�j�b�e�b�j�h�\�Z�g�b�y���g�Z���n�h�g�_���b�r�_�f�b�b��
�f�b�h�d�Z�j�^�Z�����\�u�a�\�Z�g�g�h�c���Z�d�l�b�\�b�a�Z�p�b�_�c���l�j�h�f��
�[�h�a�Z���\���j�_�a�m�e�v�l�Z�l�_���\�\�_�^�_�g�b�y���^�b�d�e�h�n�_�g�Z�d�Z����
�I�j�b�f�_�g�_�g�b�_�� �>�I�D�� �i�j�b�\�h�^�b�e�h�� �d�� �k�^�\�b�]�m��
�l�_�f�i�_�j�Z�l�m�j�g�h�]�h���b���j�G���h�i�l�b�f�m�f�Z���\���g�Z�i�j�Z�\��
�e�_�g�b�b���d�h�g�l�j�h�e�y�����q�l�h���f�h�]�e�h���[�u�l�v���k�\�y�a�Z�g�h���k�� 
�g�h�j�f�Z�e�b�a�Z�p�b�_�c�� �w�g�_�j�]�_�l�b�q�_�k�d�h�]�h�� �h�[�f�_�g�Z�� 
�a�Z�� �k�q�_�l�� �Z�g�l�b�l�j�h�f�[�h�l�b�q�_�k�d�h�]�h�� �^�_�c�k�l�\�b�y��
�>�I�D���b���m�e�m�q�r�_�g�b�y���i�_�j�n�m�a�b�b���f�b�h�d�Z�j�^�Z���� 

�L�Z�[�e�b�p�Z���������H�q�b�k�l�d�Z���Z�d�h�g�b�l�Z�l�]�b�^�j�Z�l�Z�a�u���b�a���k�_�j�^�p�Z���d�j�u�k���d�h�g�l�j�h�e�v�g�h�c���]�j�m�i�i�u�����D�h�g�������`�b�\�h�l�g�u�o��
�k�� �^�b�d�e�h�n�_�g�Z�d-�b�g�^�m�p�b�j�h�\�Z�g�g�u�f�� �i�h�\�j�_�`�^�_�g�b�_�f�� �f�b�h�d�Z�j�^�Z�� ���>�b�d�e������ �b�� �d�j�u�k���� �d�h�l�h�j�u�f�� �g�Z�� �n�h�g�_��
�j�Z�a�\�b�l�b�y���i�Z�l�h�e�h�]�b�b���\�\�h�^�b�e�b���^�b�i�b�d�h�e�b�g�h�\�m�x���d�b�k�e�h�l�m���\���^�h�a�_���������f�]���d�]�����>�I�D���� 
Table 1. Purification of aconitate hydratase from the hearts of rats of the control group (Con), ani-
mals with diclofenac-induced myocardial injury (Dicl), and animals with a pathology which were 
administered dipicolinic acid at a dose of 10 mg/kg (DCA) 

�K�l�Z�^�b�y��
�h�q�b�k�l�d�b 

�=�j�m�i�i�Z���`�b��
�\�h�l�g�u�o 

�H�[�s�Z�y���Z�d�l�b�\��
�g�h�k�l�v���\�h��

�n�j�Z�d�p�b�b�����? 

�D�h�e�b�q�_�k�l�\�h��
�[�_�e�d�Z���\�h���n�j�Z�d��

�p�b�b�����f�] 

�M�^�_�e�v�g�Z�y���Z�d��
�l�b�\�g�h�k�l�v�����?���f�]��

�[�_�e�d�Z 
�<�u�o�h�^������ 

�K�l�_�i�_�g�v��
�h�q�b�k�l�d�b 

�P�b�l�h�i�e�Z�a��
�f�Z�l�b�q�_��

�k�d�Z�y���n�j�Z�d��
�p�b�y 

�D�h�g 4.62±0.70 45.00±8.40 0.10±0.02 100 1.00 
�>�b�d�e 3.45±0.51 41.00±6.22 0.08±0.01 100 1.00 

�>�I�D 4.67±0.82 44.28±7.21 0.11±0.02 100 1.00 

�N�j�Z�d�p�b�h��
�g�b�j�h�\�Z�g�b�_��
(NH4)2SO4 

�D�h�g 2.32±0.41 4.55±1.12 0.51±0.09 50.20 5.10 
�>�b�d�e 1.72±0.26 4.16±1.06 0.41±0.08 49.85 5.13 
�>�I�D 2.39±0.48 4.49±0.86 0.53±0.11 51.18 4.82 

�=�_�e�v-
�n�b�e�v�l�j�Z��
�p�b�y���g�Z���k�_��
�n�Z�^�_�d�k�_��

G-25 

�D�h�g 2.30±0.32 4.53±1.01 0.51±0.08 49.80 5.10 
�>�b�d�e 1.68±0.30 3.95±0.82 0.43±0.06 48.69 5.38 

�>�I�D 2.31±0.46 4.40±0.91 0.53±0.12 49.46 4.82 

�O�j�h�f�Z�l�h��
�]�j�Z�n�b�y���g�Z��
�D�F-�p�_�e��
�e�x�e�h�a�_ 

�D�h�g 1.64±0.28 0.40±0.05 4.10±0.75 35.60 41.00 
�>�b�d�e 1.18±0.25 0.34±0.04 3.47±0.65 34.20 43.38 

�>�I�D 1.68±0.32 0.37±0.05 4.54±0.79 35.60 42.18 

�=�_�e�v-�o�j�h��
�f�Z�l�h�]�j�Z��
�n�b�y���g�Z��G-

150 

�D�h�g 0.73±0.14 0.06±0.02 12.2±2.15 15.69 122.00 
�>�b�d�e 0.48±0.09 0.05±0.01 9.60±2.09 13.91 120.00 

�>�I�D 0.74±0.17 0.06±0.02 12.33±2.39 15.85 122.09 
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 �D�Z�d�� �b�a�\�_�k�l�g�h���� �i�j�b�� �b�r�_�f�b�b�� �f�b�h�d�Z�j�^�Z����
�\�� �l�h�f�� �q�b�k�e�_�� �\�u�a�\�Z�g�g�h�c�� �l�j�h�f�[�h�h�[�j�Z�a�h�\�Z��
�g�b�_�f�� �g�Z�� �n�h�g�_�� �i�j�b�f�_�g�_�g�b�y�� �G�I�<�I���� �\�Z�`��
�g�m�x�� �j�h�e�v�� �\�� �a�Z�s�b�l�_�� �h�l�� �h�d�b�k�e�b�l�_�e�v�g�h�]�h��
�k�l�j�_�k�k�Z���b�]�j�Z�_�l���*�6�+�����d�h�l�h�j�u�c���\���o�h�^�_���\�h�k��
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Fig 3. Dependence (shown using the Lineweaver�±Burk method of double inverse coordinates) of 

the rate of reaction catalysed by aconitate hydratase on the concentration of citrate and isocitrate 
in rats from the control group (Con), animals with diclofenac-induced myocardial injury (Dicl), 
and animals with a pathology which were administered dipicolinic acid at a dose of 10 mg/kg 

(D�JA). 
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Fig 4. Dependence of the rate of reaction catalysed by aconitate hydratase on the temperature and the con-
centration of hydrogen ions. Arrhenius graph in the temperature range of 10-40 °C for the enzyme from 

the hearts of rats from the control group (Con), animals with diclofenac-induced myocardial injury (Dicl), 
and animals with a pathology which were administered dipicolinic acid at a dose of 10 mg/kg (DPA). 
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Fig 5. Influence of reduced glutathione (GSH) on the activity and oxidised glutathionethe 

(GSSG) on the activity of cytoplasmic aconitate hydratase in the hearts of rats from the control 
group (Con), animals with diclofenac-induced myocardial injury (Dicl), and animals with a pathol-

ogy which were administered dipicolinic acid at a dose of 10 mg/kg (�'�J�$). 
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Abstract. Due to their toxicity, bacterial transcription factors are difficult to be expressed, while their ability 
to form oligomers makes purification challenging. For each such protein, an individual approach is usually 
needed. Here, a vector for overproduction of the YihW (CsqR) from probiotic Escherichia coli Nissle 1917 
(EcN) transcription factor was constructed, and optimal conditions for its synthesis in homologous expression 
system were selected: expression in BL21(DE3)-Codon Plus-RIL; induction with 50�PM IPTG for 5 hours at 
37°�K. A rapid and effective purification scheme was developed, based on the affinity chromatography on spin 
columns with the Ni-NTA sorbent and combining native and denaturing conditions, followed with step dialysis. 
The developed approach allows obtaining homogenous, 95% pure, functionally active protein. Activity of the 
produced YihW was confirmed using complex formation with its DNA target and subsequent electrophoretic 
separation of the DNA-protein complexes in polyacrylamide gel.  
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�k�f�h�l�j�y�� �g�Z�� �f�g�h�]�h�k�l�Z�^�b�c�g�m�x�� �h�q�b�k�l�d�m���� �q�b��
�k�l�h�l�Z�� �[�_�e�d�h�\�h�]�h�� �i�j�_�i�Z�j�Z�l�Z�� �k�h�k�l�Z�\�b�e�Z��
�\�k�_�]�h������������ 

�<�� �[�h�e�_�_�� �i�h�a�^�g�_�f�� �b�k�k�e�_�^�h�\�Z�g�b�b�� �'�H�R�5��
�b�a��Bacillus subtilis �[�u�e�� �h�q�b�s�_�g�� �m�`�_�� �i�j�b��
�i�h�f�h�s�b���Z�n�n�b�g�g�h�c���o�j�h�f�Z�l�h�]�j�Z�n�b�b���g�Z���1�L-

�1�7�$�� �k�_�n�Z�j�h�a�_���� �g�h�� �k�� �b�g�l�_�j�_�k�g�u�f�b�� �f�h�^�b��
�n�b�d�Z�p�b�y�f�b�� �i�j�h�l�h�d�h�e�Z���� �l�Z�d�b�f�b�� �d�Z�d�� �h�k�Z��
�`�^�_�g�b�_�� �>�G�D���J�G�D�� �i�j�b�� �i�h�f�h�s�b�� �k�l�j�_�i�l�h��
�f�b�p�b�g���k�m�e�v�n�Z�l�Z���>���@�����:�n�n�b�g�g�Z�y���o�j�h�f�Z�l�h��
�]�j�Z�n�b�y�� �g�Z�� �g�b�d�_�e�v-�k�h�^�_�j�`�Z�s�b�o�� �l�\�_�j�^�h��
�n�Z�a�g�u�o�� �g�h�k�b�l�_�e�y�o�� ���k�_�n�Z�j�h�a�Z���� �Z�]�Z�j�h�a�Z����
�f�Z�]�g�b�l�g�u�_���q�Z�k�l�b�p�u�����i�h�a�\�h�e�y�_�l���i�h�e�m�q�b�l�v��
�\�u�k�h�d�h�h�q�b�s�_�g�g�u�c���i�j�_�i�Z�j�Z�l���[�_�e�d�Z���\���n�Z�d��
�l�b�q�_�k�d�b���\���h�^�b�g���w�l�Z�i���b  �e�_�]�d�h���f�Z�k�r�l�Z�[�b�j�m��
�_�l�k�y�����G�Z���i�_�j�\�h�f���w�l�Z�i�_���i�j�h�b�k�o�h�^�b�l���k�i�_�p�b��
�n�b�q�_�k�d�h�_���k�\�y�a�u�\�Z�g�b�_���h�k�l�Z�l�d�h�\���]�b�k�l�b�^�b�g�Z��
���]�b�k�l�b�^�b�g�h�\�h�c���f�_�l�d�b���b�e�b���³�l�Z�]�Z�´�����[�_�e�d�Z���k��
�b�h�g�Z�f�b���g�b�d�_�e�y�����d�h�\�Z�e�_�g�l�g�h���i�j�b�r�b�l�u�f�b���d��
�g�h�k�b�l�_�e�x�����Z���a�Z�l�_�f�����i�h�k�e�_���k�_�j�b�b���i�j�h�f�u�\�h�d��
�h�l�� �g�_�k�i�_�p�b�n�b�q�_�k�d�b�� �Z�^�k�h�j�[�b�j�h�\�Z�g�g�u�o��
�[�_�e�d�h�\�����p�_�e�_�\�h�c���[�_�e�h�d���k�g�b�f�Z�_�l�k�y���k���g�h�k�b��
�l�_�e�y�� �\�u�k�h�d�b�f�b�� �d�h�g�p�_�g�l�j�Z�p�b�y�f�b�� �b�f�b�^�Z��
�a�h�e�Z���� �d�h�l�h�j�u�_�� �a�Z�f�_�s�Z�x�l�� �]�b�k�l�b�^�b�g�����L�_�f��
�g�_���f�_�g�_�_�����\�u�o�h�^���q�b�k�l�h�]�h���'�H�R�5���\���w�l�h�f���k�e�m��
�q�Z�_���[�u�e���h�q�_�g�v���f�Z�e���± �k���l�j�_�o���e�b�l�j�h�\���d�m�e�v��
�l�m�j�u�� �[�Z�d�l�_�j�b�c-�k�m�i�_�j�i�j�h�^�m�p�_�g�l�h�\�� �[�u�e�h��
�i�h�e�m�q�_�g�h���\�k�_�]�h���������f�]���i�j�_�i�Z�j�Z�l�Z���[�_�e�d�Z���>���@����
�o�h�l�y���_�]�h���q�b�k�l�h�l�Z���[�u�e�Z���k�m�s�_�k�l�\�_�g�g�h���\�u�r�_��
�b���k�h�k�l�Z�\�e�y�e�Z���h�d�h�e�h������������ 

�?�s�_���h�^�g�b�f���\�Z�j�b�Z�g�l�h�f���Z�n�n�b�g�g�h�c���o�j�h��
�f�Z�l�h�]�j�Z�n�b�b�� �^�e�y�� �h�q�b�k�l�d�b�� �j�_�]�m�e�y�l�h�j�Z�� �k�_��
�f�_�c�k�l�\�Z�� �'�H�R�5�� �f�h�`�_�l�� �[�u�l�v�� �o�j�h�f�Z�l�h�]�j�Z��
�n�b�y�� �k�� �b�k�i�h�e�v�a�h�\�Z�g�b�_�f�� �\�� �d�Z�q�_�k�l�\�_�� �f�_�l�d�b��
�[�_�e�d�Z���� �k�\�y�a�u�\�Z�x�s�_�]�h�� �f�Z�e�v�l�h�a�m�� ���P�D�O�W�R�V�H��
�E�L�Q�G�L�Q�J�� �S�U�R�W�H�L�Q���� �0�%�3������ �L�Z�d�b�f�� �h�[�j�Z�a�h�f��
�[�u�e�Z�� �i�j�h�\�_�^�_�g�Z�� �h�q�b�k�l�d�Z�� �j�_�]�m�e�y�l�h�j�Z��
�l�j�Z�g�k�i�h�j�l�Z�� �b�� �m�l�b�e�b�a�Z�p�b�b�� �/-�Z�k�d�h�j�[�Z�l�Z��
�8�O�D�5�� �>�����@���� �B�k�i�h�e�v�a�h�\�Z�g�b�_�� �0�%�3�� �i�h�a�\�h��
�e�b�e�h�� �m�\�_�e�b�q�b�l�v�� �j�Z�k�l�\�h�j�b�f�h�k�l�v�� �j�_�d�h�f�[�b��
�g�Z�g�l�g�h�]�h���[�_�e�d�Z���b���m�k�b�e�b�l�v���w�n�n�_�d�l�b�\�g�h�k�l�v��
�k�\�y�a�u�\�Z�g�b�y�� �k�� �g�h�k�b�l�_�e�_�f�� �i�h�� �k�j�Z�\�g�_�g�b�x�� �k��
Ni-�1�7�$���� �H�^�g�Z�d�h���� �d�Z�d�� �b�� �\�� �k�e�m�q�Z�_�� �b�k�i�h�e�v��
�a�h�\�Z�g�b�y���\���d�Z�q�_�k�l�\�_���f�_�l�d�b���]�e�m�l�Z�l�b�h�g�k�m�e�v��
�n�h�l�j�Z�g�k�n�_�j�Z�a�u���� �0�%�3���a�Z���k�q�_�l�� �k�\�h�_�]�h���j�Z�a��
�f�_�j�Z�� ���h�d�h�e�h�� ������ �d�>�Z���� �f�h�`�_�l�� �i�h�\�e�b�y�l�v�� �g�Z��
�k�l�j�m�d�l�m�j�m�� �[�_�e�d�Z�� �b�� �_�]�h�� �n�m�g�d�p�b�h�g�Z�e�v�g�m�x��
�Z�d�l�b�\�g�h�k�l�v���� �I�h�w�l�h�f�m�� �g�_�h�[�o�h�^�b�f�h�� �i�j�h�\�_��
�^�_�g�b�_���^�h�i�h�e�g�b�l�_�e�v�g�h�]�h���n�_�j�f�_�g�l�Z�l�b�\�g�h�]�h��
�h�l�s�_�i�e�_�g�b�y�� �0�%�3�� �b�� �h�q�b�k�l�d�b�� �h�l�� �0�%�3�� �b��
�i�j�h�l�_�Z�a�u�����q�l�h���m�k�e�h�`�g�y�_�l���b���m�^�e�b�g�y�_�l���i�j�h��
�l�h�d�h�e�����i�j�b�\�h�^�y���d���k�g�b�`�_�g�b�x���\�u�o�h�^�Z���p�_�e�_��
�\�h�]�h�� �[�_�e�d�Z���� �>�Z�g�g�u�_�� �h�� �k�i�h�k�h�[�Z�o�� �h�q�b�k�l�d�b��
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�^�j�m�]�b�o�� �l�j�Z�g�k�d�j�b�i�p�b�h�g�g�u�o�� �n�Z�d�l�h�j�h�\�� �k�_��
�f�_�c�k�l�\�Z���'�H�R�5���\��E. coli �g�Z���g�Z�k�l�h�y�s�b�c���f�h��
�f�_�g�l���h�l�k�m�l�k�l�\�m�x�l�� 

�R�l�Z�f�f��E. coli Nissle 1917 (EcN) �± �h�^�b�g��
�b�a�� �i�j�h�[�b�h�l�b�q�_�k�d�b�o�� �r�l�Z�f�f�h�\�� �d�b�r�_�q�g�u�o��
�i�Z�e�h�q�_�d�����d�h�l�h�j�u�c���b�f�_�_�l���l�Z�d�h�c���`�_���f�_�l�Z�[�h��
�e�b�q�_�k�d�b�c���i�j�h�n�b�e�v�����d�Z�d���b���^�j�m�]�b�_���r�l�Z�f�f�u��
�?�����k�R�O�L�����g�h���g�_���g�_�k�z�l���\���k�\�h�_�f���]�_�g�h�f�_���n�Z�d�l�h��
�j�h�\���i�Z�l�h�]�_�g�g�h�k�l�b���b���g�_���i�j�h�^�m�p�b�j�m�_�l���w�g�l�_��
�j�h�l�h�d�k�b�g�h�\�����(�F�1���y�\�e�y�_�l�k�y���h�k�g�h�\�g�u�f���d�h�f��
�i�h�g�_�g�l�h�f�� �i�j�_�i�Z�j�Z�l�Z�� �©�F�m�l�Z�n�e�h�j�ª���� �d�h�l�h��
�j�u�c�� �Z�d�l�b�\�g�h�� �b�k�i�h�e�v�a�m�x�l�� �^�e�y�� �e�_�q�_�g�b�y��
�g�Z�j�m�r�_�g�b�c�� �d�b�r�_�q�g�h�]�h�� �f�b�d�j�h�[�b�h�f�Z�� �>��������
�����@���� �D�h�e�b�q�_�k�l�\�h�� �]�_�g�h�\���� �\�o�h�^�y�s�b�o�� �\��yih-
�d�Z�k�k�_�l�m���� �m�� �(�F�1�� �f�_�g�v�r�_���� �q�_�f�� �m�� �.-12 
�0�*������������ �^�e�y�� �d�h�l�h�j�h�]�h�� �[�u�e�h�� �i�h�d�Z�a�Z�g�h��
�m�q�Z�k�l�b�_�� �w�l�b�o�� �]�_�g�h�\�� �\�� �f�_�l�Z�[�h�e�b�a�f�_���k�m�e�v��
�n�h�k�Z�o�Z�j�h�\���± �\�k�_�]�h�� ���� �b�a�� �������� �I�j�b�� �w�l�h�f�� �i�h��
�j�_�a�m�e�v�l�Z�l�Z�f�� �k�j�Z�\�g�b�l�_�e�v�g�h-�]�_�g�h�f�g�h�]�h��
�Z�g�Z�e�b�a�Z���<�L�K�:�����&�V�T�5�����b�a���1�L�V�V�O�H�������������b�f�_�_�l��
�\�k�_�]�h�����������k�o�h�^�k�l�\�Z���k���[�_�e�d�h�f���b�a��E. coli K-
12 (�j�b�k�� 1). �J�Z�g�_�_�� �g�Z�f�b�� �m�`�_�� �[�u�e�� �h�q�b�s�_�g��
�[�_�e�h�d���&�V�T�5���b�a���e�Z�[�h�j�Z�l�h�j�g�h�]�h���r�l�Z�f�f�Z��E. 
coli K-������ �0�*���������� �k�� �i�h�f�h�s�v�x�� �k�l�Z�g�^�Z�j�l��
�g�h�]�h�� �i�j�h�l�h�d�h�e�Z�� �Z�n�n�b�g�g�h�c�� �o�j�h�f�Z�l�h�]�j�Z��
�n�b�b���>�����@���� 

�A�Z�^�Z�q�_�c�� �g�Z�k�l�h�y�s�_�]�h�� �b�k�k�e�_�^�h�\�Z�g�b�y��
�[�u�e�h�� �i�h�e�m�q�_�g�b�_�� �h�q�b�s�_�g�g�h�]�h�� �i�j�_�i�Z�j�Z�l�Z��
�[�_�e�d�Z���<�L�K�:�� ���&�V�T�5�����b�a��E. coli Nissle 1917 
�b���h�p�_�g�d�Z���_�]�h���n�m�g�d�p�b�h�g�Z�e�v�g�h�c���Z�d�l�b�\�g�h�k�l�b��
�^�e�y�� �^�Z�e�v�g�_�c�r�_�]�h�� �b�a�m�q�_�g�b�y�� �f�_�o�Z�g�b�a�f�h�\��
�n�m�g�d�p�b�h�g�b�j�h�\�Z�g�b�y�� �k�m�e�v�n�h�]�e�b�d�h�e�b�a�Z�� �b��
�_�]�h���j�_�]�m�e�y�p�b�b���\���i�j�h�[�b�h�l�b�q�_�k�d�h�f���r�l�Z�f�f�_���� 

�W�d�k�i�_�j�b�f�_�g�l�Z�e�v�g�Z�y���q�Z�k�l�v 

�K�h�a�^�Z�g�b�_�� �w�d�k�i�j�_�k�k�b�h�g�g�h�]�h�� �\�_�d�l�h�j�Z. 
�W�d�k�i�j�_�k�k�b�h�g�g�u�c�� �\�_�d�l�h�j�� �[�u�e�� �k�h�a�^�Z�g�� �g�Z��
�h�k�g�h�\�_���S�*�(�0�û�;�E�D�����w�d�k�i�j�_�k�k�b�h�g�g�u�c���\�_�d��
�l�h�j���g�Z���[�Z�a�_���S�*�(�0�(�;�������3�U�R�P�H�J�D�������$�P�S�5����
�>�����@�����<�_�d�l�h�j���k�h�^�_�j�`�b�l���i�j�h�f�h�l�h�j���J�G�D-�i�h��
�e�b�f�_�j�Z�a�u�� �n�Z�]�Z�� �7������ �^�e�y�� �b�g�^�m�d�p�b�b�� �l�j�Z�g��
�k�d�j�b�i�p�b�b�� �k�� �d�h�l�h�j�h�]�h�� �b�k�i�h�e�v�a�m�_�l�k�y�� �b�a�h��
�i�j�h�i�b�e-��-D-1-�l�b�h�]�Z�e�Z�d�l�h�i�b�j�Z�g�h�a�b�^��
(IPTG). �>�e�y�� �Z�f�i�e�b�n�b�d�Z�p�b�b�� �]�_�g�Z��yihW 
(csqR���� �k�� �]�_�g�h�f�g�h�c�� �>�G�D�� �r�l�Z�f�f�Z��E. coli 
Nissle 1917 (GenBank NZ_CP082949.1) 
�[�u�e�b�� �b�k�i�h�e�v�a�h�\�Z�g�u�� �h�e�b�]�h�g�m�d�e�_�h�l�b�^�u����
�k�h�^�_�j�`�Z�s�b�_�� �k�Z�c�l�u�� �m�a�g�Z�\�Z�g�b�y�� �j�_�k�l�j�b�d��
�l�Z�a�u���;�E�D�,�����\�u�^�_�e�_�g�u���`�b�j�g�u�f���r�j�b�n�l�h�f����
(�l�Z�[�e�� ���������>�e�y���\�h�a�f�h�`�g�h�k�l�b���h�q�b�k�l�d�b���[�_�e�d�Z��
�k���i�h�f�h�s�v�x���Z�n�n�b�g�g�h�c���o�j�h�f�Z�l�h�]�j�Z�n�b�b���g�Z��
Ni (Ni-�g�b�l�j�b�e�h�l�j�b�m�d�k�m�k�g�Z�y�� �d�b�k�e�h�l�Z�����± 
�1�7�$�� �k�f�h�e�_�� �g�Z�� ���¶- �d�h�g�_�p�� �f�J�G�D��yihW 
(csqR���� �[�u�e�Z�� �^�h�[�Z�\�e�_�g�Z�� �i�h�k�e�_�^�h�\�Z�l�_�e�v��
�g�h�k�l�v�����d�h�^�b�j�m�x�s�Z�y���r�_�k�l�v���i�h�k�e�_�^�h�\�Z�l�_�e�v��
�g�u�o���]�b�k�l�b�^�b�g�h�\�����K�L�V-�W�D�J�������I�j�Z�c�f�_�j�u���[�u�e�b��
�k�d�h�g�k�l�j�m�b�j�h�\�Z�g�u�� �^�e�y�� �^�\�m�o�� �\�Z�j�b�Z�g�l�h�\��
�\�_�d�l�h�j�g�h�c���\�k�l�Z�\�d�b����reg �± �d�j�h�f�_���k�h�[�k�l�\�_�g��
�g�h�]�h���]�_�g�Z��yihW (csqR) �\�k�l�Z�\�d�Z���b�f�_�_�l���g�Z�����¶-
�d�h�g�p�_�� �f�J�G�D�� �k�h�[�k�l�\�_�g�g�u�c�� �k�Z�c�l�� �k�\�y�a�u�\�Z��
�g�b�y�� �j�_�]�m�e�y�l�h�j�g�u�o�� �[�_�e�d�h�\�� �b�� �j�b�[�h�k�h�f�u����
noreg �± �l�h�e�v�d�h�� �\�k�l�Z�\�d�Z�� �]�_�g�Z��yihW (csqR) 
�g�_�i�h�k�j�_�^�k�l�\�_�g�g�h�� �i�h�^�� �7��-�i�j�h�f�h�l�h�j���� �W�l�h��
�[�u�e�h���k�^�_�e�Z�g�h���^�e�y���l�h�]�h�����q�l�h�[�u���\�u�d�e�x�q�Z�l�v��
�l�j�Z�g�k�d�j�b�i�p�b�x�� �]�_�g�Z��yihW (csqR���� �i�j�b�� �k�m��
�i�_�j�i�j�h�^�m�d�p�b�b���[�_�e�d�Z���\���d�e�_�l�d�_�����l�_�f���k�Z�f�u�f��
�i�h�a�\�h�e�y�y�� �l�j�Z�g�k�d�j�b�i�p�b�h�g�g�h�f�m�� �n�Z�d�l�h�j�m��

 
�J�b�k. �������K�j�Z�\�g�_�g�b�_���Z�f�b�g�h�d�b�k�e�h�l�g�u�o���i�h�k�e�_�^�h�\�Z�l�_�e�v�g�h�k�l�_�c���<�L�K�:�����&�V�T�5�����b�a���r�l�Z�f�f�h�\��E. 

coli K-�������0�*�����������b���1�L�V�V�O�H�������������k���i�h�f�h�s�v�x���b�g�k�l�j�m�f�_�g�l�Z���%�/�$�6�7�����D�j�Z�k�g�u�f�b���i�j�y�f�h�m�]�h�e�v��
�g�b�d�Z�f�b���\�u�^�_�e�_�g�u���Z�f�b�g�h�d�b�k�e�h�l�u�����h�l�\�_�q�Z�x�s�b�_���a�Z���\�a�Z�b�f�h�^�_�c�k�l�\�b�_���[�_�e�d�Z���k���e�b�]�Z�g�^�h�f���>�����@�� 

Fig. 1. Comparison of the E. coli K-12 MG1655 and Nissle 1917 YihW (CsqR) amino acid 
sequences using the BLAST tool. The amino acids responsible for the interaction of the protein 

with the ligand are highlighted in red rectangles [13]. 
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�g�Z�d�Z�i�e�b�\�Z�l�v�k�y�� �i�j�_�b�f�m�s�_�k�l�\�_�g�g�h�� �\�� �j�Z�k��
�l�\�h�j�b�f�h�c�� �n�j�Z�d�p�b�b�� �d�e�_�l�h�q�g�h�]�h�� �e�b�a�Z�l�Z����
�d�Z�d���w�l�h���[�u�e�h���k�^�_�e�Z�g�h���\���>�����������@�����I�h�e�m�q�_�g��
�g�u�_�� �\�_�d�l�h�j�u�� �[�u�e�b�� �g�Z�a�\�Z�g�u��
�S�*�(�0�B�<�L�K�:�B�1�L�V�V�O�H�B�U�H�J�� �b��
�S�*�(�0�B�<�L�K�:�B�1�L�V�V�O�H�B�Q�R�U�H�J�� �b�� �i�j�h�\�_�j�_�g�u��
�g�Z���h�l�k�m�l�k�l�\�b�_���f�m�l�Z�p�b�c���i�j�y�f�u�f�� �k�_�d�\�_�g�b��
�j�h�\�Z�g�b�_�f���i�h���K�_�g�]�_�j�m�����?�\�j�h�]�_�g�����J�h�k�k�b�y���� 

�R�l�Z�f�f��E. coli �1�L�V�V�O�H�������������[�u�e���i�h�e�m�q�_�g��
�b�a�� �i�j�_�i�Z�j�Z�l�Z�� �©�F�m�l�Z�n�e�h�j�ª�� ���$�U�G�H�\�S�K�D�U�P��
�*�P�E�+���� �=�_�j�f�Z�g�b�y���� �i�h�k�j�_�^�k�l�\�h�f�� �\�u�k�_�\�Z��
�k�g�Z�q�Z�e�Z�� �\�� �`�b�^�d�m�x���� �Z�� �i�h�l�h�f�� �g�Z�� �l�\�_�j�^�m�x��
�k�j�_�^�m�� �/�%�� ���/�X�U�L�D-�%�H�U�W�D�Q�L�� �������� �]���^�f3 �l�j�b�i��
�l�h�g�Z���� �����]���^�f3 �^�j�h�`�`�_�\�h�]�h�� �w�d�k�l�j�Z�d�l�Z�� 
10 �]���^�f3 �1�D�&�O�� �������� �h�i�p�b�h�g�Z�e�v�g�h�� �Z�]�Z�j 
20 �]���^�f3������ �k�� �i�h�k�e�_�^�h�\�Z�l�_�e�v�g�u�f�� �j�Z�a�[�Z�\�e�_��
�g�b�_�f�� �b�� �h�l�[�h�j�h�f�� �q�b�k�l�u�o�� �d�h�e�h�g�b�c���� �>�e�y��
�i�h�^�l�\�_�j�`�^�_�g�b�y���i�j�b�g�Z�^�e�_�`�g�h�k�l�b���\�u�k�_�y�g��
�g�h�]�h�� �r�l�Z�f�f�Z�� �d��E. coli �1�L�V�V�O�H�� ���������� �[�u�e�h��

�i�j�h�\�_�^�_�g�h�� �i�h�e�g�h�]�_�g�h�f�g�h�_�� �k�_�d�\�_�g�b�j�h�\�Z��
�g�b�_�����3�5�-�1�$�����������������,�'�����������������������<���d�Z�q�_��
�k�l�\�_�� �j�_�n�_�j�_�g�k�g�h�]�h�� �]�_�g�h�f�Z�� �b�k�i�h�e�v�a�h�\�Z�e�b��
�]�_�g�h�f��Escherichia coli �1�L�V�V�O�H�������������b�a���[�Z�a�u��
�^�Z�g�g�u�o�� �*�H�Q�%�D�Q�N�� ���b�^�_�g�l�b�n�b�d�Z�l�h�j����
NZ_CP082949.1).  

�K�m�i�_�j�i�j�h�^�m�d�p�b�y�� �[�_�e�d�Z�� �<�L�K�:�� ���&�V�T�5��. 
�>�e�y���i�h�^�[�h�j�Z���h�i�l�b�f�Z�e�v�g�u�o���m�k�e�h�\�b�c���b�g�^�m�d��
�p�b�b�� �[�_�e�d�Z�� �<�L�K�:�� �\�� �]�h�f�h�e�h�]�b�q�g�h�c�� �k�b�k�l�_�f�_��
�[�u�e�b�� �b�k�i�h�e�v�a�h�\�Z�g�u�� �r�l�Z�f�f�u��E. coli 
�%�/�����
���'�(�������b���%�/�������'�(����-Codon Plus-RIL, 
�\���]�_�g�h�f�_���d�h�l�h�j�u�o���k�h�^�_�j�`�b�l�k�y���]�_�g���J�G�D-�i�h��
�e�b�f�_�j�Z�a�u���n�Z�]�Z���7�������D�e�_�l�d�b���l�j�Z�g�k�n�h�j�f�b�j�h��
�\�Z�e�b���k���i�h�f�h�s�v�x���o�b�f�b�q�_�k�d�h�c���l�j�Z�g�k�n�h�j�f�Z��
�p�b�b�� �\�_�d�l�h�j�Z�f�b�� �S�*�(�0�B�<�L�K�:�B�1�L�V�V�O�H�B�U�H�J�� �b��
�S�*�(�0�B�<�L�K�:�B�1�L�V�V�O�H�B�Q�R�U�H�J�� �b�� �j�Z�k�l�b�e�b�� �g�Z��
�l�\�_�j�^�h�c�� �k�j�_�^�_�� �/�%�� �\�� �i�j�b�k�m�l�k�l�\�b�b 200 
�f�d�]���f�e�� �Z�f�i�b�p�b�e�e�b�g�Z�� �����6�����5�����5��-6- [(R)-

�L�Z�[�e�b�p�Z 1. �I�j�Z�c�f�_�j�u �^�e�y �Z�f�i�e�b�n�b�d�Z�p�b�b 
Table 1. Primers for amplification. 

�G�Z�a�\�Z�g�b�_���h�e�b�]�h�g�m�d�e�_�h��
�l�b�^�Z�����i�j�Z�c�f�_�j�Z�� 

�I�h�k�e�_�^�h�\�Z�l�_�e�v�g�h�k�l�v���h�e�b�]�h�g�m�d�e�_�h�l�b�^�Z 

Nissle_YihW_Fwd_reg ���¶���± ATGCTCTAGA TGGTAAACATCTACCG �±���¶ 
Nissle_YihW_Fwd_noreg ���¶���± AAAT TCTAGA CATCTACCGAGGAG �± ���¶ 

NissleYihW_Rev_his ���¶- 
AGTTTCTAGA TCAGTGATGGTGATGGTGATGGGATACTTCTTGCTCGGCA�± 
���¶ 

 

 
�J�b�k. �������I�h�^�[�h�j���m�k�e�h�\�b�c���k�m�i�_�j�i�j�h�^�m�d�p�b�b���<�L�K�:�����&�V�T�5�����b�a��E. coli �1�L�V�V�O�H�������������I�j�b�\�_�^�_�g�u��

�^�Z�g�g�u�_���^�e�y���r�l�Z�f�f�Z���%�/���������'�(�������5�,�/�����>�:�@���± �i�j�h�[�u�����h�l�h�[�j�Z�g�g�u�_���i�h�k�e�_�������q�Z�k�h�\���b�g�^�m�d�p�b�b��
���^�h�j�h�`�d�b����-5, 9-11 �± �������f�d�F���,�3�7�*������-8, 12-14 �± �������f�d�F���,�3�7�*�������>�;�@���± �i�j�h�[�u�����h�l�h�[�j�Z�g�g�u�_��

�i�h�k�e�_���������q�Z�k�h�\���b�g�^�m�d�p�b�b�����^�h�j�h�`�d�b���������������b����-11 �± �������f�d�F���,�3�7�*������-8, 12-14 �± �������f�d�F��
IPTG). K �± �d�h�g�l�j�h�e�v���^�h���b�g�^�m�d�p�b�b�����F���± �f�Z�j�d�_�j���[�_�e�d�h�\�h�]�h���\�_�k�Z�����L���± �l�h�l�Z�e�v�g�Z�y���n�j�Z�d�p�b�y�� 

�J���± �j�Z�k�l�\�h�j�b�f�Z�y���n�j�Z�d�p�b�y�����G���± �g�_�j�Z�k�l�\�h�j�b�f�Z�y���n�j�Z�d�p�b�y�� 
Fig. 2. Search for the optimal conditions for the overproduction of YihW (CsqR) from E. coli 
Nissle 1917. Data for the BL21 (DE3) RIL strain are presented. [A] �± samples taken after  

5 hours of induction (tracks 3-5, 9-11 �± 50 mkM IPTG, 6-8, 12-14 �± 100 mkM IPTG); 
[B] �± samples taken after 20 hours of induction (tracks 2,3,5 and 9-11 �± 50 mkM IPTG, 6-8, 12-
14 �± 100 mkM IPTG). K �± control before induction, M �± protein weight marker, T �± total frac-

tion, P �± soluble fraction, H �± insoluble fraction. 
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2-�Z�f�b�g�h-2-�n�_�g�b�e�Z�p�_�l�Z�f�b�^�h�@-3,3-�^�b�f�_��
�l�b�e-7-�h�d�k�h-4-�l�b�Z-1-�Z�a�Z�[�b�p�b�d�e�h�>�����������@-
�]�_�i�l�Z�g-���� �d�Z�j�[�h�g�h�\�Z�y���d�b�k�e�h�l�Z���\�� �\�b�^�_���l�j�b��
�]�b�^�j�Z�l�Z���g�Z�l�j�b�_�\�h�c���k�h�e�b�����i�j�b�������ƒ�&���^�h���i�h��
�y�\�e�_�g�b�y�� �h�l�q�_�l�e�b�\�h�� �\�b�^�b�f�u�o�� �d�h�e�h�g�b�c��
���h�d�h�e�h���������q�Z�k�h�\�������L�j�Z�g�k�n�h�j�f�Z�g�l�u���i�_�j�_�k�_��
�\�Z�e�b���\���`�b�^�d�m�x���k�l�_�j�b�e�v�g�m�x���k�j�_�^�m���/�%�����k�h��
�^�_�j�`�Z�s�m�x�� �������� �f�d�]���k�f3 �Z�f�i�b�p�b�e�e�b�g�Z���� �b��
�j�Z�k�l�b�e�b�� �i�j�b�� �����ƒ�K�� �b�� �i�h�k�l�h�y�g�g�h�f�� �i�_�j�_�f�_��
�r�b�\�Z�g�b�b�� �������� �h�[���f�b�g�� �g�Z�� �\�h�a�^�m�r�g�h�c�� �[�Z�g�_��
(Bio-�V�D�Q�����E�Z�l�\�b�y�����h�d�h�e�h������-�l�b���q�Z�k�h�\���������k�f3 
�i�h�e�m�q�_�g�g�u�o���d�m�e�v�l�m�j���i�_�j�_�g�h�k�b�e�b���\�����������f�e��
�`�b�^�d�h�c�� �k�l�_�j�b�e�v�g�h�c�� �k�j�_�^�u�� �/�%�� �b�e�b�� �7�%��
���7�H�U�U�L�I�L�F���%�U�R�W�K�����������]���^�f3 �d�Z�a�_�b�g�h�\�h�]�h���i�_�i��
�l�h�g�Z���������]���^�f3 �^�j�h�`�`�_�\�h�]�h���w�d�k�l�j�Z�d�l�Z��������������
�]�e�b�p�_�j�b�g�Z���� ���������� �F�� �.�+2PO4���� ���������� �F��
K2HPO4������ �k�� �������� �f�d�]���k�f3 �Z�f�i�b�p�b�e�e�b�g�Z�� �b��
�j�Z�k�l�b�e�b�� �i�j�b�� �i�_�j�_�f�_�r�b�\�Z�g�b�b�� �������� �h�[���f�b�g��
�g�Z���\�h�a�^�m�r�g�h�c���[�Z�g�_���b�������ƒ�K���^�h���^�h�[�Z�\�e�_�g�b�y��
�b�g�^�m�d�l�h�j�Z�� �,�3�7�*�� �g�Z�� �a�g�Z�q�_�g�b�b�� �H�I600 = 
0.15-�����������>�e�y���h�i�l�b�f�b�a�Z�p�b�b���i�j�h�l�h�d�h�e�Z���b�k��
�i�h�e�v�a�h�\�Z�e�b�� �j�Z�a�e�b�q�g�u�_�� �d�h�g�p�_�g�l�j�Z�p�b�b��
�,�3�7�*�����������f�d�F�����������f�d�F���������f�d�F�������������f�d�F����
���f�F�����b���j�Z�a�g�h�_���\�j�_�f�y���i�j�h�^�h�e�`�b�l�_�e�v�g�h�k�l�b��
�b�g�^�m�d�p�b�b�� �������� ���� �b�� ������ �q�Z�k�h�\������ �J�Z�a�^�_�e�_�g�b�_��
�[�_�e�d�h�\�� �d�e�_�l�h�q�g�h�]�h�� �e�b�a�Z�l�Z�� �g�Z�� �j�Z�k�l�\�h�j�b��
�f�m�x�� �b�� �g�_�j�Z�k�l�\�h�j�b�f�m�x�� �n�j�Z�d�p�b�x�� �i�j�h�\�h��
�^�b�e�b���k�� �i�h�f�h�s�v�x�� �j�_�Z�d�l�b�\�Z�� �%�X�J�%�X�V�W�H�U��
���0�L�O�O�L�S�R�U�H���� �K�R�:������ �M�j�h�\�_�g�v�� �w�d�k�i�j�_�k�k�b�b��
�[�_�e�d�Z���h�p�_�g�b�\�Z�e�b���i�j�b���i�h�f�h�s�b���w�e�_�d�l�j�h�n�h��
�j�_�a�Z���\���^�_�g�Z�l�m�j�b�j�m�x�s�_�f���������������i�h�e�b�Z�d�j�b��
�e�Z�f�b�^�g�h�f�� �]�_�e�_�� ���I�:�:�=���� �k�� �h�d�j�Z�r�b�\�Z�g�b�_�f��
�D�m�f�Z�k�k�b�� �5-�������� �i�h�� �k�l�Z�g�^�Z�j�l�g�h�f�m�� �i�j�h�l�h��
�d�h�e�m�����J�_�a�m�e�v�l�Z�l�u���i�h�^�[�h�j�Z���m�k�e�h�\�b�c���b�g�^�m�d��
�p�b�b���i�j�_�^�k�l�Z�\�e�_�g�u���g�Z���j�b�k����2�����D�e�_�l�d�b���k���k�m��
�i�_�j�i�j�h�^�m�p�b�j�h�\�Z�g�g�u�f�� �<�L�K�:�� �h�k�Z�`�^�Z�e�b��
�p�_�g�l�j�b�n�m�]�b�j�h�\�Z�g�b�_�f�� �i�j�b�� ���������� �h�[���f�b�g�� �\��
�l�_�q�_�g�b�_�� ������ �f�b�g�m�l�� �i�j�b�� �����ƒ�K�� �g�Z�� �p�_�g�l�j�b��
�n�m�]�_���(�S�S�H�Q�G�R�U�I�����������5�����=�_�j�f�Z�g�b�y������ 

�G�b�d�_�e�v-�Z�n�n�b�g�g�Z�y�� �o�j�h�f�Z�l�h�]�j�Z�n�b�y�� �g�Z��
�k�i�b�g-�d�h�e�h�g�d�Z�o. �>�e�y�� �[�u�k�l�j�h�c�� �h�q�b�k�l�d�b��
�[�_�e�d�Z�� �<�L�K�:�� ���&�V�T�5���� �b�k�i�h�e�v�a�h�\�Z�e�b�� �g�Z�[�h�j��
Ni-�1�7�$���6�S�L�Q���.�L�W���������������4�L�D�J�H�Q�����=�_�j�f�Z�g�b�y��. 
�<���k�h�k�l�Z�\���g�Z�[�h�j�Z���\�o�h�^�y�l���d�h�e�h�g�d�b���^�e�y���p�_�g��
�l�j�b�n�m�]�b�j�h�\�Z�g�b�y���� �k�h�^�_�j�`�Z�s�b�_�� �k�b�e�b�d�Z�]�_��
�e�_�\�m�x���1�L-�1�7�$���k�f�h�e�m�����d�h�l�h�j�Z�y���k�h�q�_�l�Z�_�l���\��
�k�_�[�_�� �\�k�_�� �i�j�_�b�f�m�s�_�k�l�\�Z�� �1�L-�1�7�$�� �g�h�k�b�l�_��
�e�_�c���b���k�b�e�b�d�Z�]�_�e�y�����f�b�g�b�f�b�a�b�j�m�x�s�_�]�h���g�_��

�k�i�_�p�b�n�b�q�_�k�d�b�_���]�b�^�j�h�n�h�[�g�u�_���\�a�Z�b�f�h�^�_�c��
�k�l�\�b�y���� �1�L-�1�7�$�� �k�b�e�b�d�Z�]�_�e�_�\�Z�y�� �k�f�h�e�Z�� �f�h��
�`�_�l���[�u�l�v���b�k�i�h�e�v�a�h�\�Z�g�Z���^�e�y���h�q�b�k�l�d�b���[�_�e��
�d�h�\���d�Z�d���\���g�Z�l�b�\�g�u�o�����l�Z�d���b���\���^�_�g�Z�l�m�j�b�j�m�x��
�s�b�o�� �m�k�e�h�\�b�y�o�� �>�����@���� �<�� �^�Z�g�g�h�c�� �j�Z�[�h�l�_�� �f�u��
�f�h�^�b�n�b�p�b�j�h�\�Z�e�b�� �i�j�h�l�h�d�h�e�� �i�j�h�b�a�\�h�^�b��
�l�_�e�y�� �^�e�y�� �h�q�b�k�l�d�b�� �\�� �^�_�g�Z�l�m�j�b�j�m�x�s�b�o��
�m�k�e�h�\�b�y�o�� �>�����@���� �q�l�h�� �i�h�a�\�h�e�b�e�h�� �m�\�_�e�b�q�b�l�v��
�\�u�o�h�^�� �p�_�e�_�\�h�]�h�� �j�_�d�h�f�[�b�g�Z�g�l�g�h�]�h�� �[�_�e�d�Z����
�>�e�y���w�l�h�]�h���h�k�Z�^�h�d���d�e�_�l�h�d�����k�h�^�_�j�`�Z�s�b�o���p�_��
�e�_�\�h�c�� �[�_�e�h�d���� �l�s�Z�l�_�e�v�g�h�� �j�_�k�m�k�i�_�g�^�b�j�h��
�\�Z�e�b�� �\�� �j�Z�k�l�\�h�j�_�� �k�l�_�j�b�e�v�g�h�]�h�� �� �h�^�g�h�d�j�Z�l��
�g�h�]�h�� �n�h�k�n�Z�l�g�h-�k�h�e�_�\�h�]�h�� �[�m�n�_�j�Z�� �����o�3�%�6����
�������� �f�0�� �1�D�&�O���� �������� �f�F�� �.�&�O���� ������ �f�F��
Na2HPO4�������������f�F���.�+2PO4�����S�+���������������k�g�h�\�Z��
�p�_�g�l�j�b�n�m�]�b�j�h�\�Z�e�b���i�j�b�������������h�[���f�b�g���\���l�_��
�q�_�g�b�_���������f�b�g�m�l���i�j�b�������ƒ�K���g�Z���p�_�g�l�j�b�n�m�]�_��
�(�S�S�H�Q�G�R�U�I�� ���������5�� ���=�_�j�f�Z�g�b�y������ �k�m�i�_�j�g�Z��
�l�Z�g�l���m�[�b�j�Z�e�b�����D���h�k�Z�^�d�m���^�h�[�Z�\�e�y�e�b���������k�f3 
���[�3�%�6���� �k�h�^�_�j�`�Z�s�_�]�h�� ���f�F�� �3�0�6�)��
���n�l�h�j���n�_�g�b�e���f�_�l�b�e�k�m�e�v�n�h�g�b�e���� �b�� ���f�F��
DTT (1,1,1-�l�j�b�o�e�h�j-2,2-�[�b�k����-�o�e�h�j�n�_��
�g�b�e���w�l�Z�g������ �l�s�Z�l�_�e�v�g�h�� �i�_�j�_�f�_�r�b�\�Z�e�b�� �� �b��
�i�h�^�\�_�j�]�Z�e�b�� �h�[�j�Z�[�h�l�d�_�� �m�e�v�l�j�Z�a�\�m�d�h�f��
���4�6�R�Q�L�F�D���6�R�Q�L�F�D�W�R�U���4�����������K�R�:�����\���l�_�q�_�g�b�_��
�������f�b�g�m�l���\���k�e�_�^�m�x�s�_�f���j�_�`�b�f�_�����������k�_�d�m�g�^��
�i�m�e�v�k���� ������ �k�_�d�m�g�^�� �\�u�d�e�x�q�_�g���� �������� �b�g�l�_�g��
�k�b�\�g�h�k�l�b�����I�h�k�e�_���h�[�j�Z�[�h�l�d�b���m�e�v�l�j�Z�a�\�m�d�h�f��
�h�[�j�Z�a�p�u�� �p�_�g�l�j�b�n�m�]�b�j�h�\�Z�e�b�� �i�j�b�� ������������
�h�[���f�b�g�� ������ �f�b�g�m�l�� �g�Z�� �g�Z�k�l�h�e�v�g�h�c�� �p�_�g�l�j�b��
�n�m�]�_�����0�L�Q�L�6�S�L�Q���3�O�X�V���� �=�_�j�f�Z�g�b�y�����i�j�b���d�h�f��
�g�Z�l�g�h�c���l�_�f�i�_�j�Z�l�m�j�_�����G�Z�^�h�k�Z�^�h�q�g�m�x���`�b�^��
�d�h�k�l�v�� �k�h�o�j�Z�g�y�e�b�� �i�j�b�� �����ƒ�K�� �^�e�y�� �^�Z�e�v�g�_�c��
�r�_�]�h�� �g�Z�g�_�k�_�g�b�y�� �g�Z�� �]�_�e�v�� �^�e�y�� �h�p�_�g�d�b�� �j�Z�k��
�l�\�h�j�b�f�h�c�� �n�j�Z�d�p�b�b�� �e�b�a�Z�l�Z���� �Z�� �h�k�Z�^�h�d�� �o�h��
�j�h�r�h�� �i�_�j�_�f�_�r�b�\�Z�e�b�� �\�� ���[�� �3�%�6���� �k�h�^�_�j�`�Z��
�s�_�f�� ������ �7�U�L�W�R�Q�� �;-100 (2-[4-(2,4,4-�l�j�b�f�_��
�l�b�e�i�_�g�l�Z�g-2-�b�e���n�_�g�h�d�k�b�@�w�l�Z�g�h�e������ ���f�F��
�'�7�7�����^�b�l�b�h�l�j�_�c�l�h�e�����b�����f�F���3�0�6�)���b���k�g�h�\�Z��
�p�_�g�l�j�b�n�m�]�b�j�h�\�Z�e�b�� ������ �������� �h�[���f�b�g�� ������ �f�b��
�g�m�l���g�Z���0�L�Q�L�6�S�L�Q���3�O�X�V���i�j�b���d�h�f�g�Z�l�g�h�c���l�_�f��
�i�_�j�Z�l�m�j�_���� �G�Z�^�h�k�Z�^�h�q�g�m�x�� �`�b�^�d�h�k�l�v�� �m�[�b��
�j�Z�e�b�����Z���h�k�Z�^�h�d���j�Z�k�l�\�h�j�y�e�b���\�������f�e���[�m�n�_�j�Z��
�^�e�y�� �g�Z�g�_�k�_�g�b�y�� �������f�F�� �1�D�+2PO4���� �������f�F��
�1�D�&�O���� ���f�F�� �b�f�b�^�Z�a�h�e�� �����G-�b�f�b�^�Z�a�h�e������ ���0��
�f�h�q�_�\�b�g�Z�� ���^�b�Z�f�b�^�� �m�]�h�e�v�g�h�c�� �d�b�k�e�h�l�u���� 
�S�+�� ���������� �b�� �g�Z�g�h�k�b�e�b�� �g�Z�� �i�j�_�^�\�Z�j�b�l�_�e�v�g�h��
�m�j�Z�\�g�h�\�_�r�_�g�g�m�x���k�i�b�g-�d�h�e�h�g�d�m�����D�h�e�h�g�d�m��
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�m�j�Z�\�g�h�\�_�r�b�\�Z�e�b�� �������� �f�d�e�� �[�m�n�_�j�Z�� �^�e�y��
�g�Z�g�_�k�_�g�b�y���������f�F���1�D�+2PO4�����������f�F���1�D�&�O����
���f�F�� �b�f�b�^�Z�a�h�e���� ���0�� �f�h�q�_�\�b�g�u���� �S�+�� ����������
�i�j�b�� ���������� �h�[���f�b�g�� ���� �f�b�g�m�l�u�� ���g�Z�� �p�_�g�l�j�b��
�n�m�]�_�� �(�S�S�H�Q�G�R�U�I�� �0�L�Q�L�6�S�L�Q�� �3�O�X�V������ �>�Z�e�_�_��
�g�Z�g�h�k�b�e�b�� �������� �f�d�e�� �i�h�^�]�h�l�h�\�e�_�g�g�h�]�h�� �h�[��
�j�Z�a�p�Z�����p�_�g�l�j�b�n�m�]�b�j�h�\�Z�e�b���i�j�b�������������h�[���f�b�g��
2 �f�b�g�m�l�u���� �^�h�[�Z�\�e�y�e�b�� �h�k�l�Z�l�d�b�� �h�[�j�Z�a�p�Z�� �b��
�p�_�g�l�j�b�n�m�]�b�j�h�\�Z�e�b�� �_�s�_�� ���� �f�b�g�m�l�� �i�j�b 
���������� �h�[���f�b�g���� �?�k�e�b���g�_���\�_�k�v���h�[�j�Z�a�_�p���m�k�i�_��
�\�Z�e���i�j�h�o�h�^�b�l�v���q�_�j�_�a���d�h�e�h�g�d�m�����l�h���p�_�g�l�j�b��
�n�m�]�b�j�h�\�Z�e�b�� �_�s�z�� ���� �f�b�g�m�l�u�� �i�j�b�� ����������
�h�[���f�b�g�� ���g�Z�� �p�_�g�l�j�b�n�m�]�_�� �(�S�S�H�Q�G�R�U�I��
MiniSpin Plus)���� �>�\�h�c�g�h�_�� �g�Z�g�_�k�_�g�b�_�� �h�[��
�j�Z�a�p�Z�� �i�j�h�^�b�d�l�h�\�Z�g�h�� �l�_�f���� �q�l�h�� �h�[�t�_�f�� �h�[��
�j�Z�a�p�Z�� �i�h�k�e�_�� �h�[�j�Z�[�h�l�d�b�� �m�e�v�l�j�Z�a�\�m�d�h�f��
�\�^�\�h�_���i�j�_�\�u�r�Z�e���h�[�t�_�f���d�h�e�h�g�d�b�����>�Z�g�g�u�c��
�w�l�Z�i�� �i�h�a�\�h�e�y�_�l�� �m�\�_�e�b�q�b�l�v�� �d�h�e�b�q�_�k�l�\�h��
�k�h�j�[�b�j�h�\�Z�g�g�h�]�h�� �[�_�e�d�Z�� �b���� �d�Z�d�� �k�e�_�^�k�l�\�b�_����
�_�]�h�� �d�h�g�_�q�g�m�x�� �d�h�g�p�_�g�l�j�Z�p�b�x�� �\�� �w�e�x�Z�l�_����
�q�l�h���b�a�[�Z�\�e�y�_�l���h�l���g�_�h�[�o�h�^�b�f�h�k�l�b���\���^�h�i�h�e��
�g�b�l�_�e�v�g�h�f�� �w�l�Z�i�_�� �d�h�g�p�_�g�l�j�b�j�h�\�Z�g�b�y�� �h�q�b��
�s�_�g�g�h�]�h�� �i�j�_�i�Z�j�Z�l�Z�����>�Z�e�_�_�� �d�h�e�h�g�d�m�� �i�j�h��
�f�u�\�Z�e�b�� �i�j�h�f�u�\�h�q�g�u�f�� �[�m�n�_�j�h�f�� ���� �j�Z�a�Z��
�������f�F�� �1�D�+2PO4���� �������f�F�� �1�D�&�O���� �����f�F��
�b�f�b�^�Z�a�h�e�������0���f�h�q�_�\�b�g�Z�����S�+�������������p�_�g�l�j�b��
�n�m�]�b�j�h�\�Z�g�b�_�f�� ���������� �h�[���f�b�g�� �i�h�� ���� �f�b�g�m�l�u��
���(�S�S�H�Q�G�R�U�I�� �� �0�L�Q�L�6�S�L�Q�� �3�O�X�V������ �K�\�y�a�Z�\�r�b�c�k�y��
�k���d�h�e�h�g�d�h�c���[�_�e�h�d���w�e�x�b�j�h�\�Z�e�b�����������f�d�e���[�m��
�n�_�j�Z�� �������f�F�� �1�D�+2PO4���� �������f�F�� �1�D�&�O����
�������f�F���b�f�b�^�Z�a�h�e�������0���f�h�q�_�\�b�g�Z�����S�+�������������k��
�i�h�k�e�_�^�m�x�s�b�f���p�_�g�l�j�b�n�m�]�b�j�h�\�Z�g�b�_�f���\���l�_��
�q�_�g�b�_�������f�b�g�m�l�������������h�[���f�b�g����-�����j�Z�a�Z�����I�h��
�k�e�_�� �d�Z�`�^�h�]�h�� �Z�d�l�Z�� �p�_�g�l�j�b�n�m�]�b�j�h�\�Z�g�b�y��

�n�j�Z�d�p�b�b�� �k�h�[�b�j�Z�e�b�� �^�e�y�� �\�b�a�m�Z�e�v�g�h�]�h�� �Z�g�Z��
�e�b�a�Z���\���^�_�g�Z�l�m�j�b�j�m�x�s�_�f������.�������I�:�:�=�����d�h��
�l�h�j�u�_�� �i�j�_�^�k�l�Z�\�e�_�g�u�� �g�Z���j�b�k����3 ���>�h�j�h�`�d�b��
1-�����������K�h�[�j�Z�g�g�u�_���i�h�k�e�_���w�e�x�p�b�b���n�j�Z�d�p�b�b��
�h�[�t�_�^�b�g�y�e�b�� �\�� �h�^�g�m�� �b�� �i�h�k�e�_�^�h�\�Z�l�_�e�v�g�h��
�^�b�Z�e�b�a�h�\�Z�e�b�� ���f�_�f�[�j�Z�g�Z�� �&�H�O�O�X�6�H�S�� ���d�>�Z����
�K�R�:�����i�j�h�l�b�\���[�m�n�_�j�h�\���k�h�k�l�Z�\�Z�����������������f�F��
NaH2PO4�����������f�F���1�D�&�O�������0���f�h�q�_�\�b�g�Z�����S�+��
�����������������������f�F���1�D�+2PO4�����������f�F���1�D�&�O�������0��
�f�h�q�_�\�b�g�Z���� �S�+�� ���������� �������� �����f�F�� �1�D�+2PO4, 
�������f�F�� �1�D�&�O���� ���0�� �f�h�q�_�\�b�g�Z���� �S�+�� �������� �i�j�b��
�����ƒ�K���k���i�h�k�l�h�y�g�g�u�f���i�_�j�_�f�_�r�b�\�Z�g�b�_�f���f�b��
�g�b�f�m�f�� �i�h�� ���� �q�Z�k�Z�� ���d�Z�`�^�u�c�� �Z�d�l�� �^�b�Z�e�b�a�Z������
�G�Z�e�b�q�b�_�� �[�_�e�d�Z�� �\�� �i�j�h�[�Z�o�� �i�h�k�e�_�� �^�b�Z�e�b�a�Z��
�i�j�h�\�_�j�y�e�b���k���i�h�f�h�s�v�x���^�_�g�Z�l�m�j�b�j�m�x�s�_�]�h��
�w�e�_�d�l�j�h�n�h�j�_�a�Z���\���������������I�:�:�=���k���i�h�k�e�_�^�m��
�x�s�b�f�� �h�d�j�Z�r�b�\�Z�g�b�_�f�� �D�m�f�Z�k�k�b�� �5-�������� �i�h��
�k�l�Z�g�^�Z�j�l�g�h�f�m���i�j�h�l�h�d�h�e�m�����j�b�k�� 3 �^�h�j�h�`�d�Z��
�����������D�h�e�b�q�_�k�l�\�_�g�g�m�x���h�p�_�g�d�m���k�h�^�_�j�`�Z�g�b�y��
�[�_�e�d�Z�� �\�h�� �n�j�Z�d�p�b�y�o�� �i�j�h�\�h�^�b�e�b�� �i�j�b�� �i�h��
�f�h�s�b�� �k�i�_�d�l�j�h�n�h�l�h�f�_�l�j�Z�� �1�D�Q�R�G�U�R�S�� ����������
���7�K�H�U�P�R���6�F�L�H�Q�W�L�I�L�F�����K�R�:������ 

�H�p�_�g�d�Z�� �n�m�g�d�p�b�h�g�Z�e�v�g�h�c�� �Z�d�l�b�\�g�h�k�l�b��
�i�h�e�m�q�_�g�g�h�]�h�� �i�j�_�i�Z�j�Z�l�Z. �N�m�g�d�p�b�h�g�Z�e�v��
�g�m�x�� �Z�d�l�b�\�g�h�k�l�v�� �<�L�K�:�� ���&�V�T�5���� �h�p�_�g�b�\�Z�e�b��
�f�_�l�h�^�h�f�� �w�e�_�d�l�j�h�n�h�j�_�a�Z�� �k�� �a�Z�^�_�j�`�d�h�c�� �\��
�]�_�e�_�� ���(�O�H�F�W�U�R�S�K�R�U�H�W�L�F�� �P�R�E�L�O�L�W�\�� �V�K�L�I�W�� �D�V�V�D�\����
EMSA), �d�Z�d���h�i�b�k�Z�g�h���\���>�����@�����i�h���_�]�h���k�i�h�k�h�[��
�g�h�k�l�b���k�\�y�a�u�\�Z�l�v�k�y���k���h�k�g�h�\�g�h�c���f�b�r�_�g�v�x���\��
�]�_�g�h�f�_���± �f�_�`�]�_�g�g�h�c�� �h�[�e�Z�k�l�v�x���� �d�h�l�h�j�Z�y��
�g�Z�o�h�^�b�l�k�y�� �f�_�`�^�m�� �h�i�_�j�h�g�Z�f�b��yihUTSR �b��
yihVW ���d�j�Z�l�d�h���± �h�[�e�Z�k�l�v��yihU/V���� �b�� �i�j�b��
�k�m�l�k�l�\�m�_�l���d�Z�d���\���]�_�g�h�f�_���r�l�Z�f�f�Z���.-���������l�Z�d��
�b�� �\�� �]�_�g�h�f�_�� �r�l�Z�f�f�Z�� �(�F�1���� �>�e�y�� �i�h�e�m�q�_�g�b�y��

 
�J�b�k. 3�����N�j�Z�d�p�b�b�����i�h�e�m�q�_�g�g�u�_���\���i�j�h�p�_�k�k�_���h�q�b�k�l�d�b���[�_�e�d�Z���<�L�K�:�����&�V�T�5�����k���i�h�f�h�s�v�x��

�k�h�j�[�p�b�b���g�Z���1�L-�1�7�$���g�h�k�b�l�_�e�v�����H�i�b�k�Z�g�b�_���n�j�Z�d�p�b�c���i�j�b�\�_�^�_�g�h���g�Z�^���^�h�j�h�`�d�Z�f�b�����G�Z���^�h��
�j�h�`�d�b�������b���������g�Z�g�_�k�_�g���f�Z�j�d�_�j���f�h�e�_�d�m�e�y�j�g�h�]�h���\�_�k�Z�� 

Fig. 3. Fractions obtained during the purification of the YihW (CsqR) protein by sorption 
onto a Ni-NTA carrier. The fractions are described above the tracks. A molecular weight lad-

der was loaded onto the tracks 4 and 12. 
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�n�j�Z�]�f�_�g�l�h�\�� �>�G�D���� �k�h�^�_�j�`�Z�s�b�o�� �j�_�]�m�e�y��
�l�h�j�g�m�x���h�[�e�Z�k�l�v��yihU/V �b�a���(�F�1���b�k�i�h�e�v�a�h��
�\�Z�e�b�����m�g�b�\�_�j�k�Z�e�v�g�u�_���^�e�y��E. coli �i�j�Z�c�f�_�j�u��
�^�e�y�� �w�l�h�c�� �h�[�e�Z�k�l�b���� �\�L�K�8���9�B�)�B�X�Q�L�� ���¶-
CAATARATTGYTMGCCATTGG-���¶�� �b��
�\�L�K�8���9�B�5�B�X�Q�L�� ���¶-
KGTKATACCYACRCAWGCAA-���¶���� �J�_��
�Z�d�p�b�x���Z�f�i�e�b�n�b�d�Z�p�b�b���i�j�h�\�h�^�b�e�b���k���i�h�f�h��
�s�v�x�� �]�h�l�h�\�h�c�� �k�f�_�k�b�� �^�e�y�� �I�P�J�� ���O��
�6�F�U�H�H�Q�0�L�[�� ���?�\�j�h�]�_�g���� �J�h�k�k�b�y���� �k�� �]�_�g�h�f�g�h�c��
�>�G�D E. coli �1�L�V�V�O�H�� ���������� �b�� �k�e�_�^�m�x�s�b�o��
�m�k�e�h�\�b�y�o���� �����ƒ�K���± ���� �f�b�g�m�l�u���� ������ �p�b�d�e�h�\����
�����ƒ�K���± �������k�_�d�m�g�^���������ƒ�K���± �������k�_�d�m�g�^���������ƒ�K��
�± ������ �k�_�d�m�g�^���� �^�h�k�b�g�l�_�a�� �����ƒ�K���± ���� �f�b�g�m�l�u����
�o�j�Z�g�_�g�b�_�� �g�Z�� �����ƒ�K���� �:�f�i�e�b�n�b�p�b�j�h�\�Z�g�g�u�_��
�n�j�Z�]�f�_�g�l�u�� �h�q�b�s�Z�e�b�� �i�j�b�� �i�h�f�h�s�b��
�0�R�Q�D�U�F�K���*�H�O���(�[�W�U�D�F�W�L�R�Q���.�L�W�����1�(�%�����:�g�]�e�b�y����
�i�h���i�j�h�l�h�d�h�e�m���i�j�h�b�a�\�h�^�b�l�_�e�y�����D�h�f�i�e�_�d�k�u��
�n�h�j�f�b�j�h�\�Z�e�b�� �\�� �k�\�y�a�u�\�Z�x�s�_�f�� �[�m�n�_�j�_��
�������f�F�� �7�U�L�V-�&�O���� �������f�F�� �.�&�O���� �������� �]�e�b�p�_��
�j�b�g���� ���f�F���(�'�7�$�����i�j�b�������ƒ�K���\�� �l�_�q�_�g�b�b��������
�f�b�g�m�l���� �G�_�i�h�k�j�_�^�k�l�\�_�g�g�h�� �i�_�j�_�^�� �g�Z�g�_�k�_��
�g�b�_�f�� �g�Z�� �]�_�e�v���� �g�_�� �\�u�g�b�f�Z�y�� �i�j�h�[�u�� �b�a�� �l�_�j��
�f�h�k�l�Z�l�Z���� �^�h�[�Z�\�e�y�e�b�� �\�� �d�Z�`�^�m�x�� �b�a�� �g�b�o�� ����
�f�d�e���i�h�^�h�]�j�_�l�h�]�h���^�h�������ƒ�K�����������]�e�b�p�_�j�b�g�Z��
�b�� �[�u�k�l�j�h�� �g�Z�g�h�k�b�e�b�� �g�Z�� �i�j�_�^�\�Z�j�b�l�_�e�v�g�h��
�i�j�h�]�j�_�l�u�c�� �i�j�b�� �������<�� �\�� ���o�7�%�(�� �[�m�n�_�j�_��
�������f�F���l�j�b�k���������f�F���[�h�j�g�Z�y���d�b�k�e�h�l�Z�������f�F��

�W�>�L�:���� ������ �I�:�:�=���� �W�e�_�d�l�j�h�n�h�j�_�a�� �i�j�h�\�h��
�^�b�e�b�� �\�� �d�Z�f�_�j�_�� �^�e�y�� �\�_�j�l�b�d�Z�e�v�g�h�]�h�� �w�e�_�d��
�l�j�h�n�h�j�_�a�Z�� �%�L�R�5�D�G�� ���K�R�:���� �i�j�b�� �i�h�k�l�h�y�g��
�g�h�f���g�Z�i�j�y�`�_�g�b�b���������<���\���l�_�q�_�g�b�_���������f�b�g�m�l��
�>�����@���� �>�e�y�� �\�b�a�m�Z�e�b�a�Z�p�b�b�� �j�_�a�m�e�v�l�Z�l�Z�� �]�_�e�v��
�h�d�j�Z�r�b�\�Z�e�b���[�j�h�f�b�k�l�u�f���w�l�b�^�b�_�f����������-�^�b��
�Z�f�b�g�h-5-�w�l�b�e-6-�n�_�g�b�e�n�_�g�Z�g�l�j�b�^�b�g�b�c��
�[�j�h�f�b�^������ 

�H�[�k�m�`�^�_�g�b�_���j�_�a�m�e�v�l�Z�l�h�\ 

YihW �± �h�k�g�h�\�g�h�c�� �j�_�]�m�e�y�l�h�j�� �w�d�k�i�j�_�k��
�k�b�b�� �]�_�g�h�\��yih-�d�Z�k�k�_�l�u���� �g�_�h�[�o�h�^�b�f�u�o��
�d�e�_�l�d�Z�f��E. coli �^�e�y�� �m�l�b�e�b�a�Z�p�b�b�� �k�m�e�v�n�h��
�]�e�x�d�h�a�u�� �\�� �k�j�_�^�_�� �k�� �g�b�a�d�b�f�� �k�h�^�_�j�`�Z�g�b�_�f��
�b�e�b���h�l�k�m�l�k�l�\�b�_�f���^�j�m�]�b�o���b�k�l�h�q�g�b�d�h�\���m�]�e�_��
�j�h�^�Z���� �B�k�k�e�_�^�m�_�f�u�c�� �g�Z�f�b�� �[�_�e�h�d�� �g�Z�o�h��
�^�b�l�k�y�� �\�� �i�j�h�[�b�h�l�b�q�_�k�d�h�f�� �r�l�Z�f�f�_�� �1�L�V�V�O�H��
���������� �>�����������@���� �B�a�m�q�_�g�b�_�� �[�b�h�o�b�f�b�q�_�k�d�b�o��
�k�\�h�c�k�l�\�� �b�� �n�m�g�d�p�b�h�g�Z�e�v�g�h�c�� �Z�d�l�b�\�g�h�k�l�b��
�l�Z�d�b�o�� �j�_�]�m�e�y�l�h�j�h�\�� �k�i�h�k�h�[�k�l�\�m�_�l�� �[�h�e�_�_��
�i�h�e�g�h�f�m�� �i�h�g�b�f�Z�g�b�x�� �f�_�o�Z�g�b�a�f�h�\�� �i�_�j�_��
�d�e�x�q�_�g�b�y���d�e�_�l�d�b���h�l���h�^�g�h�]�h���h�[�j�Z�a�Z���`�b�a�g�b��
�d�� �^�j�m�]�h�f�m���� �Z�� �l�Z�d�`�_�� �b�o�� �k�i�h�k�h�[�g�h�k�l�b��
�[�u�k�l�j�h�� �f�_�g�y�l�v�� �b�k�l�h�q�g�b�d�b�� �m�]�e�_�j�h�^�Z�� �i�j�b��
�i�h�i�Z�^�Z�g�b�b���\���g�h�\�u�_���m�k�e�h�\�b�y������ 

�G�Z���j�b�k�m�g�d�_�������i�j�_�^�k�l�Z�\�e�_�g�h���k�j�Z�\�g�_�g�b�_��
�k�l�j�m�d�l�m�j��YihW �b�a�� �i�j�h�[�b�h�l�b�q�_�k�d�h�]�h��
�r�l�Z�f�f�Z��E. coli Nissle ���������� �b�� �e�Z�[�h�j�Z�l�h�j��

 
�J�b�k. 4. [A�@���G�Z�e�h�`�_�g�b�_���k�l�j�m�d�l�m�j���<�L�K�:�����&�V�T�5�����b�a��E. coli K-�������b��E. coli Nissle 1917. 
�K�l�j�m�d�l�m�j�Z���<�L�K�:�����&�V�T�5�����b�a��E. coli K-�������a�Z�]�j�m�`�_�g�Z���b�a���[�Z�a�u���^�Z�g�g�u�o���$�O�S�K�D�I�R�O�G��

�>�K�W�W�S�V�������D�O�S�K�D�I�R�O�G���H�E�L���D�F���X�N���H�Q�W�U�\���3�����������@�����>�e�y���<�L�K�:�����&�V�T�5�����b�a��E. coli �1�L�V�V�O�H�������������f�h�^�_�e�v��
�[�u�e�Z���i�j�_�^�k�d�Z�a�Z�g�Z���g�Z���k�_�j�\�_�j�_���$�O�S�K�D�)�R�O�G���>�K�W�W�S�V�������D�O�S�K�D�I�R�O�G�V�H�U�Y�H�U���F�R�P�����^�Z�l�Z���h�[�j�Z�s�_�g�b�y����������-
04-�����B�����������@���k���i�Z�j�Z�f�_�l�j�Z�f�b���i�h���m�f�h�e�q�Z�g�b�x�����G�Z���i�Z�g�_�e�b���>�;�@���a�_�e�_�g�u�f���p�\�_�l�h�f���m�d�Z�a�Z�g�u���d�e�x��

�q�_�\�u�_���Z�f�b�g�h�d�b�k�e�h�l�u�����\�h�\�e�_�q�_�g�g�u�_���\�h���\�a�Z�b�f�h�^�_�c�k�l�\�b�_���[�_�e�d�Z���k���e�b�]�Z�g�^�h�f���>13]. 
Fig. 4. [A] Superposition of YihW (CsqR) structures from E. coli K-12 and E. coli Nissle 

1917. The YihW (CsqR) structure from E. coli K-12 was downloaded from the Alphafold data-
base [https://alphafold.ebi.ac.uk/entry/P32144 ]. For YihW (CsqR) from E. coli Nissle 1917, the 
model was predicted on the AlphaFold server [https://alphafoldserver.com / accessed 2025-04-
16_21:53] with default parameters. Panel [B] shows in green the key amino acids involved in 

the protein-ligand interaction [13]. 
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�g�h�]�h��K-12 MG�������������J�Z�a�e�b�q�b�y���\���Z�f�b�g�h�d�b�k��
�e�h�l�g�h�c�� �i�h�k�e�_�^�h�\�Z�l�_�e�v�g�h�k�l�b�� ���j�b�k���� �������� �i�h-
�\�b�^�b�f�h�f�m���� �g�_�� �\�e�b�y�x�l�� �g�Z�� �k�l�j�m�d�l�m�j�m�� �d�Z�d��
�>�G�D-�k�\�y�a�u�\�Z�x�s�_�]�h�����l�Z�d���b���w�n�n�_�d�l�h�j�g�h�]�h��
�^�h�f�_�g�h�\�� ���j�b�k�� �������� �Z�� �Z�f�b�g�h�d�b�k�e�h�l�u���� �h�l�\�_��
�q�Z�x�s�b�_�� �a�Z�� �k�\�y�a�u�\�Z�g�b�_�� �[�_�e�d�h�\�� �k�� �e�b�]�Z�g��
�^�h�f�����y�\�e�y�x�l�k�y���d�h�g�k�_�j�\�Z�l�b�\�g�u�f�b�����j�b�k���������b��
�j�b�k���� �������� �W�l�h�� �k�\�b�^�_�l�_�e�v�k�l�\�m�_�l�� �\�� �i�h�e�v�a�m��
�l�h�]�h���� �q�l�h���� �\�_�j�h�y�l�g�_�_�� �\�k�_�]�h���� �w�l�b�� �[�_�e�d�b��
�b�f�_�x�l���i�h�o�h�`�b�_���j�_�]�m�e�y�l�h�j�g�u�_���k�\�h�c�k�l�\�Z�� 

�D�Z�d�� �b�� �^�e�y�� �f�g�h�]�b�o�� �^�j�m�]�b�o�� �n�Z�d�l�h�j�h�\��
�l�j�Z�g�k�d�j�b�i�p�b�b���� �j�Z�[�h�l�Z�� �k�� �<�L�K�:�� ���&�V�T�5����
�[�u�e�Z���h�k�e�h�`�g�_�g�Z�����l�Z�d���d�Z�d���g�_���m�^�Z�\�Z�e�h�k�v���i�h��
�e�m�q�b�l�v�� �p�_�e�_�\�h�c�� �[�_�e�h�d�� �\�� �j�Z�k�l�\�h�j�b�f�h�c��
�n�j�Z�d�p�b�b�����Q�Z�s�_���\�k�_�]�h���f�u���^�Z�`�_���g�_���\�b�^�_�e�b��
�k�m�i�_�j�i�j�h�^�m�d�p�b�x���[�_�e�d�Z�����b���_�]�h���k�h�^�_�j�`�Z�g�b�_��
�\���d�h�g�l�j�h�e�v�g�u�o���i�j�h�[�Z�o���^�h���b�g�^�m�d�p�b�b���g�_���h�l��
�e�b�q�Z�e�h�k�v���h�l���i�j�h�[���i�h�k�e�_���b�g�^�m�d�p�b�b�����H�d�Z�a�Z��
�e�h�k�v���� �q�l�h�� �^�e�y�� �<�L�K�:�� ���&�V�T�5���� �g�_�� �j�Z�[�h�l�Z�x�l��
�k�l�Z�g�^�Z�j�l�g�u�_�� �f�_�l�h�^�u���� �d�h�l�h�j�u�_�� �f�u�� �b�k��
�i�h�e�v�a�h�\�Z�e�b�� �j�Z�g�_�_�� �^�e�y�� �g�Z�j�Z�[�h�l�d�b�� �l�j�Z�g��
�k�d�j�b�i�p�b�h�g�g�u�o���n�Z�d�l�h�j�h�\�����^�h�[�Z�\�e�_�g�b�_���b�g��
�^�m�d�l�h�j�Z�� �g�Z�� �k�_�j�_�^�b�g�_�� �w�d�k�i�h�g�_�g�p�b�Z�e�v�g�h�c��
�n�Z�a�u���j�h�k�l�Z�����H�I�������a��.�������b�����i�h�a�^�g�_�_�����^�h�[�Z�\��
�e�_�g�b�_���\���\�_�d�l�h�j�g�m�x���d�h�g�k�l�j�m�d�p�b�x���i�_�j�_�^���]�_��
�g�h�f���_�]�h���k�h�[�k�l�\�_�g�g�h�c���j�_�]�m�e�y�l�h�j�g�h�c���h�[�e�Z�k�l�b��
���d�h�g�k�l�j�m�d�p�b�y��reg������ �k�g�b�`�_�g�b�_�� �d�h�g�p�_�g�l�j�Z��
�p�b�b���,�3�7�*�����^�h���������f�d�F�����b���^�j�m�]�b�_��    

�<�� �j�_�a�m�e�v�l�Z�l�_�� �h�i�l�b�f�Z�e�v�g�u�f�b�� �m�k�e�h�\�b��
�y�f�b�� �b�g�^�m�d�p�b�b�� �[�_�e�d�Z�� �<�L�K�:�� ���&�V�T�5���� �b�a��
�r�l�Z�f�f�Z��E. coli �1�L�V�V�O�H�������������h�d�Z�a�Z�e�b�k�v�����j�b�k�� 
2������ �r�l�Z�f�f�� �%�/�������'�(����-CodonPlus-RIL, 
�j�h�k�l���i�j�b�������ƒ�K�������������h�[���f�b�g���g�Z���\�h�a�^�m�r�g�h�c��
�[�Z�g�_���� �k�j�_�^�Z�� �/�%�� �k�� �Z�f�i�b�p�b�e�e�b�g�h�f 
200 �f�d�]���f�e���� �^�h�[�Z�\�e�_�g�b�_�� �b�g�^�m�d�l�h�j�Z�� �,�3�7�*��
�g�Z�� �h�l�f�_�l�d�_�� �H�I������� ��.1-0.������ ���h�d�h�e�h�� ���� �q�Z��
�k�h�\���j�h�k�l�Z������ �d�h�g�_�q�g�Z�y���d�h�g�p�_�g�l�j�Z�p�b�y���,�3�7�*��
�����f�d�F�����b�g�^�m�d�p�b�y���\���l�_�q�_�g�b�_�������q�Z�k�h�\�����j�b�k����
2 �:������ �I�j�b�� �w�l�h�f�� �i�h�e�g�h�j�Z�a�f�_�j�g�u�c�� �[�_�e�h�d��
�<�L�K�:�� ���&�V�T�5���� ���h�d�h�e�h�� ������ �d�>�Z���� �g�Z�d�Z�i�e�b�\�Z��
�_�l�k�y�� �i�j�_�b�f�m�s�_�k�l�\�_�g�g�h�� �\�� �g�_�j�Z�k�l�\�h�j�b�f�h�c��
�n�j�Z�d�p�b�b�����g�h���\���^�h�k�l�Z�l�h�q�g�h�f���^�e�y���^�Z�e�v�g�_�c��
�r�_�c�� �h�q�b�k�l�d�b�� �d�h�e�b�q�_�k�l�\�_�� �k�� �b�k�i�h�e�v�a�h�\�Z��
�g�b�_�f�� ���F�� �f�h�q�_�\�b�g�u���� �<�b�^�b�f�u�o�� �j�Z�a�e�b�q�b�c��
�i�j�b�� �b�k�i�h�e�v�a�h�\�Z�g�b�b�� �j�Z�a�g�u�o�� �d�h�g�k�l�j�m�d�p�b�c��
(reg �b��noreg���� �f�u�� �g�_�� �g�Z�[�e�x�^�Z�e�b���� �G�Z��
�j�b�k�� ���;���f�h�`�g�h�� �a�Z�f�_�l�b�l�v���� �q�l�h�� �i�j�b�� �[�h�e�_�_��
�i�j�h�^�h�e�`�b�l�_�e�v�g�h�c���b�g�^�m�d�p�b�b�� �������� �q�Z�k�h�\���� �\��
�d�e�_�l�d�Z�o�� �g�Z�d�Z�i�e�b�\�Z�_�l�k�y�� �m�d�h�j�h�q�_�g�g�Z�y��

�n�h�j�f�Z�� �[�_�e�d�Z���� �W�l�h�� �f�h�`�_�l�� �k�\�b�^�_�l�_�e�v�k�l�\�h��
�\�Z�l�v�� �h�� �l�h�f���� �q�l�h�� �\�� �r�l�Z�f�f�_��E. coli Nissle 
���������� �k�b�g�l�_�a�b�j�m�x�l�k�y�� �^�\�_�� �n�h�j�f�u�� �[�_�e�d�h��
�\�h�]�h�� �i�j�h�^�m�d�l�Z�� �]�_�g�Z��yihW (csqR), �d�Z�d�� �w�l�h��
�[�u�e�h���i�h�d�Z�a�Z�g�h���^�e�y���<�L�K�:�����&�V�T�5�����r�l�Z�f�f�Z��
K-������ �>�����@���� �q�l�h�� �i�h�a�\�h�e�y�_�l�� �i�j�_�^�i�h�e�h�`�b�l�v��
�k�o�h�^�g�u�_�� �j�_�]�m�e�y�l�h�j�g�u�_�� �f�_�o�Z�g�b�a�f�u���� �W�l�h��
�i�j�_�^�i�h�e�h�`�_�g�b�_�� �l�j�_�[�m�_�l�� �^�Z�e�v�g�_�c�r�_�]�h��
�b�a�m�q�_�g�b�y���� �i�h�k�d�h�e�v�d�m�� �\�� �^�Z�g�g�h�f�� �k�e�m�q�Z�_��
�g�_�e�v�a�y���b�k�d�e�x�q�b�l�v���i�j�h�p�_�k�k�u���i�j�h�l�_�h�e�b�a�Z���� 

�?�s�z�� �h�^�g�h�c�� �k�e�h�`�g�h�k�l�v�x�� �h�d�Z�a�Z�e�h�k�v�� �l�h����
�q�l�h�� �k�l�Z�g�^�Z�j�l�g�u�c�� �i�j�h�l�h�d�h�e�� �g�Z�[�h�j�Z�� �1�L-
�1�7�$�� �6�S�L�Q�� �&�R�O�X�P�Q�� ���4�L�D�J�H�Q���� �^�e�y�� �h�q�b�k�l�d�b��
�[�_�e�d�h�\���\���^�_�g�Z�l�m�j�b�j�m�x�s�b�o���m�k�e�h�\�b�y�o���h�d�Z��
�a�Z�e�k�y�� �g�_�i�j�b�f�_�g�b�f�� �d�� �h�q�b�k�l�d�_�� �<�L�K�:��
���&�V�T�5������ �<�� �i�j�h�l�h�d�h�e�_�� �i�j�h�b�a�\�h�^�b�l�_�e�y��
�h�q�b�k�l�d�m�� �[�_�e�d�Z�� �k�� �b�k�i�h�e�v�a�h�\�Z�g�b�_�f�� �\�� �d�Z�q�_��
�k�l�\�_�� �^�_�g�Z�l�m�j�Z�g�l�Z�� ���� �F�� �f�h�q�_�\�b�g�u�� �i�j�_�^�e�Z��
�]�Z�x�l�� �h�k�m�s�_�k�l�\�e�y�l�v�� �i�j�b�� �i�h�f�h�s�b�� �i�j�h��
�f�u�\�d�b�� �d�h�e�h�g�d�b�� �[�m�n�_�j�Z�f�b�� �k�� �j�Z�a�e�b�q�g�u�f��
�S�+���b���\�u�k�h�d�h�c���d�h�g�p�_�g�l�j�Z�p�b�_�c���n�h�k�n�Z�l�g�h�]�h��
�[�m�n�_�j�Z�� ���������f�F�� �1�D�+2PO4���� �b�� �g�b�a�d�h�c�� �d�h�g��
�p�_�g�l�j�Z�p�b�_�c�� �g�Z�l�j�b�_�\�h�c�� �k�h�e�b���� �<�� �g�Z�r�_�f��
�k�e�m�q�Z�_�� �i�j�b�� �b�k�i�h�e�v�a�h�\�Z�g�b�b�� �l�Z�d�h�]�h�� �i�h�^��
�o�h�^�Z���a�g�Z�q�b�l�_�e�v�g�Z�y���q�Z�k�l�v���[�_�e�d�Z���g�_���k�\�y�a�u��
�\�Z�e�Z�k�v�� �k�� �d�h�e�h�g�d�h�c�� �b�� �h�[�g�Z�j�m�`�b�\�Z�e�Z�k�v�� �\��
�©�i�j�h�k�d�h�d�_�ª���� �I�h�w�l�h�f�m�� �g�Z�f�b�� �[�u�e�� �j�Z�a�j�Z�[�h��
�l�Z�g���h�i�l�b�f�b�a�b�j�h�\�Z�g�g�u�c���i�j�h�l�h�d�h�e���h�q�b�k�l�d�b��
�<�L�K�:�� �k�� �b�k�i�h�e�v�a�h�\�Z�g�b�_�f�� �j�_�d�h�f�_�g�^�h�\�Z�g��
�g�u�o���i�j�h�b�a�\�h�^�b�l�_�e�_�f���^�e�y���g�Z�l�b�\�g�u�o���m�k�e�h��
�\�b�c���[�m�n�_�j�h�\���k�h���k�g�b�`�_�g�g�h�c���^�h�������f�F���d�h�g��
�p�_�g�l�j�Z�p�b�_�c�� �n�h�k�n�Z�l�h�\�� �b�� �^�h�\�h�e�v�g�h�� �\�u�k�h��
�d�h�c�� �d�h�g�p�_�g�l�j�Z�p�b�_�c�� �k�h�e�b�� �1�D�� ���������f�F��
�1�D�&�O�������g�h���k�����0���f�h�q�_�\�b�g�h�c���b���b�f�b�^�Z�a�h�e�h�f����
�q�l�h���g�_���[�u�e�h���i�j�_�^�m�k�f�h�l�j�_�g�h���i�j�h�b�a�\�h�^�b�l�_��
�e�_�f�� �w�l�b�o�� �k�i�b�g-�d�h�e�h�g�h�d���� �B�k�i�h�e�v�a�h�\�Z�g�g�Z�y��
�g�Z�f�b���k�o�_�f�Z���h�q�b�k�l�d�b���<�L�K�:�����&�V�T�5�����i�h�a�\�h��
�e�y�_�l���[�u�k�l�j�h���i�h�e�m�q�b�l�v���[�_�e�d�h�\�u�c���i�j�_�i�Z�j�Z�l��
�k���q�b�k�l�h�l�h�c���h�d�h�e�h����������(�j�b�k�����������b���\���d�h�e�b�q�_��
�k�l�\�_���h�d�h�e�h���������f�]���q�b�k�l�h�]�h���[�_�e�d�Z���b�a�����������f�e��
�d�m�e�v�l�m�j�u���d�e�_�l�h�d���� 

�B�g�l�_�j�_�k�g�u�f�� �g�Z�[�e�x�^�_�g�b�_�f�� �k�l�Z�e�h�� �l�h����
�q�l�h�� �Z�]�j�_�]�Z�l�u���� �d�h�l�h�j�u�_�� �n�h�j�f�b�j�m�x�l�k�y�� �\��
�k�b�e�m�� �i�h�\�u�r�_�g�g�h�c�� �]�b�^�j�h�n�h�[�g�h�k�l�b�� �<�L�K�:��
���&�V�T�5���� �i�j�b�� �^�b�Z�e�b�a�_���i�j�h�l�b�\�� �[�m�n�_�j�Z�� �k�� ���0��
�f�h�q�_�\�b�g�h�c���� �q�Z�k�l�b�q�g�h�� �j�Z�k�l�\�h�j�y�x�l�k�y�� �i�j�b��
�j�Z�a�[�Z�\�e�_�g�b�b�� �[�_�e�d�Z�� �\�� �h�^�g�h�d�j�Z�l�g�h�f�� �n�h�k��
�n�Z�l�g�h-�k�h�e�_�\�h�f�� �[�m�n�_�j�_�� �b�e�b�� �\�� �k�\�y�a�u�\�Z�x 
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�s�_�f���[�m�n�_�j�_���^�e�y���w�e�_�d�l�j�h�n�h�j�_�a�Z���k���a�Z�^�_�j�`��
�d�h�c�� �\�� �]�_�e�_�� �������f�F�� �7�U�L�V-�&�O���� �������f�F�� �.�&�O����
���������]�e�b�p�_�j�b�g�������f�F���(�'�7�$�����\�������b���\�������j�Z�a�Z��
(�j�b�k�� 3���� �^�h�j�h�`�d�b�� ������ �b�� ���������� �<�h�a�f�h�`�g�h����
�[�_�e�d�b�� �w�l�h�]�h�� �k�_�f�_�c�k�l�\�Z�� �f�h�]�m�l�� �h�[�j�Z�a�h�\�u��
�\�Z�l�v�� �h�d�l�Z�f�_�j�u�� �\�� �\�h�^�g�u�o�� �j�Z�k�l�\�h�j�Z�o�� �>���@����
�q�l�h���f�h�`�_�l���h�[�t�y�k�g�y�l�v���h�[�j�Z�a�h�\�Z�g�b�_���j�Z�k�l�\�h��
�j�b�f�u�o�� �Z�]�j�_�]�Z�l�h�\���� �D�h�g�_�q�g�u�_�� �d�h�g�p�_�g�l�j�Z��
�p�b�b�� �[�_�e�d�Z�� �i�h�k�e�_�� �j�Z�a�\�_�^�_�g�b�y�� �k�h�k�l�Z�\�e�y�e�b��
0.�������b����.�������f�]���k�f3 �k�h�h�l�\�_�l�k�l�\�_�g�g�h�����W�l�h�]�h��
�[�u�e�h���^�h�k�l�Z�l�h�q�g�h���^�e�y���l�_�k�l�h�\���g�Z���n�m�g�d�p�b�h��
�g�Z�e�v�g�m�x�� �Z�d�l�b�\�g�h�k�l�v�� �[�_�e�d�Z�� �<�L�K�:�� ���&�V�T�5����
�d�Z�d���l�j�Z�g�k�d�j�b�i�p�b�h�g�g�h�]�h���n�Z�d�l�h�j�Z�� 

�M�^�b�\�b�l�_�e�v�g�u�f�� �h�[�j�Z�a�h�f�� �[�_�e�h�d�� �i�h�k�e�_��
�Z�]�j�_�]�Z�p�b�b�� �\�� �[�m�n�_�j�_�� �k�� ���0�� �f�h�q�_�\�b�g�h�c�� �g�_��
�i�h�l�_�j�y�e�� �k�\�h�x�� �n�m�g�d�p�b�h�g�Z�e�v�g�m�x�� �Z�d�l�b�\��
�g�h�k�l�v���� �Z�� �^�Z�e�v�g�_�c�r�_�_�� �j�Z�a�[�Z�\�e�_�g�b�_�� �\�� �[�m��
�n�_�j�_���k�\�y�a�u�\�Z�g�b�y�����i�h-�\�b�^�b�f�h�f�m�����i�j�b�\�h�^�b�l��
�d�� �\�h�k�k�l�Z�g�h�\�e�_�g�b�x�� �_�]�h�� �g�Z�l�b�\�g�h�c�� �k�l�j�m�d��
�l�m�j�u�� �b�� �n�m�g�d�p�b�h�g�Z�e�v�g�h�c�� �Z�d�l�b�\�g�h�k�l�b����
�N�m�g�d�p�b�h�g�Z�e�v�g�Z�y�� �Z�d�l�b�\�g�h�k�l�v�� �n�Z�d�l�h�j�h�\��
�l�j�Z�g�k�d�j�b�i�p�b�b���h�p�_�g�b�\�Z�_�l�k�y���i�h���w�n�n�_�d�l�b�\��
�g�h�k�l�b�� �b�o�� �k�\�y�a�u�\�Z�g�b�y�� �k�� �>�G�D-�f�b�r�_�g�y�f�b����
�>�e�y��YihW �h�k�g�h�\�g�h�c�� �f�b�r�_�g�v�x�� �y�\�e�y�_�l�k�y��
�h�[�e�Z�k�l�v�� �f�_�`�^�m�� �]�_�g�Z�f�b��yihU (�d�h�^�b�j�m�_�l��
�k�m�e�v�n�h�e�Z�d�l�Z�e�v�^�_�]�b�^�j�_�^�m�d�l�Z�a�m���� �b��yihV 
���d�h�^�b�j�m�_�l�� �k�m�e�v�n�h�n�j�m�d�l�h�d�b�g�Z�a�m�������J�_�a�m�e�v��
�l�Z�l�u�� �w�e�_�d�l�j�h�n�h�j�_�a�Z�� �k�� �a�Z�^�_�j�`�d�h�c�� �\�� �]�_�e�_����
�i�j�b�\�_�^�_�g�g�u�_�� �g�Z���j�b�k�� ������ �i�h�d�Z�a�u�\�Z�x�l���� �q�l�h��
�i�h�e�m�q�_�g�g�u�c�� �i�j�_�i�Z�j�Z�l�� �<�L�K�:�� �w�n�n�_�d�l�b�\�g�h��
�k�\�y�a�u�\�Z�_�l�k�y���k�h���k�\�h�_�c���h�k�g�h�\�g�h�c���f�b�r�_�g�v�x��
�\�� �]�_�g�h�f�_�� �r�l�Z�f�f�Z�� �1�L�V�V�O�H�� ������������ �b�� �i�j�b�� ����-

�d�j�Z�l�g�h�f���f�h�e�y�j�g�h�f���b�a�[�u�l�d�_���[�_�e�d�Z���h�d�Z�a�u��
�\�Z�_�l�k�y�� �k�\�y�a�Z�g�g�h�c�� �\�k�y�� �>�G�D���� �W�l�h�� �k�\�b�^�_��
�l�_�e�v�k�l�\�m�_�l�� �h�� �\�u�k�h�d�h�c�� �Z�d�l�b�\�g�h�k�l�b�� �[�_�e�d�Z����
�i�h�k�d�h�e�v�d�m�� �\�� �^�j�m�]�b�o�� �b�k�k�e�_�^�h�\�Z�g�b�y�o�� �^�e�y��
�i�h�e�g�h�]�h���k�\�y�a�u�\�Z�g�b�y���n�j�Z�]�f�_�g�l�Z���>�G�D�����k�h��
�^�_�j�`�Z�s�_�]�h���w�l�m���`�_���j�_�]�m�e�y�l�h�j�g�m�x���h�[�e�Z�k�l�v����
�i�h�l�j�_�[�h�\�Z�e�k�y�� ������-�d�j�Z�l�g�u�c�� �b�a�[�u�l�h�d��
YihW [6].  

�A�Z�d�e�x�q�_�g�b�_ 

�L�Z�d�b�f���h�[�j�Z�a�h�f���g�Z�f�b���[�u�e�Z���j�Z�a�j�Z�[�h�l�Z�g�Z��
�k�o�_�f�Z���w�d�k�i�j�_�k�k�b�b���b���h�q�b�k�l�d�b���[�_�e�d�Z���<�L�K�:��
���&�V�T�5�����b�a��E. coli �1�L�V�V�O�H�������������i�j�b���i�h�f�h�s�b��
�k�i�_�p�b�n�b�q�_�k�d�h�c���k�h�j�[�p�b�b���g�Z���1�L-�1�7�$���k�i�b�g-
�d�h�e�h�g�d�b�� �\�� �^�_�g�Z�l�m�j�b�j�m�x�s�b�o�� �m�k�e�h�\�b�y�o�� �\��
�i�j�b�k�m�l�k�l�\�b�b�� ���F�� �f�h�q�_�\�b�g�u���� �q�l�h�� �a�g�Z�q�b��
�l�_�e�v�g�h���m�k�d�h�j�y�_�l���i�j�h�p�_�k�k���h�q�b�k�l�d�b���b���i�h�a�\�h��
�e�y�_�l�� �i�h�e�m�q�b�l�v�� �h�^�g�h�j�h�^�g�u�c�� �b�� �n�m�g�d�p�b�h��
�g�Z�e�v�g�u�c�� �[�_�e�d�h�\�u�c�� �i�j�_�i�Z�j�Z�l�� �w�l�h�]�h�� �l�j�Z�g��
�k�d�j�b�i�p�b�h�g�g�h�]�h�� �n�Z�d�l�h�j�Z���� �:�d�l�b�\�g�h�k�l�v�� �i�h��
�e�m�q�_�g�g�h�]�h���i�j�_�i�Z�j�Z�l�Z���[�u�e�Z���i�h�^�l�\�_�j�`�^�_�g�Z��
�k���i�h�f�h�s�v�x���w�e�_�d�l�j�h�n�h�j�_�a�Z���k���a�Z�^�_�j�`�d�h�c���\��
�]�_�e�_���� �b�� �h�g�� �f�h�`�_�l�� �[�u�l�v�� �b�k�i�h�e�v�a�h�\�Z�g�� �\��
�^�Z�e�v�g�_�c�r�b�o���w�d�k�i�_�j�b�f�_�g�l�Z�o�� 

�D�h�g�n�e�b�d�l���b�g�l�_�j�_�k�h�\�� 

�:�\�l�h�j�u�� �a�Z�y�\�e�y�x�l���� �q�l�h�� �m�� �g�b�o�� �g�_�l�� �b�a��
�\�_�k�l�g�u�o���n�b�g�Z�g�k�h�\�u�o���d�h�g�n�e�b�d�l�h�\���b�g�l�_�j�_��
�k�h�\�� �b�e�b�� �e�b�q�g�u�o�� �h�l�g�h�r�_�g�b�c���� �d�h�l�h�j�u�_��
�f�h�]�e�b�� �[�u�� �i�h�\�e�b�y�l�v�� �g�Z�� �j�Z�[�h�l�m���� �i�j�_�^�k�l�Z�\��
�e�_�g�g�m�x���\���w�l�h�c���k�l�Z�l�v�_�� 

 
�J�b�k. �������H�p�_�g�d�Z���w�n�n�_�d�l�b�\�g�h�k�l�b���n�h�j�f�b�j�h�\�Z�g�b�y���>�G�D-�[�_�e�d�h�\�u�o���d�h�f�i�e�_�d�k�h�\���f�_�`�^�m���i�h�e�m��

�q�_�g�g�u�f���i�j�_�i�Z�j�Z�l�h�f���<�L�K�:���b���n�j�Z�]�f�_�g�l�h�f���>�G�D�����k�h�^�_�j�`�Z�s�b�f���f�_�`�]�_�g�g�m�x���h�[�e�Z�k�l�v��yihU/V. 
�F�h�e�y�j�g�h�_���k�h�h�l�g�h�r�_�g�b�_���m�d�Z�a�Z�g�h���g�Z�^���^�h�j�h�`�d�Z�f�b�����K�\�y�a�u�\�Z�g�b�_���<�L�K�:�����&�V�T�5�����k���_�]�h���j�_�]�m�e�y��

�l�h�j�g�h�c���h�[�e�Z�k�l�v�x��yihU/V �i�j�h�\�h�^�b�e�b���i�j�b���������ƒ�K�� 
Fig. 5. Efficiency of the DNA-protein complex formation between the obtained YihW and the 

DNA fragment containing yihU/V intergenic region. Molar ratios are shown above the tracks. 
YihW (CsqR) binding with the yihU/V regulatory region was allowed at 30°�K. 
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�G�Z�m�q�g�Z�y �k�l�Z�l�v�y 
�M�>�D 577.218 
doi: 10.17308/sorpchrom.2025.25/13446 
  
�F�_�l�h�^ �d�h�g�\�_�j�k�b�b �>�G�D �[�b�k�m�e�v�n�b�l�h�f �g�Z�l�j�b�y �k �k�h�j�[�p�b�_�c 
�g�Z �h�d�k�b�^ �d�j�_�f�g�b�y 
 
�=�Z�e�b�g�Z �;�h�j�b�k�h�\�g�Z �:�g�h�o�b�g�Z, �?�d�Z�l�_�j�b�g�Z �<�Z�e�_�j�v�_�\�g�Z �I�e�h�l�g�b�d�h�\�Z, 
�:�e�_�d�k�Z�g�^�j �L�j�h�n�b�f�h�\�b�q �?�i�j�b�g�p�_�\�.  

�<�h�j�h�g�_�`�k�d�b�c �]�h�k�m�^�Z�j�k�l�\�_�g�g�u�c �m�g�b�\�_�j�k�b�l�_�l�� �<�h�j�h�g�_�`, �J�h�k�k�b�y�� bc366@bio.vsu.ru�.  
 
�:�g�g�h�l�Z�p�b�y�� �< �g�Z�k�l�h�y�s�_�_ �\�j�_�f�y �b�k�k�e�_�^�h�\�Z�g�b�y �f�_�l�b�e�b�j�h�\�Z�g�b�y �>�G�D �i�j�_�^�k�l�Z�\�e�y�x�l �a�g�Z�q�b�l�_�e�v�g�u�c �b�g�l�_��
�j�_�k �\ �n�m�g�^�Z�f�_�g�l�Z�e�v�g�u�o �b �i�j�b�d�e�Z�^�g�u�o �g�Z�i�j�Z�\�e�_�g�b�y�o, �i�h�a�\�h�e�y�x�s�b�o �j�Z�k�d�j�u�l�v �g�_�b�a�\�_�k�l�g�u�_ �Z�k�i�_�d�l�u 
�d�h�g�l�j�h�e�y �a�Z �i�j�h�e�b�n�_�j�Z�p�b�_�c �b �^�b�n�n�_�j�_�g�p�b�j�h�\�d�h�c �d�e�_�l�h�d ���\ �l�h�f �q�b�k�e�_ �b �Z�g�h�f�Z�e�v�g�h�c���� �f�_�o�Z�g�b�a�f�u �Z�^�Z�i��
�l�Z�p�b�b, �Z �l�Z�d�`�_ �j�Z�a�j�Z�[�h�l�Z�l�v �k�i�h�k�h�[�u �j�_�]�m�e�y�p�b�b �j�Z�[�h�l�u �]�_�g�h�f�Z �[�_�a �b�a�f�_�g�_�g�b�y �g�m�d�e�_�h�l�b�^�g�h�c �i�h�k�e�_�^�h�\�Z��
�l�_�e�v�g�h�k�l�b, �\ �l�h�f �q�b�k�e�_ �b �^�e�y �k�h�a�^�Z�g�b�y �f�_�l�h�^�h�\ �e�_�q�_�g�b�y �j�Z�a�e�b�q�g�u�o �h�i�m�o�h�e�_�c�� �b �^�j�m�]�b�o �Z�g�h�f�Z�e�b�c�� �k�\�y��
�a�Z�g�g�u�o �k �g�Z�j�m�r�_�g�b�_�f �i�Z�l�l�_�j�g�Z �w�d�k�i�j�_�k�k�b�b �g�_�d�h�l�h�j�u�o �]�_�g�h�\�� �P�_�e�v �j�Z�[�h�l�u �± �j�Z�a�j�Z�[�h�l�d�Z �b �h�i�l�b�f�b�a�Z�p�b�y 
�f�_�l�h�^�Z �d�h�g�\�_�j�k�b�b �>�G�D �[�b�k�m�e�v�n�b�l�h�f �g�Z�l�j�b�y �^�e�y �^�Z�e�v�g�_�c�r�_�]�h �b�k�k�e�_�^�h�\�Z�g�b�y �f�_�l�b�e�b�j�h�\�Z�g�b�y �>�G�D �\ 
�d�e�_�l�d�Z�o �w�m�d�Z�j�b�h�l. �I�j�_�^�k�l�Z�\�e�_�g�g�u�c �\ �^�Z�g�g�h�c �j�Z�[�h�l�_ �f�_�l�h�^ �h�k�g�h�\�Z�g �g�Z �f�h�^�b�n�b�d�Z�p�b�b �>�G�D �a�Z �k�q�_�l �^�_�a��
�Z�f�b�g�b�j�h�\�Z�g�b�y �g�_�f�_�l�b�e�b�j�h�\�Z�g�g�h�]�h �p�b�l�h�a�b�g�Z �k �i�h�f�h�s�v�x �[�b�k�m�e�v�n�b�l�Z �g�Z�l�j�b�y. �F�_�l�h�^�b�d�Z �\�d�e�x�q�Z�_�l �q�_��
�l�u�j�_ �d�e�x�q�_�\�u�o �w�l�Z�i�Z�� �^�_�g�Z�l�m�j�Z�p�b�y �>�G�D �k �b�k�i�h�e�v�a�h�\�Z�g�b�_�f �s�_�e�h�q�b�� �f�h�^�b�n�b�d�Z�p�b�y �>�G�D �i�m�l�_�f �b�g�d�m�[�Z��
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�g�b�_�� �H�q�b�k�l�d�Z �>�G�D �± �d�j�b�l�b�q�_�k�d�b�c �w�l�Z�i�� �h�k�m�s�_�k�l�\�e�y�e�k�y �i�m�l�_�f �k�h�j�[�p�b�b �f�h�^�b�n�b�p�b�j�h�\�Z�g�g�h�c �>�G�D �g�Z �^�b��
�h�d�k�b�^ �d�j�_�f�g�b�y�� �I�j�h�\�_�^�_�g�b�_ �k�l�Z�^�b�b �l�\�z�j�^�h�n�Z�a�g�h�c �w�d�k�l�j�Z�d�p�b�b �i�h�a�\�h�e�b�e�h �i�h�e�m�q�b�l�v �f�h�^�b�n�b�p�b�j�h�\�Z�g�g�m�x 
�>�G�D �[�_�a �i�j�b�f�_�k�_�c �k�h�e�_�c �[�b�k�m�e�v�n�b�l�Z�� �q�l�h �i�h�^�l�\�_�j�`�^�Z�e�h�k�v �j�_�a�m�e�v�l�Z�l�Z�f�b �w�e�_�d�l�j�h�n�h�j�_�a�Z �\ 1% �Z�]�Z�j�h�a�g�h�f 
�]�_�e�_ �\ �i�j�b�k�m�l�k�l�\�b�b �[�j�h�f�b�k�l�h�]�h �w�l�b�^�b�y�� �H�i�b�k�Z�g�g�u�c �i�j�h�l�h�d�h�e �i�h�a�\�h�e�y�_�l �i�j�h�\�h�^�b�l�v �w�n�n�_�d�l�b�\�g�m�x �f�h�^�b��
�n�b�d�Z�p�b�x �>�G�D�� �i�h�e�m�q�_�g�g�m�x �b�a �j�Z�a�e�b�q�g�u�o �l�d�Z�g�_�c, �k�h �k�l�_�i�_�g�v�x �d�h�g�\�_�j�k�b�b �>�G�D 96-98% �k �g�_�a�g�Z�q�b�l�_�e�v��
�g�u�f�b �i�h�l�_�j�y�f�b �p�_�e�_�\�h�]�h �i�j�h�^�m�d�l�Z (33-41%) �\�h �\�j�_�f�y �f�h�^�b�n�b�d�Z�p�b�b�� �>�Z�g�g�u�c �f�_�l�h�^ �h�i�l�b�f�b�a�b�j�m�_�l �i�j�h��
�p�_�k�k �[�b�k�m�e�v�n�b�l�g�h�c �d�h�g�\�_�j�k�b�b�� �i�j�_�^�h�k�l�Z�\�e�y�y �g�Z�^�_�`�g�u�c �b �w�d�h�g�h�f�b�q�g�u�c �b�g�k�l�j�m�f�_�g�l �^�e�y �Z�g�Z�e�b�a�Z �i�Z�l��
�l�_�j�g�h�\ �f�_�l�b�e�b�j�h�\�Z�g�b�y�� �k �i�h�l�_�g�p�b�Z�e�h�f �d �m�e�m�q�r�_�g�b�x �g�Z�r�_�]�h �i�h�g�b�f�Z�g�b�y �j�_�]�m�e�y�p�b�b �w�d�k�i�j�_�k�k�b�b �]�_�g�h�\�� 
�[�b�h�e�h�]�b�b �d�Z�g�p�_�j�h�]�_�g�_�a�Z �b �h�[�e�_�]�q�_�g�b�y �i�h�e�m�q�_�g�b�y �h�j�]�Z�g�b�a�f�h�\ �k �a�Z�^�Z�g�g�u�f�b �k�\�h�c�k�l�\�Z�f�b��  
�D�e�x�q�_�\�u�_ �k�e�h�\�Z�� �f�_�l�b�e�b�j�h�\�Z�g�b�_�� �>�G�D�� �w�i�b�]�_�g�_�l�b�d�Z�� �f�h�^�b�n�b�d�Z�p�b�y�� �[�b�k�m�e�v�n�b�l �g�Z�l�j�b�y, �k�h�j�[�p�b�y�� �w�e�_�d��
�l�j�h�n�h�j�_�a. 
�>�e�y �p�b�l�b�j�h�\�Z�g�b�y�� �:�g�h�o�b�g�Z �=���;���� �I�e�h�l�g�b�d�h�\�Z �?���<���� �?�i�j�b�g�p�_�\ �:���L�� �F�_�l�h�^ �d�h�g�\�_�j�k�b�b �>�G�D �[�b�k�m�e�v�n�b��
�l�h�f �g�Z�l�j�b�y �k �k�h�j�[�p�b�_�c �g�Z �h�d�k�b�^ �d�j�_�f�g�b�y // �K�h�j�[�p�b�h�g�g�u�_ �b �o�j�h�f�Z�l�h�]�j�Z�n�b�q�_�k�d�b�_ �i�j�h�p�_�k�k�u. 2025. �L. 25, 
�‹  5. �K. 782-790. https://doi.org/10.17308/sorpchrom.2025.25/13446 
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Abstract. Currently, studies related to DNA methylation are in focus of fundamental and applied research. 
They allow revealing unknown aspects of controlling cell proliferation and differentiation (including abnor-
mal), understanding adaptation mechanisms, and developing methods for regulating the genome functioning 
without changing its nucleotide sequence. They also contribute to the development of methods for treating 
various tumours and other abnormalities associated with the disrupted expression of certain genes. The purpose 
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of the work is to develop and optimise the method of DNA conversion with sodium bisulphite for further study 
of DNA methylation in eukaryotic cells. The method presented in this paper is based on DNA modification by 
deamination of unmethylated cytosine with sodium bisulphite. The procedure consists of four key stages: DNA 
denaturation with alkali, DNA modification by incubation with sodium bisulphite solution at high tempera-
tures, DNA purification, and desulfonation. DNA purification is a critical stage, which was carried out by 
sorption of modified DNA on silicon dioxide. The solid-phase extraction made it possible to obtain modified 
DNA without bisulphite salt impurities, which was confirmed by the results of electrophoresis in 1% agarose 
gel in the presence of ethidium bromide. The described protocol allows for effective modification of DNA 
obtained from various tissues with a degree of DNA conversion of 96-98% with insignificant losses of the 
target product (33-41%) during the modification. This method optimises the process of bisulphite conversion 
by providing a reliable and cost-effective tool for analysing methylation patterns. It also contributes to a better 
understanding of the regulation of gene expression and the biology of carcinogenesis. It can also facilitate the 
production of organisms with desired properties. 
Keywords: methylation, DNA, epigenetics, modification, sodium bisulphite, sorption, electrophoresis 
For citation: Anokhina G.B., Plotnikova E.V., Eprintsev A.T. Method for DNA conversion using sodium 
bisulfite with adsorption onto silica matrix. Sorbtsionnye i khromatograficheskie protsessy. 2025. 25(5): 782-
790. (In Russ.). https://doi.org/10.17308/sorpchrom.2025.25/13446 
 

�<�\�_�^�_�g�b�_ 

�W�d�k�i�j�_�k�k�b�y �]�_�g�h�\ �± �i�j�h�p�_�k�k �j�_�Z�e�b�a�Z��
�p�b�b �]�_�g�_�l�b�q�_�k�d�h�c �b�g�n�h�j�f�Z�p�b�b �h�j�]�Z��
�g�b�a�f�Z�� �j�_�]�m�e�y�p�b�y �d�h�l�h�j�h�]�h �h�k�m�s�_�k�l�\�e�y��
�_�l�k�y �g�Z �g�_�k�d�h�e�v�d�b�o �m�j�h�\�g�y�o �h�j�]�Z�g�b�a�Z�p�b�b�� 
�[�b�h�o�b�f�b�q�_�k�d�h�f�� �]�_�g�_�l�b�q�_�k�d�h�f �b �w�i�b�]�_�g�_��
�l�b�q�_�k�d�h�f�� �K�m�s�_�k�l�\�_�g�g�u�_ �j�Z�a�e�b�q�b�y �\ 
�m�j�h�\�g�_ �f�Z�l�j�b�q�g�h�c �J�G�D �b �[�_�e�d�h�\ �f�_�`�^�m 
�d�e�_�l�d�Z�f�b �h�^�g�h�]�h �h�j�]�Z�g�b�a�f�Z�� �Z �l�Z�d�`�_ �b�o 
�\�Z�j�b�Z�p�b�b �g�Z �j�Z�a�g�u�o �k�l�Z�^�b�y�o �`�b�a�g�_�g�g�h�]�h 
�p�b�d�e�Z �g�_�j�_�^�d�h �g�Z�k�e�_�^�m�x�l�k�y �\ �j�y�^�m �i�h�d�h��
�e�_�g�b�c �b �h�[�m�k�e�h�\�e�_�g�u �w�i�b�]�_�g�_�l�b�q�_�k�d�b�f�b 
�f�_�o�Z�g�b�a�f�Z�f�b �d�h�g�l�j�h�e�y [1]. �D�h�e�_�[�Z�g�b�y �\ 
�w�d�k�i�j�_�k�k�b�h�g�g�h�c �Z�d�l�b�\�g�h�k�l�b �]�_�g�h�\ �q�Z�k�l�h 
�h�[�_�k�i�_�q�b�\�Z�x�l �g�_ �l�h�e�v�d�h �n�_�g�h�l�b�i�b�q�_�k�d�b�_ 
�b �n�m�g�d�p�b�h�g�Z�e�v�g�u�_ �j�Z�a�e�b�q�b�y �\ �d�e�_�l�h�q�g�u�o 
�e�b�g�b�y�o�� �g�h �b �Z�^�Z�i�l�b�\�g�u�_ �k�i�h�k�h�[�g�h�k�l�b �h�j��
�]�Z�g�b�a�f�h�\ �d �b�a�f�_�g�y�x�s�b�f�k�y �m�k�e�h�\�b�y�f 
�k�j�_�^�u�� �h�^�g�Z�d�h�� �k�e�m�q�Z�c�g�u�_ �b�a�f�_�g�_�g�b�y �\ 
�i�j�h�n�b�e�_ �w�d�k�i�j�_�k�k�b�b �l�_�o �b�e�b �b�g�u�o �]�_�g�h�\ 
�f�h�]�m�l �b�]�j�Z�l�v �g�_ �l�h�e�v�d�h �i�h�e�h�`�b�l�_�e�v�g�u�c 
���g�Z�i�j�b�f�_�j�� �\ �d�Z�q�_�k�l�\�_ �k�i�h�k�h�[�Z �j�Z�k�r�b�j�_��
�g�b�y �]�j�Z�g�b�p �b�a�f�_�g�q�b�\�h�k�l�b �b �Z�^�Z�i�l�b�\�g�h��
�k�l�b), �g�h �b �h�l�j�b�p�Z�l�_�e�v�g�u�c �w�n�n�_�d�l, �k�i�h�k�h�[��
�k�l�\�m�y �i�h�y�\�e�_�g�b�x �f�m�l�Z�p�b�c�� �k�h�i�j�y�`�_�g�g�u�o 
�k �b�g�Z�d�l�b�\�Z�p�b�_�c �n�_�j�f�_�g�l�g�u�o �k�b�k�l�_�f�� �b�]��
�j�Z�x�s�b�o �\�Z�`�g�m�x �j�h�e�v �\ �f�_�l�Z�[�h�e�b�a�f�_ �d�Z�d 
�h�l�^�_�e�v�g�u�o �d�e�_�l�h�d�� �l�Z�d �b �\�k�_�]�h �h�j�]�Z�g�b�a�f�Z, 
�Z �l�Z�d�`�_ �j�_�]�m�e�b�j�m�x�s�b�o �d�e�_�l�h�q�g�u�c �p�b�d�e. 
�J�Z�[�h�l�u �i�h�k�e�_�^�g�b�o �^�_�k�y�l�b�e�_�l�b�c �i�h�a�\�h��
�e�y�x�l �k �m�\�_�j�_�g�g�h�k�l�v�x �i�j�_�^�i�h�e�h�`�b�l�v�� �q�l�h 
�w�i�b�]�_�g�_�l�b�q�_�k�d�b�_ �f�_�o�Z�g�b�a�f�u �j�_�]�m�e�y�p�b�b 
�j�Z�[�h�l�u �]�_�g�h�f�Z �b�]�j�Z�x�l �d�e�x�q�_�\�m�x �j�h�e�v �\ 

�h�[�_�k�i�_�q�_�g�b�b �d�h�g�l�j�h�e�y �w�d�k�i�j�_�k�k�b�h�g�g�h�c 
�]�_�l�_�j�h�]�_�g�g�h�k�l�b [1].  

�W�i�b�]�_�g�_�l�b�q�_�k�d�b�_ �f�_�o�Z�g�b�a�f�u �d�h�g�l�j�h�e�y 
�j�Z�[�h�l�u �]�_�g�h�f�Z �i�j�_�^�k�l�Z�\�e�y�x�l �k�h�[�h�c 
�g�Z�k�e�_�^�m�_�f�u�_ �i�j�h�p�_�k�k�u�� �h�[�_�k�i�_�q�b�\�Z�x�s�b�_ 
�j�_�]�m�e�y�p�b�x �Z�d�l�b�\�g�h�k�l�b �w�d�k�i�j�_�k�k�b�b �]�_�g�h�\, 
�g�_�k�\�y�a�Z�g�g�u�_ �k �b�a�f�_�g�_�g�b�_�f �g�m�d�e�_�h�l�b�^�g�h�c 
�i�h�k�e�_�^�h�\�Z�l�_�e�v�g�h�k�l�v�x �>�G�D�� �D�h�\�Z�e�_�g�l�g�u�_ 
�f�h�^�b�n�b�d�Z�p�b�b �>�G�D �b �d�h�j�h�\�u�o �]�b�k�l�h�g�h�\ 
�y�\�e�y�x�l�k�y �\�Z�`�g�u�f�b �w�i�b�]�_�g�_�l�b�q�_�k�d�b�f�b 
�n�Z�d�l�h�j�Z�f�b�� �h�[�_�k�i�_�q�b�\�Z�x�s�b�f�b �j�_�]�m�e�y��
�p�b�x �w�d�k�i�j�_�k�k�b�b �]�_�g�h�\ [2-5].  

�F�_�l�b�e�b�j�h�\�Z�g�b�_ �>�G�D. �F�_�l�b�e�b�j�h�\�Z�g�b�_ 
�>�G�D �\ �k�\�h�_�f �©�d�e�Z�k�k�b�q�_�k�d�h�f�ª �\�Z�j�b�Z�g�l�_ 
�i�j�_�^�k�l�Z�\�e�y�_�l �k�h�[�h�c �d�h�\�Z�e�_�g�l�g�h�_ �i�j�b�k�h��
�_�^�b�g�_�g�b�_ �f�_�l�b�e�v�g�h�c �]�j�m�i�i�u �\ 5�•-�i�h�e�h�`�_��
�g�b�_ �p�b�l�h�a�b�g�h�\�h�]�h �h�k�g�h�\�Z�g�b�y�� �>�Z�g�g�u�c 
�w�i�b�]�_�g�_�l�b�q�_�k�d�b�c �f�_�o�Z�g�b�a�f �b�]�j�Z�_�l �d�e�x��
�q�_�\�m�x �j�h�e�v �\�h �f�g�h�]�b�o �[�b�h�e�h�]�b�q�_�k�d�b�o 
�i�j�h�p�_�k�k�Z�o, �h�[�_�k�i�_�q�b�\�Z�y �j�_�]�m�e�y�p�b�x �w�d�k��
�i�j�_�k�k�b�b �]�_�g�h�\�� �l�_�f �k�Z�f�u�f �m�q�Z�k�l�\�m�y �b �h�[�_�k��
�i�_�q�b�\�Z�y �w�f�[�j�b�h�g�Z�e�v�g�h�_ �j�Z�a�\�b�l�b�_, �d�e�_�l�h�q��
�g�m�x �i�j�h�e�b�n�_�j�Z�p�b�x�� �^�b�n�n�_�j�_�g�p�b�Z�p�b�x �b 
�k�l�Z�[�b�e�v�g�h�k�l�v �o�j�h�f�h�k�h�f [6]. �W�i�b�]�_�g�_�l�b�q�_��
�k�d�b�_ �f�h�^�b�n�b�d�Z�p�b�b �b�a�f�_�g�y�x�l �i�Z�l�l�_�j�g�u 
�l�j�Z�g�k�d�j�b�i�p�b�b �\ �f�g�h�]�h�d�e�_�l�h�q�g�u�o �h�j�]�Z�g�b�a��
�f�Z�o �^�e�y �^�h�k�l�b�`�_�g�b�y �l�d�Z�g�_�k�i�_�p�b�n�b�q�g�h�c 
�w�d�k�i�j�_�k�k�b�b �]�_�g�h�\ [7]. �G�Z�j�m�r�_�g�b�y �\ �i�Z�l�l�_�j��
�g�Z�o �f�_�l�b�e�b�j�h�\�Z�g�b�y �m �q�_�e�h�\�_�d�Z �b �f�e�_�d�h�i�b��
�l�Z�x�s�b�o �k�h�i�j�y�`�_�g�u �k �j�Z�k�k�l�j�h�c�k�l�\�h�f �b�f��
�i�j�b�l�b�g�]�Z �b �d�Z�g�p�_�j�h�]�_�g�_�a�h�f [6].  

�F�_�l�b�e�b�j�h�\�Z�g�b�_ �p�b�l�h�a�b�g�Z �\ �p�_�i�b �>�G�D 
�h�k�m�s�_�k�l�\�e�y�_�l�k�y �i�h�k�j�_�^�k�l�\�h�f �n�m�g�d�p�b�h�g�b��
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�j�h�\�Z�g�b�y �k�i�_�p�b�n�b�q�_�k�d�b�o �n�_�j�f�_�g�l�g�u�o �k�b��
�k�l�_�f - �>�G�D-�f�_�l�b�e�l�j�Z�g�k�n�_�j�Z�a ���>�F�L��, �d�h��
�l�h�j�u�_ �k�i�_�p�b�n�b�q�_�k�d�b �i�j�b�k�h�_�^�b�g�y�x�l �K�G3-
�]�j�m�i�i�m �d CpG-�^�b�g�m�d�e�_�h�l�b�^�Z�f�� �\�o�h�^�y�s�b�f 
�\ �k�h�k�l�Z�\ �]�_�g�Z�� �h�[�j�Z�a�m�y 5-�f�_�l�b�e�p�b�l�h�a�b�g. 
�KpG-�^�b�g�m�d�e�_�h�l�b�^�u �i�j�_�^�k�l�Z�\�e�y�x�l �k�h�[�h�c 
�j�Z�k�i�h�e�Z�]�Z�x�s�b�_�k�y �j�y�^�h�f �p�b�l�h�a�b�g �b �]�m�Z��
�g�b�g�� �j�Z�a�^�_�e�_�g�g�u�_ �n�h�k�n�Z�l�h�f �����•�² C�²
phosphate�² G�² ���•���� �F�_�l�b�e�b�j�h�\�Z�g�b�_ �>�G�D 
�m �f�e�_�d�h�i�b�l�Z�x�s�b�o �h�k�m�s�_�k�l�\�e�y�_�l�k�y �i�j�_��
�b�f�m�s�_�k�l�\�_�g�g�h �i�h CpG-�k�Z�c�l�Z�f�� �\ �l�h �\�j�_�f�y 
�d�Z�d �m �j�Z�k�l�_�g�b�c �\�k�l�j�_�q�Z�_�l�k�y �\ �l�j�_�o �d�h�g��
�l�_�d�k�l�Z�o�� CpG, CpNpG �b CpNpN (N = A, T, 
C), �d�h�l�h�j�u�_ �m�k�l�Z�g�Z�\�e�b�\�Z�x�l�k�y �b �i�h�^�^�_�j��
�`�b�\�Z�x�l�k�y �m�g�b�d�Z�e�v�g�u�f �g�Z�[�h�j�h�f �>�G�D-�f�_��
�l�b�e�l�j�Z�g�k�n�_�j�Z�a �b �j�_�]�m�e�b�j�m�x�l�k�y �k�i�_�p�b��
�n�b�q�g�u�f�b �^�e�y �j�Z�k�l�_�g�b�c �i�m�l�y�f�b [8-10] 
�M�\�_�e�b�q�_�g�b�_ �k�l�_�i�_�g�b �f�_�l�b�e�b�j�h�\�Z�g�b�y �>�G�D 
�\ �j�_�]�m�e�y�l�h�j�g�u�o �h�[�e�Z�k�l�y�o ���g�Z�i�j�b�f�_�j�� �\ �h�[��
�e�Z�k�l�b �i�j�h�f�h�l�h�j�Z�� �b �l�_�e�Z�o �]�_�g�h�\ �i�j�b�\�h�^�b�l 
�d �k�g�b�`�_�g�b�x �b�e�b �i�h�e�g�h�f�m �i�h�^�Z�\�e�_�g�b�x 
�w�d�k�i�j�_�k�k�b�b �w�l�b�o �]�_�g�h�\�� �\ �l�h �\�j�_�f�y �d�Z�d 
�k�g�b�`�_�g�b�_ �^�h�e�b �f�_�l�b�e�b�j�h�\�Z�g�g�u�o �p�b�l�h�a�b��
�g�h�\ �g�Z�h�[�h�j�h�l �k�i�h�k�h�[�k�l�\�m�_�l �b�g�^�m�d�p�b�b 
�l�j�Z�g�k�d�j�b�i�p�b�h�g�g�h�c �b�o �Z�d�l�b�\�g�h�k�l�b�� �I�j�b��
�k�h�_�^�b�g�_�g�b�_ �f�_�l�b�e�v�g�h�c �]�j�m�i�i�u �\ ���¶- �i�h�e�h��
�`�_�g�b�_ �p�b�l�h�a�b�g�h�\�h�]�h �d�h�e�v�p�Z �\ �k�h�k�l�Z�\�_ �f�h��
�e�_�d�m�e�u �>�G�D �i�j�b�\�h�^�b�l �d �k�f�_�g�_ �i�j�h�n�b�e�y 
�w�d�k�i�j�_�k�k�b�b �]�_�g�Z �\ �\�b�^�m�� �\ �l�h�f �q�b�k�e�_, �b�a��
�f�_�g�_�g�b�y �i�j�h�k�l�j�Z�g�k�l�\�_�g�g�h�c �k�l�j�m�d�l�m�j�u 
�o�j�h�f�Z�l�b�g�Z ���m�\�_�e�b�q�_�g�b�_ �d�h�f�i�Z�d�l�b�a�Z�p�b�b 
�o�j�h�f�Z�l�b�g�Z �i�j�_�i�y�l�k�l�\�m�_�l �l�j�Z�g�k�d�j�b�i�p�b�b 
�]�_�g�Z) [1, 4, 8, 11-13, 15-19]. �D�j�h�f�_ �l�h�]�h�� 
�\�Z�`�g�h �h�l�f�_�l�b�l�v�� �q�l�h �f �_�l�b�e�b�j�h�\�Z�g�b�_ �>�G�D 
�l�Z�d�`�_ �b�]�j�Z�_�l �\�Z�`�g�m�x �j�h�e�v �\ �k�b�k�l�_�f�_ �a�Z��
�s�b�l�u �]�_�g�h�f�Z �h�l �b�g�\�Z�a�b�\�g�u�o���q�m�`�_�j�h�^�g�u�o 
�i�h�k�e�_�^�h�\�Z�l�_�e�v�g�h�k�l�_�c �>�G�D ���g�Z�i�j�b�f�_�j�� 
�l�j�Z�g�k�i�h�a�h�g�u��, �f�_�l�b�e�b�j�m�y �b�� �l�_�f �k�Z�f�u�f�� 
�b�g�Z�d�l�b�\�b�j�m�y �b�o [14].  

�F�_�l�b�e�b�j�h�\�Z�g�b�_ �>�G�D �± �j�Z�k�i�j�h�k�l�j�Z�g�_�g��
�g�u�c �f�_�o�Z�g�b�a�f �j�_�]�m�e�y�p�b�b �w�d�k�i�j�_�k�k�b�b �]�_��
�g�h�\ �m �j�Z�k�l�_�g�b�c [20-22]. �A�Z �i�h�k�e�_�^�g�b�_ �^�_�k�y��
�l�b�e�_�l�b�y �q�_�e�h�\�_�q�_�k�l�\�h �k�m�s�_�k�l�\�_�g�g�h �i�j�h��
�^�\�b�g�m�e�h�k�v �\ �i�h�g�b�f�Z�g�b�b �i�j�h�p�_�k�k�h�\ �f�_�l�b��
�e�b�j�h�\�Z�g�b�y�� �h�^�g�Z�d�h�� �k�m�s�_�k�l�\�m�_�l �h�]�j�h�f�g�h�_ 
�d�h�e�b�q�_�k�l�\�h �[�_�e�u�o �i�y�l�_�g �\ �^�Z�g�g�h�c �h�[�e�Z�k�l�b 
�[�b�h�e�h�]�b�b��  

�<�Z�`�g�Z�y �j�h�e�v �f�_�l�b�e�b�j�h�\�Z�g�b�y �>�G�D, �d�Z�d 
�h�^�g�h�]�h �b�a �f�_�o�Z�g�b�a�f�h�\ �w�i�b�]�_�g�_�l�b�q�_�k�d�h�c 

�j�_�]�m�e�y�p�b�b �j�Z�[�h�l�u �]�_�g�h�f�Z�� �k�h�a�^�Z�_�l �i�h��
�l�j�_�[�g�h�k�l�v �\ �w�n�n�_�d�l�b�\�g�u�o �b �q�m�\�k�l�\�b�l�_�e�v��
�g�u�o �f�_�l�h�^�Z�o �Z�g�Z�e�b�a�Z �f�_�l�b�e�v�g�h�]�h �k�l�Z�l�m�k�Z 
�h�l�^�_�e�v�g�u�o �m�q�Z�k�l�d�h�\ �>�G�D�� �;�b�k�m�e�v�n�b�l�g�h�_ 
�]�_�g�h�f�g�h�_ �k�_�d�\�_�g�b�j�h�\�Z�g�b�_�� �j�Z�a�j�Z�[�h�l�Z�g�g�h�_ 
�N�j�h�f�f�_�j�h�f �b �d�h�e�e�_�]�Z�f�b�� �[�u�e�h �i�j�b�a�g�Z�g�h 
�j�_�\�h�e�x�p�b�_�c �\ �Z�g�Z�e�b�a�_ �f�_�l�b�e�b�j�h�\�Z�g�b�y 
�>�G�D [23, 24]. �< �h�k�g�h�\�_ �f�_�l�h�^�Z �e�_�`�b�l �d�h�g��
�\�_�j�k�b�y �>�G�D �k �b�k�i�h�e�v�a�h�\�Z�g�b�_�f �[�b�k�m�e�v��
�n�b�l�Z �g�Z�l�j�b�y�� �H�^�g�Z�d�h�� �g�_�k�f�h�l�j�y �g�Z �^�h�k�l�h��
�b�g�k�l�\�Z �f�_�l�h�^�Z �[�b�k�m�e�v�n�b�l�g�h�]�h �k�_�d�\�_�g�b�j�h��
�\�Z�g�b�y�� �g�Z �i�j�Z�d�l�b�d�_ �w�l�Z�i �[�b�k�m�e�v�n�b�l�g�h�c 
�d�h�g�\�_�j�k�b�b �y�\�e�y�_�l�k�y �d�j�b�l�b�q�_�k�d�b�f�� �M�k�i�_�r��
�g�h�k�l�v �_�]�h �i�j�h�\�_�^�_�g�b�y �g�Z�i�j�y�f�m�x �\�e�b�y�_�l 
�g�Z �^�Z�e�v�g�_�c�r�_�_ �b�k�k�e�_�^�h�\�Z�g�b�_�� �;�h�e�_�_ �l�h�]�h�� 
�q�Z�s�_ �\�k�_�]�h�� �h�r�b�[�d�b �b�e�b �g�_�m�^�Z�q�b �i�j�h�\�_��
�^�_�g�b�y �[�b�k�m�e�v�n�b�l�g�h�c �f�h�^�b�n�b�d�Z�p�b�b �>�G�D 
�i�j�b�\�h�^�y�l �d �g�_�^�h�k�l�h�\�_�j�g�u�f �j�_�a�m�e�v�l�Z�l�Z�f 
�b�e�b �i�h�e�g�h�f�m �b�o �h�l�k�m�l�k�l�\�b�x�� �< �k�\�y�a�b �k 
�w�l�b�f �p�_�e�v�x �j�Z�[�h�l�u �y�\�e�y�e�Z�k�v �j�Z�a�j�Z�[�h�l�d�Z 
�w�n�n�_�d�l�b�\�g�h�]�h�� �g�Z�^�_�`�g�h�]�h �b �g�_�^�h�j�h�]�h�]�h 
�f�_�l�h�^�Z �[�b�k�m�e�v�n�b�l�g�h�c �d�h�g�\�_�j�k�b�b �>�G�D �g�Z 
�h�k�g�h�\�Z�g�b�b �b�f�_�x�s�b�o�k�y �\ �f�b�j�h�\�h�c �i�j�Z�d��
�l�b�d�_ �f�_�l�h�^�b�d�� �< �^�Z�g�g�h�c �k�l�Z�l�v�_ �f�u �i�j�_�^��
�k�l�Z�\�e�y�_�f �i�j�h�l�h�d�h�e�� �d�h�l�h�j�u�c �\ �g�Z�k�l�h�y�s�_�_ 
�\�j�_�f�y �q�Z�k�l�h �b�k�i�h�e�v�a�m�_�l�k�y �\ �g�Z�r�_�c �e�Z�[�h��
�j�Z�l�h�j�b�b �b �d�h�l�h�j�u�c �^�Z�_�l �l�h�q�g�u�_ �b �\�h�k�i�j�h��
�b�a�\�h�^�b�f�u�_ �j�_�a�m�e�v�l�Z�l�u��  

�W�d�k�i�_�j�b�f�_�g�l�Z�e�v�g�Z�y �q�Z�k�l�v 

�F�_�l�b�e�b�j�h�\�Z�g�b�_ �p�b�l�h�a�b�g�Z �y�\�e�y�_�l�k�y 
�j�Z�k�i�j�h�k�l�j�Z�g�_�g�g�h�c �i�h�k�l-�j�_�i�e�b�d�Z�l�b�\�g�h�c 
�f�h�^�b�n�b�d�Z�p�b�_�c �>�G�D �m �f�e�_�d�h�i�b�l�Z�x�s�b�o �b 
�j�Z�k�l�_�g�b�c�� �F�_�l�h�^�u �h�i�j�_�^�_�e�_�g�b�y �m�q�Z�k�l�d�h�\ 
�f�_�l�b�e�b�j�h�\�Z�g�b�y �>�G�D �i�j�_�^�k�l�Z�\�e�y�x�l �b�g�l�_��
�j�_�k �g�_ �l�h�e�v�d�h �\ �d�Z�q�_�k�l�\�_ �b�k�l�h�q�g�b�d�Z �n�m�g��
�^�Z�f�_�g�l�Z�e�v�g�u�o �a�g�Z�g�b�c �h�k�g�h�\ �w�i�b�]�_�g�_�l�b�q�_��
�k�d�h�c �j�_�]�m�e�y�p�b�b�� �g�h �b �k �i�j�Z�d�l�b�q�_�k�d�h�c 
�l�h�q�d�b �a�j�_�g�b�y�� �D�Z�d �b�a�\�_�k�l�g�h�� �d�Z�g�p�_�j�h�]�_�g�_�a 
�g�_�j�_�^�d�h �k�h�i�j�y�`�_�g �k �b�a�f�_�g�_�g�b�_�f �f�_�l�b�e�v��
�g�h�]�h �i�j�h�n�b�e�y �]�_�g�h�\ �k�m�i�j�_�k�k�h�j�h�\ �h�i�m�o�h��
�e�_�c �b �]�_�g�h�\�� �h�l�\�_�l�k�l�\�_�g�g�u�o �a�Z �j�_�]�m�e�y�p�b�x 
�d�e�_�l�h�q�g�h�]�h �p�b�d�e�Z [25].  

�I�j�b�g�p�b�i�b�Z�e�v�g�Z�y �h�k�g�h�\�Z �f�_�l�h�^�Z. �< 
�g�Z�k�l�h�y�s�_�_ �\�j�_�f�y �\ �d�Z�q�_�k�l�\�_ �h�^�g�h�]�h �b�a 
�k�i�h�k�h�[�h�\ �b�k�k�e�_�^�h�\�Z�g�b�y �f�_�l�b�e�v�g�h�]�h �k�l�Z��
�l�m�k�Z �]�_�g�h�f�Z �w�m�d�Z�j�b�h�l�b�q�_�k�d�h�c �d�e�_�l�d�b �i�j�b��
�f�_�g�y�x�l �[�b�k�m�e�v�n�b�l�g�h�_ �k�_�d�\�_�g�b�j�h�\�Z�g�b�_ 
�>�G�D�� �I�j�b �w�l�h�f�� �\�Z�`�g�u�f �w�l�Z�i�h�f �^�Z�g�g�h�]�h 
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�b�k�k�e�_�^�h�\�Z�g�b�y �y�\�e�y�_�l�k�y �i�j�_�^�\�Z�j�b�l�_�e�v�g�Z�y 
�o�b�f�b�q�_�k�d�Z�y �l�j�Z�g�k�n�h�j�f�Z�p�b�y �>�G�D ���d�h�g��
�\�_�j�k�b�y�� �k �i�h�f�h�s�v�x �[�b�k�m�e�v�n�b�l�Z �g�Z�l�j�b�y 
[26]. �< �h�k�g�h�\�_ �f�_�l�h�^�Z �[�b�k�m�e�v�n�b�l�g�h�c �d�h�g��
�\�_�j�k�b�b �e�_�`�b�l �k�i�h�k�h�[�g�h�k�l�v �[�b�k�m�e�v�n�b�l�Z 
�g�Z�l�j�b�y �i�j�b�\�h�^�b�l�v �d �^�_�a�Z�f�b�g�b�j�h�\�Z�g�b�x 
�p�b�l�h�a�b�g�Z �\ �k�h�k�l�Z�\�_ �f�h�e�_�d�m�e�u �>�G�D, �k 
�^�Z�e�v�g�_�c�r�b�f �o�b�f�b�q�_�k�d�b�f �^�_�k�m�e�v�n�h�g�b�j�h��
�\�Z�g�b�_�f �_�]�h �\ �m�j�Z�p�b�e �\ �i�j�b�k�m�l�k�l�\�b�b �s�_��
�e�h�q�b. �I�j�b �w�l�h�f�� �\�Z�`�g�h �h�l�f�_�l�b�l�v�� �q�l�h �[�b��
�k�m�e�v�n�b�l �g�Z�l�j�b�y �i�j�_�h�[�j�Z�a�m�_�l �f�_�l�b�e�b�j�h��
�\�Z�g�g�u�c �p�b�l�h�a�b�g (m5C) �]�h�j�Z�a�^�h �f�_�^�e�_�g��
�g�_�_ (�j�b�k�� 1) [27]. 

�O�b�f�b�q�_�k�d�Z�y �f�h�^�b�n�b�d�Z�p�b�y �b�k�k�e�_�^�m�_��
�f�h�c �>�G�D�� �k�i�h�k�h�[�k�l�\�m�x�s�Z�y �i�j�_�\�j�Z�s�_�g�b�x 
�p�b�l�h�a�b�g�Z �\ �m�j�Z�p�b�e �k �^�Z�e�v�g�_�c�r�_�c �Z�f�i�e�b��
�n�b�d�Z�p�b�_�c �\ �i�j�b�k�m�l�k�l�\�b�b �i�j�Z�c�f�_�j�h�\ �^�e�y 
�[�b�k�m�e�v�n�b�l�g�h�]�h �k�_�d�\�_�g�b�j�h�\�Z�g�b�y�� �i�j�b�\�h��
�^�b�l �d �k�b�g�l�_�a�m �f�h�e�_�d�m�e�u �Z�f�i�e�b�d�h�g�Z. �< 
�i�j�h�p�_�k�k�_ �i�j�h�\�_�^�_�g�b�y �I�P�J �m�j�Z�p�b�e �j�Z�k�i�h��
�a�g�Z�_�l�k�y �>�G�D-�i�h�e�b�f�_�j�Z�a�h�c �d�Z�d �l�b�f�b�g�� �K�_��
�d�\�_�g�b�j�h�\�Z�g�b�_ �d�e�h�g�b�j�h�\�Z�g�g�h�]�h �Z�f�i�e�b��
�d�h�g�Z �± �[�b�k�m�e�v�n�b�l�g�h�_ �]�_�g�h�f�g�h�_ �k�_�d�\�_�g�b��
�j�h�\�Z�g�b�_, �i�h�a�\�h�e�y�_�l �l�h�q�g�h �h�[�g�Z�j�m�`�b�l�v 
�i�j�b�k�m�l�k�l�\�b�_ m5C �\ �b�k�k�e�_�^�m�_�f�h�c �h�[�e�Z�k�l�b 
�>�G�D �k �j�Z�a�j�_�r�_�g�b�_�f �\ �h�^�b�g �g�m�d�e�_�h�l�b�^ 

[23, 24]. �K�m�s�_�k�l�\�_�g�g�h�_ �i�j�_�b�f�m�s�_�k�l�\�h 
�^�Z�g�g�h�]�h �f�_�l�h�^�Z �i�_�j�_�^ �^�j�m�]�b�f�b �a�Z�d�e�x�q�Z��
�_�l�k�y �\ �l�h�f�� �q�l�h �h�g �h�[�_�k�i�_�q�b�\�Z�_�l �q�l�_�g�b�_ 
�k�l�Z�l�m�k�Z �f�_�l�b�e�b�j�h�\�Z�g�b�y �d�Z�`�^�h�]�h �h�l�^�_�e�v��
�g�h�]�h �p�b�l�h�a�b�g�Z, �q�l�h �i�h�a�\�h�e�y�_�l �b�^�_�g�l�b�n�b��
�p�b�j�h�\�Z�l�v �^�b�n�n�_�j�_�g�p�b�Z�e�v�g�h �f�_�l�b�e�b�j�h��
�\�Z�g�g�u�_ �f�h�e�_�d�m�e�u �>�G�D �\ �i�h�i�m�e�y�p�b�b �d�e�_��
�l�h�d�� �Z �l�Z�d�`�_ �b�k�k�e�_�^�h�\�Z�l�v �^�b�g�Z�f�b�d�m �b�a�f�_��
�g�_�g�b�y �f�_�l�b�e�v�g�h�]�h �k�l�Z�l�m�k�Z �b�g�l�_�j�_�k�m�x�s�b�o 
�m�q�Z�k�l�d�h�\ �]�_�g�h�f�Z [28]. 

�H�[�k�m�`�^�_�g�b�_���j�_�a�m�e�v�l�Z�l�h�\ 

�L�j�Z�g�k�n�h�j�f�Z�p�b�x �>�G�D �[�b�k�m�e�v�n�b�l�h�f 
�g�Z�l�j�b�y �m�k�e�h�\�g�h �f�h�`�g�h �j�Z�a�^�_�e�b�l�v �g�Z �g�_��
�k�d�h�e�v�d�h �w�l�Z�i�h�\ (�j�b�k�� 2):  

1.�>�_�g�Z�l�m�j�Z�p�b�y �>�G�D�� �=�_�g�h�f�g�Z�y �>�G�D 
���^�h 10 �f�d�]���f�e�� �^�_�g�Z�l�m�j�b�j�m�_�l�k�y �\ �i�j�b�k�m�l��
�k�l�\�b�b �s�_�e�h�q�b�� �<�u�k�h�d�Z�y �d�h�g�p�_�g�l�j�Z�p�b�y 
�>�G�D �i�j�b �[�b�k�m�e�v�n�b�l�g�h�c �d�h�g�\�_�j�k�b�b ���[�h�e�_�_ 
10 �f�d�]���k�f3) �f�h�`�_�l �k�m�s�_�k�l�\�_�g�g�h �k�g�b�a�b�l�v 
�^�h�e�x �d�h�g�\�_�j�l�b�j�h�\�Z�g�g�u�o �f�h�e�_�d�m�e�� �q�l�h 
�f�h�`�_�l �[�u�l�v �k�\�y�a�Z�g�h �k �g�_�^�h�k�l�Z�l�h�q�g�u�f �k�h��
�^�_�j�`�Z�g�b�_�f �[�b�k�m�e�v�n�b�l�Z �g�Z�l�j�b�y �\ �i�_�j�_��
�k�q�_�l�_ �g�Z �d�h�e�b�q�_�k�l�\�h �f�h�e�_�d�m�e �>�G�D�� �k �m�\�_��
�e�b�q�_�g�b�_�f pH �k�j�_�^�u �a�Z �k�q�z�l �h�[�j�Z�a�h�\�Z�g�b�y 
�i�h�[�h�q�g�h�]�h �i�j�h�^�m�d�l�Z �j�_�Z�d�p�b�b - NH4

+, �b �d�Z�d 

 
�J�b�k������. �K�o�_�f�Z���o�b�f�b�q�_�k�d�h�c���f�h�^�b�n�b�d�Z�p�b�b���p�b�l�h�a�b�g�Z�����f�_�l�b�e�b�j�h�\�Z�g�g�h�]�h���b���g�_�f�_�l�b�e�b�j�h�\�Z�g��

�g�h�]�h�����[�b�k�m�e�v�n�b�l�h�f���g�Z�l�j�b�y 
Fig. 1. Scheme of chemical modification of cytosine (methylated and non-methylated) with 

sodium bisulfite 
 

 
�J�b�k������. �K�o�_�f�Z���f�h�^�b�n�b�d�Z�p�b�b���>�G�D���[�b�k�m�e�v�n�b�l�h�f���g�Z�l�j�b�y���k���m�d�Z�a�Z�g�b�_�f���h�k�g�h�\�g�u�o���w�l�Z�i�h�\ 

Fig. 2. Scheme of DNA modification with sodium bisulfite, indicating the main steps 
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�k�e�_�^�k�l�\�b�_�� �k�g�b�`�_�g�b�x �k�i�h�k�h�[�g�h�k�l�b �[�b��
�k�m�e�v�n�b�l�Z �f�h�^�b�n�b�p�b�j�h�\�Z�l�v �>�G�D. 

2.�F�h�^�b�n�b�d�Z�p�b�y �>�G�D �i�m�l�_�f �b�g�d�m�[�Z��
�p�b�b �^�_�g�Z�l�m�j�b�j�h�\�Z�g�g�h�c �>�G�D �\ �j�Z�k�l�\�h�j�_ 
�[�b�k�m�e�v�n�b�l�Z �g�Z�l�j�b�y �i�j�b �l�_�f�i�_�j�Z�l�m�j�_ 
�k�\�u�r�_ 50�h�K�� �F�h�^�m�e�y�p�b�b �l�_�f�i�_�j�Z�l�m�j�u 
�d�m�e�v�l�b�\�b�j�h�\�Z�g�b�y, �Z �l�Z�d�`�_ �i�j�h�\�_�^�_�g�b�_ �g�_��
�k�d�h�e�v�d�b�o �p�b�d�e�h�\ �b�g�d�m�[�Z�p�b�b �f�h�]�m�l �k�i�h��
�k�h�[�k�l�\�h�\�Z�l�v �h�i�l�b�f�b�a�Z�p�b�b �i�j�h�p�_�k�k�Z �d�h�g��
�\�_�j�k�b�b �>�G�D�� �Z �l�Z�d�`�_ �k�g�b�`�_�g�b�x���m�\�_�e�b�q�_��
�g�b�x �\�j�_�f�_�g�b �i�j�h�\�_�^�_�g�b�y �^�Z�g�g�h�]�h �w�l�Z�i�Z�� 
�G�_�i�h�e�g�Z�y �d�h�g�\�_�j�k�b�y �>�G�D �f�h�`�_�l �i�j�b�\�_��
�k�l�b �d �i�h�y�\�e�_�g�b�x �e�h�`�g�h�i�h�e�h�`�b�l�_�e�v�g�u�o 
�b�e�b �e�h�`�g�h�h�l�j�b�p�Z�l�_�e�v�g�u�o �j�_�a�m�e�v�l�Z�l�h�\�� 
�J�_�g�Z�l�m�j�Z�p�b�y ���i�h�e�g�Z�y �b�e�b �q�Z�k�l�b�q�g�Z�y�� 
�>�G�D �f�h�`�_�l �i�j�b�\�h�^�b�l�v �d �k�m�s�_�k�l�\�_�g�g�h�f�m 
�k�g�b�`�_�g�b�x �d�h�g�\�_�j�k�b�b�� �i�h�w�l�h�f�m �p�_�e�_�k�h�h�[��
�j�Z�a�g�h �b�k�i�h�e�v�a�h�\�Z�l�v �p�b�d�e�b�q�g�u�c �i�j�h�l�h�d�h�e 
�b�g�d�m�[�Z�p�b�b �>�G�D �\ �j�Z�k�l�\�h�j�_ �[�b�k�m�e�v�n�b�l�Z�� 
�D�j�h�f�_ �l�h�]�h�� �\�\�_�^�_�g�b�_ �^�h�i�h�e�g�b�l�_�e�v�g�h�c 
�k�l�Z�^�b�b �h�[�j�Z�[�h�l�d�b �h�[�j�Z�a�p�Z �>�G�D �i�j�h�l�_�b��
�g�Z�a�h�c �D �i�h�a�\�h�e�b�l �b�a�[�Z�\�b�l�v�k�y �h�l �[�_�e�d�h�\�� 
�i�j�b�k�m�l�k�l�\�m�x�s�b�o �\ �h�[�j�Z�a�p�_��  

3.�H�q�b�k�l�d�Z �>�G�D �h�l �k�h�e�_�c �[�b�k�m�e�v�n�b�l�Z�� 
�>�Z�g�g�Z�y �k�l�Z�^�b�y �h�q�_�g�v �\�Z�`�g�Z�� �l�Z�d �d�Z�d �[�b��
�k�m�e�v�n�b�l �g�Z�l�j�b�y �\ �j�_�Z�d�p�b�h�g�g�h�c �k�j�_�^�_ �g�_ 
�l�h�e�v�d�h �k�i�h�k�h�[�k�l�\�m�_�l �^�_�]�j�Z�^�Z�p�b�b �>�G�D �a�Z 
�k�q�z�l �k�b�e�v�g�u�o �h�d�b�k�e�b�l�_�e�v�g�u�o �k�\�h�c�k�l�\ �k�Z��
�f�h�]�h �[�b�k�m�e�v�n�b�l�Z�� �g�h �l�Z�d�`�_ �a�Z �k�q�z�l �k�i�h��
�k�h�[�g�h�k�l�b �[�b�k�m�e�v�n�b�l�Z �g�Z�l�j�b�y �b�g�]�b�[�b�j�h��
�\�Z�l�v �j�Z�[�h�l�m �>�G�D-�i�h�e�b�f�_�j�Z�a�� �b�g�]�b�[�b�j�m�_�l 
�j�_�i�e�b�d�Z�p�b�x �>�G�D. �G�Z�b�[�h�e�_�_ �[�u�k�l�j�u�f �b 
�w�n�n�_�d�l�b�\�g�u�f �f�_�l�h�^�h�f �h�q�b�k�l�d�b �>�G�D �h�l 
�[�b�k�m�e�v�n�b�l�Z �g�Z�l�j�b�y �y�\�e�y�_�l�k�y �k�h�j�[�p�b�y �f�h��
�e�_�d�m�e�u �g�m�d�e�_�b�g�h�\�h�c �d�b�k�e�h�l�u �g�Z �l�\�_�j�^�h�f 
�g�h�k�b�l�_�e�_�� �B�k�i�h�e�v�a�h�\�Z�g�b�_ �f�Z�]�g�b�l�g�u�o �q�Z��
�k�l�b�p �\ �d�Z�q�_�k�l�\�_ �k�h�j�[�_�g�l�Z �\ �k�h�k�l�Z�\�_ �d�h�f��
�f�_�j�q�_�k�d�b�o �g�Z�[�h�j�h�\ �q�Z�k�l�h �h�k�e�h�`�g�y�_�l�k�y 
�l�_�f�� �q�l�h �k�h�e�b �[�b�k�m�e�v�n�b�l�Z �k�h�j�[�b�j�m�x�l�k�y �g�Z 
�f�Z�]�g�b�l�g�u�_ �q�Z�k�l�b�p�u �g�Z�j�y�^�m �k �f�h�^�b�n�b�p�b��
�j�h�\�Z�g�g�h�c �>�G�D�� �l�_�f �k�Z�f�u�f �i�j�_�i�y�l�k�l�\�m�y 
�^�Z�e�v�g�_�c�r�b�f �b�k�k�e�_�^�h�\�Z�g�b�y�f�� �D�j�h�f�_ �l�h�]�h�� 
�g�_�j�_�^�d�h�� �g�Z �f�Z�]�g�b�l�g�u�_ �q�Z�k�l�b�p�u �k�h�j�[�b�j�m��
�x�l�k�y �\ �[�h�e�v�r�_�c �k�l�_�i�_�g�b �d�h�j�h�l�d�b�_ �n�j�Z�]��
�f�_�g�l�u �f�h�^�b�n�b�p�b�j�h�\�Z�g�g�h�c �>�G�D�� �q�l�h �\ 
�^�Z�e�v�g�_�c�r�_�f�� �f�h�`�_�l �i�j�b�\�_�k�l�b �d �i�h�y�\�e�_��
�g�b�x �e�h�`�g�h �i�h�e�h�`�b�l�_�e�v�g�u�o �b �e�h�`�g�h�h�l�j�b��
�p�Z�l�_�e�v�g�u�o �j�_�a�m�e�v�l�Z�l�h�\�� 

4.�>�_�k�m�e�v�n�h�g�b�j�h�\�Z�g�b�_ �k�m�e�v�n�h�g�b�e�m�j�Z��
�p�b�e�h�\�u�o �Z�^�^�m�d�l�h�\ �h�k�m�s�_�k�l�\�e�y�_�l�k�y �l�Z�d�`�_ 
�\ �i�j�b�k�m�l�k�l�\�b�b �s�_�e�h�q�b�� 

�G�_�k�f�h�l�j�y �g�Z �l�h�� �q�l�h �\ �g�Z�k�l�h�y�s�_�_ �\�j�_�f�y 
�k�m�s�_�k�l�\�m�_�l �f�g�h�`�_�k�l�\�h �j�Z�a�e�b�q�g�u�o �g�Z�[�h��
�j�h�\ �^�e�y �[�b�k�m�e�v�n�b�l�g�h�c �d�h�g�\�_�j�k�b�b �>�G�D 
�h�g�b �g�_ �\�k�_�]�^�Z �w�n�n�_�d�l�b�\�g�u�� �^�Z�x�l �^�h�k�l�Z��
�l�h�q�g�h �g�b�a�d�b�c �\�u�o�h�^ �f�h�^�b�n�b�p�b�j�h�\�Z�g�g�h�c 
�>�G�D �b �h�q�_�g�v �^�h�j�h�]�h�k�l�h�y�s�b�� �B�k�k�e�_�^�h�\�Z��
�g�b�_ �[�h�e�v�r�h�]�h �d�h�e�b�q�_�k�l�\�Z �h�[�j�Z�a�p�h�\ �\ �w�l�h�f 
�k�e�m�q�Z�_ �f�h�`�_�l �[�u�l�v �h�q�_�g�v �g�Z�d�e�Z�^�g�u�f�� 
�I�j�h�\�_�^�_�g�b�_ �[�b�k�m�e�v�n�b�l�g�h�c �d�h�g�\�_�j�k�b�b 
�>�G�D �©�\�j�m�q�g�m�x�ª �i�h�a�\�h�e�y�_�l �g�_ �l�h�e�v�d�h �w�n��
�n�_�d�l�b�\�g�h �b �g�_�^�h�j�h�]�h �h�k�m�s�_�k�l�\�b�l�v �w�l�h�l 
�w�l�Z�i �b�k�k�e�_�^�h�\�Z�g�b�y�� �g�h �b �Z�^�Z�i�l�b�j�h�\�Z�l�v �_�]�h 
�d �d�h�g�d�j�_�l�g�u�f �h�[�t�_�d�l�Z�f, �p�_�e�y�f �b �m�k�e�h��
�\�b�y�f �j�Z�[�h�l�u�� �G�b�`�_ �f�u �i�j�_�^�e�Z�]�Z�_�f �b�k��
�i�h�e�v�a�m�_�f�u�c �g�Z�f�b �i�j�h�l�h�d�h�e �[�b�k�m�e�v�n�b�l��
�g�h�c �d�h�g�\�_�j�k�b�b �>�G�D�� �d�h�l�h�j�u�c �i�h�d�Z�a�Z�e �\�u��
�k�h�d�m�x �w�n�n�_�d�l�b�\�g�h�k�l�v �b �g�b�a�d�m�x �k�_�[�_�k�l�h��
�b�f�h�k�l�v�� �\ �k�j�Z�\�g�_�g�b�b �k �b�k�i�h�e�v�a�h�\�Z�g�b�_�f 
�d�h�f�f�_�j�q�_�k�d�b�o �g�Z�[�h�j�h�\��  

�H�p�_�g�d�Z �d�Z�q�_�k�l�\�Z �i�h�e�m�q�_�g�g�h�]�h �i�j�_�i�Z��
�j�Z�l�Z�� �>�e�y �h�p�_�g�d�b �i�j�b�]�h�^�g�h�k�l�b �i�h�e�m�q�_�g��
�g�h�c �f�h�^�b�n�b�p�b�j�h�\�Z�g�g�h�c �>�G�D �^�e�y �^�Z�e�v��
�g�_�c�r�b�o �b�k�k�e�_�^�h�\�Z�g�b�c �m�^�h�[�g�h �b�k�i�h�e�v�a�h��
�\�Z�l�v �f�_�l�h�^ �w�e�_�d�l�j�h�n�h�j�_�a�Z �g�m�d�e�_�b�g�h�\�u�o 
�d�b�k�e�h�l �\ �Z�]�Z�j�h�a�g�h�f �]�_�e�_�� �>�e�y �\�b�a�m�Z�e�b�a�Z��
�p�b�b �g�m�d�e�_�b�g�h�\�h�c �d�b�k�e�h�l�u �i�j�b �i�j�b�]�h�l�h�\��
�e�_�g�b�b �\ �]�_�e�v �^�h�[�Z�\�e�y�_�l�k�y �[�j�h�f�b�k�l�u�c �w�l�b��
�^�b�c�� �<�Z�`�g�h �h�l�f�_�l�b�l�v�� �q�l�h �f�h�^�b�n�b�p�b�j�h��
�\�Z�g�g�Z�y �>�G�D �g�Z �w�e�_�d�l�j�h�n�h�j�_�]�j�Z�f�f�_ �[�m�^�_�l 
�b�f�_�l�v �f�_�g�v�r�b�c �j�Z�a�f�_�j �\ �k�j�Z�\�g�_�g�b�b �k �g�_��
�f�h�^�b�n�b�p�b�j�h�\�Z�g�g�h�c �>�G�D�� �I�j�b�k�m�l�k�l�\�b�_ �\ 
�i�h�e�m�q�_�g�g�h�f �i�j�_�i�Z�j�Z�l�_ �k�h�e�_�c �[�b�k�m�e�v�n�b�l�Z 
�b �k�i�b�j�l�h�\ �i�j�b�\�_�^�_�l �d �g�_�\�h�a�f�h�`�g�h�k�l�b �\�b��
�a�m�Z�e�b�a�Z�p�b�b �>�G�D�� �;�h�e�_�_ �l�h�]�h�� �i�j�b�k�m�l��
�k�l�\�b�_ �[�b�k�m�e�v�n�b�l�Z �\�u�a�u�\�Z�_�l �i�h�y�\�e�_�g�b�_ �g�Z 
�w�e�_�d�l�j�h�n�h�j�_�]�j�Z�f�f�_ �\ �M�N-�k�\�_�l�_ �a�_�e�_�g�h-
�]�h�e�m�[�h�]�h �i�y�l�g�Z��  

�F�Z�l�_�j�b�Z�e�u. ���F �\�h�^�g�u�c �j�Z�k�l�\�h�j NaOH 
���=�H�K�L 4328-77, �o�q�� �J�h�k�k�b�y�� ���k�\�_�`�_�i�j�b�]�h��
�l�h�\�e�_�g�g�u�c��. 200 �f�F  �]�b�^�j�h�o�b�g�h�g ���k�\�_�`�_��
�i�j�b�]�h�l�h�\�e�_�g�g�u�c��. �>�e�y �w�l�h�]�h �j�Z�k�l�\�h�j�y�e�b 
0.022 �] �]�b�^�j�h�o�b�g�h�g�Z (Sigma Aldrich, 
�K�R�:) �\ 1 �k�f3 �^�b�k�l�b�e�e�b�j�h�\�Z�g�g�h�c �\�h��̂u, 
�h�q�b�s�_�g�g�h�c �h�l �g�m�d�e�_�Z�a. 6.9 �F �j�Z�k�l�\�h�j �[�b��
�k�m�e�v�n�b�l�Z �g�Z�l�j�b�y (pH 5.0-5.3). �J�Z�k�l�\�h�j �[�b��
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�k�m�e�v�n�b�l�Z �g�Z�l�j�b�y �]�h�l�h�\�b�e�b �g�_�i�h�k�j�_�^��
�k�l�\�_�g�g�h �i�_�j�_�^ �j�Z�[�h�l�h�c�� �;�b�k�m�e�v�n�b�l 
�g�Z�l�j�b�y (Sigma Aldrich, �K�R�:) �j�Z�k�l�\�h�j�y�e�b 
�\ �g�_�[�h�e�v�r�h�f �h�[�t�_�f�_ �^�b�k�l�b�e�e�b�j�h�\�Z�g�g�h�c 
�\�h�^�u�� �h�q�b�s�_�g�g�h�c �h�l �g�m�d�e�_�Z�a�� �i�h�k�e�_ �q�_�]�h 
�i�j�h�\�_�j�y�e�b pH �j�Z�k�l�\�h�j�Z�� �I�j�b �g�_�h�[�o�h�^�b�f�h��
�k�l�b �a�g�Z�q�_�g�b�y pH �^�h�\�h�^�b�e�b �^�h 5.0-5.3 �k �i�h��
�f�h�s�v�x 3 �F NaOH. �G�Z 40 �i�j�h�[ �^�h�k�l�Z�l�h�q�g�h 
�[�u�e�h 1 �k�f3 �j�Z�k�l�\�h�j�Z �]�b�^�j�h�o�b�g�h�g�Z �b 12 �f�e 
�j�Z�k�l�\�h�j�Z �[�b�k�m�e�v�n�b�l�Z �g�Z�l�j�b�y�� �J�Z�k�l�\�h�j�u �g�_ 
�o�j�Z�g�y�l�k�y�� �b�o �g�_�h�[�o�h�^�b�f�h �]�h�l�h�\�b�l�v �g�_�i�h��
�k�j�_�^�k�l�\�_�g�g�h �i�_�j�_�^ �i�j�h�\�_�^�_�g�b�_�f �f�h�^�b�n�b��
�d�Z�p�b�b �>�G�D�� �I�j�h�l�_�b�g�Z�a�Z �D ���?�\�j�h�]�_�g�� �J�h�k��
�k�b�y��. �H�[�j�Z�[�h�l�d�Z �i�j�h�l�_�b�g�Z�a�h�c �D �h�k�m�s�_�k�l�\��
�e�y�e�Z�k�v �\ �k�h�h�l�\�_�l�k�l�\�b�b �k �j�_�d�h�f�_�g�^�Z�p�b�y�f�b 
�i�j�h�b�a�\�h�^�b�l�_�e�y�� �>�b�k�l�b�e�e�b�j�h�\�Z�g�g�Z�y �\�h�^�Z�� 
�h�q�b�s�_�g�g�Z�y �h�l �g�m�d�e�_�Z�a (dH2O) 80 �b 96% 
�w�l�Z�g�h�e. 10 �F �Z�p�_�l�Z�l �Z�f�f�h�g�b�y �b�e�b ���F �Z�p�_��
�l�Z�l �g�Z�l�j�b�y (HiMedia Laboratories, �B�g�^�b�y). 
�B�k�i�h�e�v�a�h�\�Z�g�b�_ �b �l�h�c�� �b �^�j�m�]�h�c �k�h�e�b �j�Z�\��
�g�h�\�_�j�h�y�l�g�h �b �g�_ �i�j�b�\�h�^�b�e�h �d �k�g�b�`�_�g�b�x 
�w�n�n�_�d�l�b�\�g�h�k�l�b�� �h�^�g�Z�d�h�� �k�e�_�^�m�_�l �m�q�_�k�l�v�� 
�q�l�h �k�h�e�b �Z�f�f�h�g�b�y �b �k�h�e�b �g�Z�l�j�b�y �g�_�h�[�o�h��
�^�b�f�u �\ �d�Z�q�_�k�l�\�_ �h�k�Z�^�b�l�_�e�y �>�G�D�� �I�j�_�^�i�h��
�q�l�b�l�_�e�v�g�h �b�k�i�h�e�v�a�h�\�Z�l�v �Z�p�_�l�Z�l �Z�f�f�h�g�b�y�� 
�l�Z�d �d�Z�d �k�h�e�b �Z�f�f�h�g�b�y �g�_ �b�g�]�b�[�b�j�m�x�l 
�I�P�J�� �\ �l�h �\�j�_�f�y �d�Z�d �Z�p�_�l�Z�l �g�Z�l�j�b�y �b�g�]�b��
�[�b�j�m�_�l �Z�d�l�b�\�g�h�k�l�v �>�G�D-�i�h�e�b�f�_�j�Z�a�u�� 
�i�j�_�i�y�l�k�l�\�m�y �Z�f�i�e�b�n�b�d�Z�p�b�b �\ �l�h�f �k�e�m�q�Z�_�� 
�_�k�e�b �h�l�f�u�\�d�Z �h�l �k�h�e�_�c �[�u�e�Z �h�k�m�s�_�k�l�\��
�e�_�g�Z �g�_�[�j�_�`�g�h�� �l�h �_�k�l�v �g�_ �\ �i�h�e�g�h�c �f�_�j�_�� 
�=�e�b�d�h�]�_�g (3 �f�]���k�f3) (Thermo scientific, 
Thermo FC, �K�R�:), �\�u�k�l�m�i�Z�e �\ �d�Z�q�_�k�l�\�_ 
�k�h-�h�k�Z�^�b�l�_�e�y �>�G�D. �K�h�j�[�_�g�l �g�Z �h�k�g�h�\�_ �^�b��
�h�d�k�b�^�Z �d�j�_�f�g�b�y. �F�Z�]�g�b�l�g�u�_ �k�h�j�[�_�g�l�u, �d 
�k�h�`�Z�e�_�g�b�x�� �g�_ �i�j�b�]�h�^�g�u �^�e�y �h�l�f�u�\�d�b 
�>�G�D �h�l �k�h�e�_�c �[�b�k�m�e�v�n�b�l�Z�� �< �d�Z�q�_�k�l�\�_ 
�k�h�j�[�_�g�l�Z �f�h�`�g�h �i�j�b�f�_�g�y�l�v �d�h�f�f�_�j�q�_��
�k�d�b�_ �g�Z�[�h�j�u�� �h�^�g�Z�d�h �f�u �i�j�_�^�e�Z�]�Z�_�f �b�k��
�i�h�e�v�a�h�\�Z�l�v �k�Z�f�h�k�l�h�y�l�_�e�v�g�h �i�j�b�]�h�l�h�\�e�_�g��
�g�u�c �k�h�j�[�_�g�l �d�Z�d �h�i�b�k�Z�g�h �g�Z�f�b [29]. 

�W�l�Z�i 1. �>�_�g�Z�l�m�j�Z�p�b�y. �D 2 �f�d�] �>�G�D �b�e�b 
1 �g�] �h�q�b�s�_�g�g�h�]�h �n�j�Z�]�f�_�g�l�Z �^�h�[�Z�\�e�y�e�b 
5.5 �f�d�e �k�\�_�`�_�i�j�b�]�h�l�h�\�e�_�g�g�h�]�h ���F NaOH, 
�i�h�k�e�_ �q�_�]�h �^�h�\�h�^�b�e�b dH2O �^�h 50 �f�d�e. �B�k��
�i�h�e�v�a�h�\�Z�g�b�_ �k�e�b�r�d�h�f �[�h�e�v�r�h�]�h �d�h�e�b�q�_��
�k�l�\�Z �>�G�D �f�h�`�_�l �i�j�b�\�_�k�l�b �d �g�_�i�h�e�g�h�f�m 
�^�_�a�Z�f�b�g�b�j�h�\�Z�g�b�x�� �B�g�d�m�[�b�j�h�\�Z�e�b 30 �f�b��

�g�m�l �i�j�b 37 °�K. �I�h�d�Z �r�e�Z �b�g�d�m�[�Z�p�b�y �]�h�l�h��
�\�b�e�b �j�Z�k�l�\�h�j�u �[�b�k�m�e�v�n�b�l�Z �g�Z�l�j�b�y �b �]�b�^��
�j�h�o�b�g�h�g�Z�� �i�h�k�e�_ �q�_�]�h �]�h�l�h�\�b�e�b �f�h�^�b�n�b��
�p�b�j�m�x�s�b�c �j�Z�k�l�\�h�j. �K�f�_�k�v �g�_�h�[�o�h�^�b�f�h 
�b�k�i�h�e�v�a�h�\�Z�l�v �k�j�Z�a�m �i�h�k�e�_ �g�Z�\�_�^�_�g�b�y�� �l�Z�d 
�d�Z�d �h�g�Z �g�_ �i�h�^�e�_�`�b�l �o�j�Z�g�_�g�b�x�� �>�Z�e�_�_ 
�i�j�b�\�_�^�_�g �i�j�b�f�_�j �i�j�b�]�h�l�h�\�e�_�g�b�y �f�h�^�b��
�n�b�p�b�j�m�x�s�_�]�h �j�Z�k�l�\�h�j�Z �g�Z 10 �i�j�h�[��  

�F�h�^�b�n�b�p�b�j�m�x�s�b�c �j�Z�k�l�\�h�j. �D 250 �f�d�e 
200 �f�F  �j�Z�k�l�\�h�j�Z �]�b�^�j�h�o�b�g�h�g�Z �^�h�[�Z�\�e�y�e�b 
3 �f�e �j�Z�k�l�\�h�j�Z �[�b�k�m�e�v�n�b�l�Z �g�Z�l�j�b�y�� �I�j�h�\�_��
�j�y�e�b, �q�l�h�[�u pH �j�Z�k�l�\�h�j�Z �k�h�k�l�Z�\�e�y�e 5.0-5.3. 
�>�h�\�h�^�b�e�b �f�h�^�b�n�b�p�b�j�m�x�s�m�x �k�f�_�k�v �^�h 10 
�f�e�� �D 50 �f�d�e �^�_�g�Z�l�m�j�b�j�h�\�Z�g�g�h�c �>�G�D �^�h��
�[�Z�\�e�y�e�b 30 �_�^�b�g�b�p �I�j�h�l�_�b�g�Z�a�u �D (�?�\�j�h��
�]�_�g�� �J�h�k�k�b�y�� �b �k�e�_�^�h�\�Z�e�b �i�j�h�l�h�d�h�e�m �i�j�h�b�a��
�\�h�^�b�l�_�e�y - �b�g�d�m�[�b�j�h�\�Z�e�b �k�g�Z�q�Z�e�Z 10 �f�b��
�g�m�l �i�j�b 55°�K, �i�h�k�e�_ 5 �f�b�g�m�l �i�j�b 65°�K�� 

�W�l�Z�i 2. �F�h�^�b�n�b�d�Z�p�b�y �>�G�D. �>�h�[�Z�\��
�e�y�e�b �d �i�j�h�[�Z�f�� �h�[�j�Z�[�h�l�Z�g�g�u�f �i�j�h�l�_�b�g�Z��
�a�h�c �D, 450 �f�d�e �f�h�^�b�n�b�p�b�j�m�x�s�_�]�h �j�Z�k��
�l�\�h�j�Z. �B�g�d�m�[�b�j�h�\�Z�e�b �h�[�j�Z�a�p�u �\ �Z�f �i�e�b��
�n�b�d�Z�l�h�j�_ Biometra Personal cycler 
(Biometra, �=�_�j�f�Z�g�b�y�� �k�h�]�e�Z�k�g�h �k�e�_�^�m�x��
�s�_�f�m �i�j�h�l�h�d�h�e�m�� 

  
�B�g�d�m�[�b�j�h�\�Z�e�b �h�[�j�Z�a�p�u �i�j�b 4 ° �K �\ �l�_��

�q�_�g�b�_ 5 �f�b�g�m�l�� �I�h�k�e�_ �i�j�h�\�_�^�_�g�b�y �w�l�h�c 
�k�l�Z�^�b�b �f�h�`�g�h �i�j�_�j�\�Z�l�v�k�y �b �a�Z�f�h�j�h�a�b�l�v 
�h�[�j�Z�a�p�u �g�Z �k�j�h�d �^�h 48 �q�Z�k�h�\�� 

�W�l�Z�i 3. �H�q�b�k�l�d�Z �f�h�^�b�n�b�p�b�j�h�\�Z�g�g�h�c 
�>�G�D �h�l �[�b�k�m�e�v�n�b�l�Z �g�Z�l�j�b�y �i�m�l�_�f �k�h�j�[��
�p�b�b �g�Z �f�_�e�d�h�^�b�k�i�_�j�k�g�h�f  �^�b�h�d�k�b�^�_ �d�j�_�f��
�g�b�y (SiO2). �D �f�h�^�b�n�b�p�b�j�h�\�Z�g�g�h�c �>�G�D�� 
�i�h�e�m�q�_�g�g�h�c �g�Z �i�j�_�^�u�^�m�s�_�f �w�l�Z�i�_, �^�h�[�Z�\��
�e�y�e�b 100 �f�d�e �f�_�e�d�h�^�b�k�i�_�j�k�g�h�]�h �^�b�h�d��
�k�b�^�Z �d�j�_�f�g�b�y�� �i�j�b�]�h�l�h�\�e�_�g�g�h�]�h �i�h �f�_�l�h��
�^�b�d�_�� �d�Z�d �h�i�b�k�Z�g�h �\ [29] �b �l�s�Z�l�_�e�v�g�h �b 
�h�k�l�h�j�h�`�g�h �i�_�j�_�f�_�r�b�\�Z�e�b �h�[�j�Z�a�p�u �\ �l�_��
�q�_�g�b�_ 3-5 �f�b�g�m�l. �G�Z �w�l�h�c �k�l�Z�^�b�b �i�j�h�b�k�o�h��
�^�b�e�h �g�_�i�h�k�j�_�^�k�l�\�_�g�g�Z �k�h�j�[�p�b�y �>�G�D �g�Z 
�d�j�_�f�g�b�_�\�u�c �g�h�k�b�l�_�e�v�� �Q�_�f �[�h�e�v�r�_ �j�Z�a��
�f�_�j �q�Z�k�l�b�p�� �l�_�f �[�h�e�v�r�_ �f�h�e�_�d�m�e �>�G�D 
�k�\�y�a�u�\�Z�e�h�k�v �k �k�h�j�[�_�g�l�h�f�� �<�Z�`�g�h �[�u�e�h �b�a��
�[�_�`�Z�l�v �l�j�y�k�d�b �i�j�h�[�b�j�h�d�� �d�h�l�h�j�Z�y �f�h�]�e�Z 
�i�j�b�\�_�k�l�b �d �i�h�\�j�_�`�^�_�g�b�y�f �f�h�e�_�d�m�e�u 
�>�G�D�� �>�h�[�Z�\�e�y�e�b 2.5 �h�[�t�_�f�Z 80% �w�l�Z�g�h�e�Z 
(�§ 1.3 �k�f3) �b �l�s�Z�l�_�e�v�g�h �i�_�j�_�f�_�r�b�\�Z�e�b. 
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�P�_�g�l�j�b�n�m�]�b�j�h�\�Z�e�b 5000 g �\ �l�_�q�_�g�b�_ 5-7 
�f�b�g�m�l �i�j�b �d�h�f�g�Z�l�g�h�c �l�_�f�i�_�j�Z�l�m�j�_. �G�Z�^�h��
�k�Z�^�h�d �m�^�Z�e�y�e�b, �Z �h�k�Z�^�h�d �i�j�h�f�u�\�Z�e�b 800 
�f�d�e 80% �w�l�Z�g�h�e�Z. �<�u�k�m�r�b�\�Z�e�b �k �h�l�d�j�u��
�l�h�c �d�j�u�r�d�h�c �\ �l�_�q�_�g�b�_ 5 �f�b�g�m�l �^�h �b�k�q�_�a��
�g�h�\�_�g�b�y �a�Z�i�Z�o�Z �w�l�Z�g�h�e�Z. �F�h�^�b�n�b�p�b�j�h��
�\�Z�g�g�m�x �>�G�D �^�_�k�h�j�[�b�j�h�\�Z�e�b �i�m�l�_�f �^�h��
�[�Z�\�e�_�g�b�y 300 �f�d�e �\�h�^�u�� �k�\�h�[�h�^�g�h�c �h�l 
�>�G�D�Z�a �b �i�_�j�_�g�h�k�b�e�b �g�Z�^�h�k�Z�^�h�d �\ �g�h�\�m�x 
�i�j�h�[�b�j�d�m��  

�W�l�Z�i 4. �>�_�k�m�e�v�n�h�g�b�j�h�\�Z�g�b�_.  �D �j�Z�k��
�l�\�h�j�m �^�h�[�Z�\�e�y�e�b 33 �f�d�e ���F NaOH. �L�s�Z��
�l�_�e�v�g�h �i�_�j�_�f�_�r�b�\�Z�e�b.  �K�f�_�k�v �b�g�d�m�[�b�j�h��
�\�Z�e�b 20 �f�b�g�m�l �i�j�b 37�h�K �\ �l�\�_�j�^�h�l�_�e�v�g�h�f 
�l�_�j�f�h�k�l�Z�l�_ (�>�G�D-�l�_�o�g�h�e�h�]�b�y�� �J�h�k�k�b�y��.  
�>�h�[�Z�\�e�y�e�b 6 �f�d�e �]�e�b�d�h�]�_�g�Z �b 105 �f�d�e 
�����F �Z�p�_�l�Z�l�Z �Z�f�f�h�g�b�y (pH 5.6) ���b�e�b 33 
�f�d�e ���F �Z�p�_�l�Z�l�Z �g�Z�l�j�b�y (pH 5.4)). �I�h�k�e�_ 
�q�_�]�h �d �j�Z�k�l�\�h�j�m �i�j�b�e�b�\�Z�e�b 1350 �f�d�e 80% 
�w�l�Z�g�h�e�Z ���i�j�b�f�_�j�g�h 3 �h�[�t�_�f�Z��.  �I�_�j�_�f�_�r�b��
�\�Z�e�b, �i�_�j�_�\�h�j�Z�q�b�\�Z�y �i�j�h�[�b�j�d�m �\ �l�_�q�_�g�b�_ 
1 �f�b�g�m�l�u, �b �b�g�d�m�[�b�j�h�\�Z�e�b �i�j�b -20�h�K �g�_ 
�f�_�g�_�_ 20 �f�b�g�m�l�� �H�[�u�q�g�h �^�e�y �h�k�Z�`�^�_�g�b�y 
�>�G�D 20-30 �f�b�g�m�l �i�j�b -20 �h�K �\�i�h�e�g�_ �^�h��
�k�l�Z�l�h�q�g�h�� �g�h �f�h�`�g�h �i�j�h�^�e�b�l�v �w�l�m �k�l�Z�^�b�x 
�g�Z �k�j�h�d �^�h 2 �b �[�h�e�_�_ �q�Z�k�h�\�� �P�_�g�l�j�b�n�m�]�b��
�j�h�\�Z�e�b �g�Z �p�_�g�l�j�b�n�m�]�_ Eppendorf 
Centrifuge 5804 R ( Eppendorf, �=�_�j�f�Z�g�b�y�� 
30 �f�b�g�m�l �i�j�b 13000 g �i�j�b �d�h�f�g�Z�l�g�h�c �l�_�f��
�i�_�j�Z�l�m�j�_.  �G�Z�^�h�k�Z�^�h�d �m�^�Z�e�y�e�b�� �Z �h�k�Z�^�h�d 
�^�\�Z�`�^�u �i�j�h�f�u�\�Z�e�b 80% �w�l�Z�g�h�e�h�f. �<�u�k�m��
�r�b�\�Z�e�b 5-7 �f�b�g�m�l �k �h�l�d�j�u�l�h�c �d�j�u�r�d�h�c. 
�J�Z�k�l�\�h�j�y�e�b �h�k�Z�`�^�_�g�g�m�x �b �i�j�h�f�u�l�m�x 
�>�G�D �\ 20-50 �f�d�e �\�h�^�u �b�e�b �L�?-�[�m�n�_�j�Z�� 

�< �k�e�m�q�Z�_�� �_�k�e�b �\ �i�j�h�[�b�j�d�_ �g�Z �k�l�Z�^�b�b 18 
�g�Z�[�e�x�^�Z�e�b �[�h�e�v�r�h�_ �d�h�e�b�q�_�k�l�\�h �[�_�e�h�]�h 
�h�k�Z�^�d�Z�� �^�h�^�_�e�u�\�Z�e�b �^�h �k�l�Z�^�b�b 21 �b �i�_�j�_��
�o�h�^�b�e�b �d 3 �w�l�Z�i�m�� �_�s�_ �j�Z�a �i�j�h�\�h�^�b�e�b 
�k�h�j�[�p�b�x �f�h�^�b�n�b�p�b�j�h�\�Z�g�g�h�c �>�G�D �g�Z �h�d��
�k�b�^ �d�j�_�f�g�b�y�� �I�j�b�k�m�l�k�l�\�b�_ �\ �h�[�j�Z�a�p�Z�o �k�h��
�e�_�c �[�b�k�m�e�v�n�b�l�Z �b �_�]�h �i�j�h�b�a�\�h�^�g�u�o �k�i�h��
�k�h�[�g�h �i�j�_�i�y�l�k�l�\�h�\�Z�l�v �\�b�a�m�Z�e�b�a�Z�p�b�b �f�h��
�^�b�n�b�p�b�j�h�\�Z�g�g�h�c �>�G�D �k �i�h�f�h�s�v�x �w�e�_�d��
�l�j�h�n�h�j�_�a�Z �\ 1% �Z�]�Z�j�h�a�g�h�f �]�_�e�_ �b �b�g�]�b�[�b��
�j�h�\�Z�l�v �I�P�J [30, 31].  

�L�j�Z�g�k�n�h�j�f�Z�p�b�y �>�G�D �[�b�k�m�e�v�n�b�l�h�f 
�g�Z�l�j�b�y �b�a�f�_�g�y�_�l �n�b�a�b�d�h-�o�b�f�b�q�_�k�d�b�_ 
�k�\�h�c�k�l�\�Z �^�\�m�p�_�i�h�q�_�q�g�h�c �f�h�e�_�d�m�e�u �>�G�D. 

�>�G�D �b�a �[�h�e�v�r�h�c �k�l�Z�[�b�e�v�g�h�c �^�\�m�o�p�_�i�h��
�q�_�q�g�h�c �f�h�e�_�d�m�e�u �d�h�g�\�_�j�l�b�j�m�_�l�k�y �\ �g�Z�[�h�j 
�h�^�g�h�p�_�i�h�q�_�q�g�u�o �n�j�Z�]�f�_�g�l�h�\�� �\ �d�h�l�h�j�u�o 
�\�k�_ �g�_�f�_�l�b�e�b�j�h�\�Z�g�g�u�_ �p�b�l�h�a�b�g�u �i�h�e�g�h��
�k�l�v�x �a�Z�f�_�g�_�g�u �g�Z �m�j�Z�p�b�e�� 

�D�h�g�p�_�g�l�j�Z�p�b�x �f�h�^�b�n�b�p�b�j�h�\�Z�g�g�h�c 
�>�G�D �h�i�j�_�^�_�e�y�e�b �k�i�_�d�l�j�h�n�h�l�h�f�_�l�j�b�q�_��
�k�d�b �k�i�_�d�l�j�h�n�h�l�h�f�_�l�j�b�q�_�k�d�b �g�Z �i�j�b�[�h�j�_ 
Evolution 260 Bio (Thermo Fisher 
Scientific, �K�R�:�� �\ 0.09%, �i�j�b �^�e�b�g�_ 
�\�h�e�g�u 260 �g�f: 1.0= 40 �f�d�]���f�e��  

�W�e�_�d�l�j�h�n�h�j�_�a �f�h�^�b�n�b�p�b�j�h�\�Z�g�g�h�c �\ 
1% �Z�]�Z�j�h�a�g�h�f �]�_�e�_. �D�Z�q�_�k�l�\�_�g�g�u�c �Z�g�Z�e�b�a 
�f�h�^�b�n�b�p�b�j�h�\�Z�g�g�h�c �>�G�D �h�k�m�s�_�k�l�\�e�y�e�b 
�i�m�l�z�f �i�j�h�\�_�^�_�g�b�y �w�e�_�d�l�j�h�n�h�j�_�a�Z �\ 1% 
�Z�]�Z�j�h�a�g�h�f �]�_�e�_ (Helicon, �J�h�k�k�b�y�� �k �^�h�[�Z�\��
�e�_�g�b�_�f �[�j�h�f�b�k�l�h�]�h �w�l�b�^�b�y (Sigma Al-
drich, �K�R�:�� �\ �d�Z�f�_�j�_ �^�e�y �]�h�j�b�a�h�g�l�Z�e�v��
�g�h�]�h �w�e�_�d�l�j�h�n�h�j�_�a�Z (Helicon, �J�h�k�k�b�y�� �k 
�b�k�i�h�e�v�a�h�\�Z�g�b�_�f �\ �d�Z�q�_�k�l�\�_ �b�k�l�h�q�g�b�d�Z 
�l�h�d�Z �i�j�b�[�h�j�Z �W�e�v�n- 4 ���>�G�D-�l�_�o�g�h�e�h�]�b�y�� 
�J�h�k�k�b�y��. �< �d�Z�q�_�k�l�\�_ �[�m�n�_�j�g�h�c �k�b�k�l�_�f�u 
�b�k�i�h�e�v�a�h�\�Z�e�b ���O �L�:�?-�[�m�n�_�j (pH 8.0). �< 
�h�^�g�m �e�m�g�d�m �]�_�e�y �\�g�h�k�b�e�b �i�h�j�y�^�d�Z 100 �g�] 
�f�h�^�b�n�b�p�b�j�h�\�Z�g�g�h�c �>�G�D�� �k�f�_�r�Z�g�g�h�c �k 
�a�Z�]�j�m�a�h�q�g�u�f �[�m�n�_�j�h�f Gel Loading Dye, 
Blue ���?�\�j�h�]�_�g�� �J�h�k�k�b�y����  

�>�e�y �\�b�a�m�Z�e�b�a�Z�p�b�b �i�h�e�h�k �>�G�D �g�Z �w�e�_�d��
�l�j�h�n�h�j�_�]�j�Z�f�f�_ �b�k�i�h�e�v�a�h�\�Z�e�b �l�j�Z�g�k�b�e��
�e�x�f�b�g�Z�l�h�j Serva Blue cube 300 (SERVA 
Electrophoresis GmbH, �=�_�j�f�Z�g�b�y�� �k �^�e�b��
�g�h�c �\�h�e�g�u 312 �g�f�� �G�Z �j�b�k�m�g�d�_ ���; �i�h�d�Z��
�a�Z�g�Z �l�b�i�b�q�g�Z�y �w�e�_�d�l�j�h�n�h�j�_�]�j�Z�f�f�Z �f�h�^�b��
�n�b�p�b�j�h�\�Z�g�g�h�c �i�h �i�j�_�^�k�l�Z�\�e�_�g�g�h�c �f�_�l�h��
�^�b�d�_ �>�G�D �\ 1% �Z�]�Z�j�h�a�g�h�f �]�_�e�_��  

�Q�Z�k�l�h�� �i�h�k�e�_ �w�e�_�d�l�j�h�n�h�j�_�a�Z �\ �]�_�e�_ �g�_ 
�\�b�a�m�Z�e�b�a�b�j�m�_�l�k�y �f�h�^�b�n�b�p�b�j�h�\�Z�g�g�Z�y 
�>�G�D�� �q�l�h �k�\�y�a�Z�g�h �k �l�_�f�� �q�l�h �f�h�e�_�d�m�e�Z �i�h��
�q�l�b �i�h�e�g�h�k�l�v�x �k�l�Z�g�h�\�b�l�k�y �h�^�g�h�p�_�i�h�q�_�q��
�g�h�c �b �k�m�s�_�k�l�\�_�g�g�h �^�_�]�j�Z�^�b�j�m�_�l�� �H�o�e�Z��
�`�^�_�g�b�_ �]�_�e�y �\ �l�_�q�_�g�b�_ 5-10 �f�b�g�m�l �g�Z �e�_��
�^�y�g�h�c �[�Z�g�_ �k�i�h�k�h�[�k�l�\�h�\�Z�e�h �k�i�Z�j�b�\�Z�g�b�x 
�h�k�g�h�\�Z�g�b�c �^�e�y �\�h�a�f�h�`�g�h�]�h �\�a�Z�b�f�h�^�_�c��
�k�l�\�b�y �k �[�j�h�f�b�k�l�u�f �w�l�b�^�b�_�f�� �F�h�^�b�n�b�p�b��
�j�h�\�Z�g�g�Z�y �>�G�D �g�Z �]�_�e�_ �\ �w�l�h�f �k�e�m�q�Z�_ �\�u��
�]�e�y�^�b�l �d�Z�d �r�f�_�j�u �i�h�j�y�^�d�Z 400-1800 �i���g�� 
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(�j�b�k��3�;). �I�h�y�\�e�_�g�b�_ �g�Z �w�e�_�d�l�j�h�n�h�j�_��
�]�j�Z�f�f�_ �a�_�e�_�g�u�o �i�y�l�_�g �m�d�Z�a�u�\�Z�_�l �g�Z �i�j�b��
�k�m�l�k�l�\�b�_ �\ �h�[�j�Z�a�p�Z�o �>�G�D �k�h�e�_�c �[�b�k�m�e�v��
�n�b�l�Z �b �_�]�h �i�j�h�b�a�\�h�^�g�u�o�� �i�j�b�\�h�^�y�s�b�o �d 
�g�_�\�h�a�f�h�`�g�h�k�l�b �k�\�y�a�u�\�Z�g�b�y �[�j�h�f�b�k�l�h�]�h 
�w�l�b�^�b�y �k �f�h�^�b�n�b�p�b�j�h�\�Z�g�g�h�c �>�G�D�� �Z 
�l�Z�d�`�_ �i�j�h�\�_�^�_�g�b�y �I�P�J��  

�A�Z�d�e�x�q�_�g�b�_ 

�L�Z�d�b�f �h�[�j�Z�a�h�f�� �i�j�_�^�k�l�Z�\�e�_�g�g�Z�y �\ �j�Z��
�[�h�l�_ �f�_�l�h�^�b�d�Z �i�h�a�\�h�e�y�_�l �i�j�h�\�_�k�l�b �f�h�^�b��
�n�b�d�Z�p�b�x �>�G�D�� �i�h�e�m�q�_�g�g�m�x �b�a �w�m�d�Z�j�b�h��
�l�b�q�_�k�d�b�o �d�e�_�l�h�d. �I�j�_�b�f�m�s�_�k�l�\�h�f �^�Z�g��
�g�h�]�h �f�_�l�h�^�Z �y�\�e�y�_�l�k�y �_�]�h �h�l�g�h�k�b�l�_�e�v�g�Z�y 
�i�j�h�k�l�h�l�Z�� �d�h�l�h�j�Z�y �g�_ �l�j�_�[�m�_�l �k�i�_�p�b�Z�e�v��
�g�h�]�h �^�h�j�h�]�h�k�l�h�y�s�_�]�h �h�[�h�j�m�^�h�\�Z�g�b�y �b �j�_��
�Z�d�l�b�\�h�\�� �D�h�g�\�_�j�k�b�y �>�G�D�� �i�h �f�_�l�h�^�b�d�_�� 
�i�j�_�^�k�l�Z�\�e�_�g�g�h�c �\ �k�l�Z�l�v�_�� �i�h�a�\�h�e�y�_�l �i�h�e�m��
�q�b�l�v �>�G�D �k�h �k�l�_�i�_�g�v�x �d�h�g�\�_�j�k�b�b �i�h��
�j�y�^�d�Z 96-98%. �I�h�l�_�j�b �>�G�D �\ �o�h�^�_ �f�h�^�b��
�n�b�d�Z�p�b�b �k�h�k�l�Z�\�e�y�x�l �i�h�j�y�^�d�Z 33-41%, �q�l�h 
�\ �p�_�e�h�f �^�e�y �^�Z�g�g�h�]�h �f�_�l�h�^�Z �y�\�e�y�_�l�k�y �o�h��

�j�h�r�b�f �j�_�a�m�e�v�l�Z�l�h�f�� �<�Z�`�g�u�f �w�l�Z�i�h�f �^�Z�g��
�g�h�]�h �f�_�l�h�^�Z �y�\�e�y�_�l�k�y �k�h�j�[�p�b�y �f�h�^�b�n�b�p�b��
�j�h�\�Z�g�g�h�c �>�G�D �g�Z �f�_�e�d�h�^�b�k�i�_�j�k�g�u�c �h�d��
�k�b�^ �d�j�_�f�g�b�y�� �q�l�h �i�h�a�\�h�e�y�_�l �b�a�[�_�`�Z�l�v �a�Z��
�]�j�y�a�g�_�g�b�y �p�_�e�_�\�h�]�h �i�j�h�^�m�d�l�Z �k�h�e�y�f�b �[�b��
�k�m�e�v�n�b�l�Z�� �d�h�l�h�j�u�_ �f�h�]�m�l �i�j�_�i�y�l�k�l�\�h�\�Z�l�v 
�^�Z�e�v�g�_�c�r�b�f �b�k�k�e�_�^�h�\�Z�g�b�y�f�� �I�j�h�\�_�^�_�g�b�_ 
�j�m�l�b�g�g�h�]�h �w�e�_�d�l�j�h�n�h�j�_�a�Z �>�G�D �\ 1% �Z�]�Z��
�j�h�a�g�h�f �]�_�e�_ �i�h�a�\�h�e�y�_�l �d�Z�q�_�k�l�\�_�g�g�h �h�p�_��
�g�b�l�v �q�b�k�l�h�l�m �i�h�e�m�q�_�g�g�h�]�h �i�j�_�i�Z�j�Z�l�Z �h�l 
�f�h�^�b�n�b�p�b�j�m�x�s�_�]�h �Z�]�_�g�l�Z�� �;�h�e�_�_ �l�h�]�h�� 
�g�_�\�u�k�h�d�Z�y �k�_�[�_�k�l�h�b�f�h�k�l�v �b�k�i�h�e�v�a�m�_�f�u�o 
�j�_�Z�d�l�b�\�h�\ �i�h�a�\�h�e�y�_�l �d�h�g�\�_�j�l�b�j�h�\�Z�l�v 
�>�G�D �\ �a�g�Z�q�b�l�_�e�v�g�u�o �h�[�t�_�f�Z�o�� �Z�g�Z�e�b�a�b��
�j�m�y �\ �^�Z�e�v�g�_�c�r�_�f �[�h�e�v�r�h�_ �d�h�e�b�q�_�k�l�\�h 
�h�[�j�Z�a�p�h�\��  

�D�h�g�n�e�b�d�l �b�g�l�_�j�_�k�h�\ 

�: �\�l�h�j�u �a�Z�y�\�e�y�x�l�� �q�l�h �m �g�b�o �g�_�l �b�a��
�\�_�k�l�g�u�o �n�b�g�Z�g�k�h�\�u�o �d�h�g�n�e�b�d�l�h�\ �b�g�l�_�j�_��
�k�h�\ �b�e�b �e�b�q�g�u�o �h�l�g�h�r�_�g�b�c�� �d�h�l�h�j�u�_ 
�f�h�]�e�b �[�u �i�h�\�e�b�y�l�v �g�Z �j�Z�[�h�l�m�� �i�j�_�^�k�l�Z�\��
�e�_�g�g�m�x �\ �w�l�h�c �k�l�Z�l�v�_�� 
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Abstract. Neuromuscular diseases associated with genetic and mitochondrial impairments require high-quality 
DNA extraction from muscle tissue for subsequent molecular genetic analysis. This study presents a compar-
ative evaluation of total DNA extraction methods from mouse skeletal muscle, including precipitation, silica 
membrane adsorption, bulk sorbents, and magnetic particles. The results demonstrated that although precipi-
tation yielded the highest total DNA amount, the proportion of mitochondrial DNA (mtDNA) in these samples 
was minimal due to non-selective co-precipitation of degraded nuclear DNA fragments. In contrast, column-
based adsorption and magnetic particle methods provided significantly higher mtDNA content (4.5-fold in-
crease) and better preservation of mitochondrial genome integrity. Bulk sorbents showed the highest level of 
mtDNA damage, likely due to mechanical fragmentation and suboptimal elution conditions. Quantitative real-
time PCR with SYBR Green proved to be the most effective method for assessing mtDNA integrity, enabling 
precise detection of even minor lesions, unlike qualitative approaches. Notably, SYBR Green did not inhibit 
amplification of ~2 kbp fragments, confirming its suitability for mtDNA analysis. The highest vulnerability to 
damage was observed in the mtDNA D-loop region, a key regulatory site, which is particularly relevant for 
studying mitochondrial dysfunction in muscle tissue. Thus, column-based or magnetic particle sorption meth-
ods combined with quantitative PCR are optimal for mtDNA studies, ensuring high sensitivity and reliability 
of results. 
Keywords: DNA extraction, sorbents, silicon dioxide, magnetic particles, mitochondrial DNA, fragmentation, 
muscle tissue 
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�e�b�a�Z�� �b�k�i�h�e�v�a�h�\�Z�e�b�� �Z�f�i�e�b�n�b�d�Z�l�h�j��
CFX96TM Real-Time System (Bio-Rad, 
�K�R�:�����Z���l�Z�d�`�_���^�\�Z���j�Z�a�g�u�o���g�Z�[�h�j�Z���^�e�y���i�j�h��
�\�_�^�_�g�b�y�� �I�P�J�� ���;�� �T�3�&�5�P�L�[-�+�6�� �b�� ���;��
qPCRmix-�+�6���6�<�%�5�����h�[�Z���?�\�j�h�]�_�g�����J�h�k�k�b�y����  

�H�i�l�b�f�b�a�b�j�h�\�Z�g�g�u�c���i�j�h�l�h�d�h�e���I�P�J���k�h��
�k�l�h�y�e�� �b�a�� �k�e�_�^�m�x�s�b�o�� �w�l�Z�i�h�\���� �g�Z�q�Z�e�v�g�Z�y��
�^�_�g�Z�l�m�j�Z�p�b�y���i�j�b�������ƒ�&���\���l�_�q�_�g�b�_�������f�b�g�m�l����
�a�Z�l�_�f�� ������ �p�b�d�e�h�\���� �d�Z�`�^�u�c�� �b�a�� �d�h�l�h�j�u�o��
�\�d�e�x�q�Z�e���^�_�g�Z�l�m�j�Z�p�b�x���������ƒ�&���������� �k�_�d�m�g�^������
�h�l�`�b�]���i�j�Z�c�f�_�j�h�\���������ƒ�&���������f�b�g�m�l�u���������k�_��
�d�m�g�^�����b���w�e�h�g�]�Z�p�b�x���������ƒ�&�����������k�_�d�m�g�^����  

�H�[�k�m�`�^�_�g�b�_���j�_�a�m�e�v�l�Z�l�h�\ 

�G�Z�b�[�h�e�v�r�b�c�� �\�u�o�h�^�� �l�h�l�Z�e�v�g�h�c�� �>�G�D��
�������� �g�]���f�d�e���� �g�Z�[�e�x�^�Z�e�k�y�� �\�� �i�j�h�[�Z�o���� �\�u�^�_��
�e�_�g�g�u�o���f�_�l�h�^�h�f���i�j�_�p�b�i�b�l�Z�p�b�b���k���b�k�i�h�e�v��
�a�h�\�Z�g�b�_���g�Z�[�h�j�Z���J�B�;�H-�i�j�_�i�����I�j�b���\�u�^�_�e�_��
�g�b�b�� �>�G�D�� �k�� �b�k�i�h�e�v�a�h�\�Z�g�b�_�� �k�h�j�[�_�g�l�h�\�� �b��
�f�Z�]�g�b�l�g�u�o�� �q�Z�k�l�b�p�� �d�h�g�p�_�g�l�j�Z�p�b�y�� �>�G�D��
�[�u�e�Z���i�j�b�f�_�j�g�h���\���l�j�b���j�Z�a�Z���g�b�`�_���\���^�b�Z�i�Z��
�a�h�g�_���h�l����.�������^�h����.�������g�]���f�d�e�����j�b�k�������Z�������H�^��
�g�Z�d�h���g�_�k�f�h�l�j�y���g�Z���l�j�_�o�d�j�Z�l�g�h�_���i�j�_�\�h�k�o�h�^��
�k�l�\�h���i�h���h�[�s�_�f�m���\�u�o�h�^�m���>�G�D���i�j�b���b�k�i�h�e�v��
�a�h�\�Z�g�b�b�� �f�_�l�h�^�h�\�� �i�j�_�p�b�i�b�l�Z�p�b�b���� �^�h�e�y��
�f�l�>�G�D���\�� �w�l�b�o���h�[�j�Z�a�p�Z�o���h�d�Z�a�u�\�Z�_�l�k�y���f�b��
�g�b�f�Z�e�v�g�h�c���� �G�Z�i�j�h�l�b�\���� �i�j�b�� �\�u�^�_�e�_�g�b�b�� �k 
�i�h�f�h�s�v�x�� �k�h�j�[�p�b�h�g�g�u�o�� �d�h�e�h�g�h�d�� �g�Z�[�e�x��
�^�Z�_�l�k�y���f�Z�d�k�b�f�Z�e�v�g�h�_���k�h�^�_�j�`�Z�g�b�_���f�l�>�G�D��
���i�j�b�f�_�j�g�h���\����.�����j�Z�a�Z���\�u�r�_���i�h���k�j�Z�\�g�_�g�b�x��
�k���i�j�_�p�b�i�b�l�Z�p�b�_�c�������j�b�k�������;�������<�_�j�h�y�l�g�h�����w�l�h��
�f�h�`�_�l���h�[�t�y�k�g�y�l�v�k�y���g�_�k�_�e�_�d�l�b�\�g�h�c���i�j�b�j�h��
�^�h�c�� �h�k�Z�`�^�_�g�b�y���� �i�j�b�� �d�h�l�h�j�h�f�� �\�� �i�j�_�i�Z�j�Z�l��
�i�h�i�Z�^�Z�x�l�� �\�k�_���j�Z�k�l�\�h�j�b�f�u�_���g�m�d�e�_�b�g�h�\�u�_��
�d�h�f�i�h�g�_�g�l�u���� �\�d�e�x�q�Z�y�� �f�g�h�]�h�q�b�k�e�_�g�g�u�_��
�^�_�]�j�Z�^�b�j�h�\�Z�\�r�b�_�� �n�j�Z�]�f�_�g�l�u�� �y�^�_�j�g�h�c��
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�>�G�D���� �d�h�l�h�j�u�_�� �g�Z�� �w�e�_�d�l�j�h�n�h�j�_�a�_�� �\�u�]�e�y��
�^�y�l���\���\�b�^�_���r�f�_�j�h�\�����l�h�]�^�Z���d�Z�d���i�j�b���\�u�^�_�e�_��
�g�b�b�� �>�G�D�� �k�� �b�k�i�h�e�v�a�h�\�Z�g�b�_�f�� �k�h�j�[�_�g�l�h�\��
�b�e�b���f�Z�]�g�b�l�g�u�o���q�Z�k�l�b�p���� �l�Z�d�b�_���r�f�_�j�u���h�l��
�k�m�l�k�l�\�m�x�l�� ���j�b�k���� ��B������ �W�l�b�� �^�Z�g�g�u�_�� �h�l�j�Z��
�`�Z�x�l���n�m�g�^�Z�f�_�g�l�Z�e�v�g�u�_���j�Z�a�e�b�q�b�y���\���f�_�o�Z��
�g�b�a�f�Z�o�� �\�u�^�_�e�_�g�b�y���� �g�_�k�i�_�p�b�n�b�q�_�k�d�Z�y�� �Z�]��
�j�_�]�Z�p�b�y�� �i�j�b�� �i�j�_�p�b�i�b�l�Z�p�b�b�� �b�� �g�Z�i�j�Z�\�e�_�g��
�g�Z�y���k�h�j�[�p�b�y���g�Z���n�m�g�d�p�b�h�g�Z�e�b�a�b�j�h�\�Z�g�g�u�o��
�i�h�\�_�j�o�g�h�k�l�y�o���� �q�l�h�� �b�f�_�_�l�� �d�j�b�l�b�q�_�k�d�h�_��
�a�g�Z�q�_�g�b�_�� �^�e�y�� �b�k�k�e�_�^�h�\�Z�g�b�c���� �l�j�_�[�m�x�s�b�o��
�Z�g�Z�e�b�a�Z���f�b�l�h�o�h�g�^�j�b�Z�e�v�g�h�]�h���]�_�g�h�f�Z���� 

�F�_�l�h�^�� �^�e�b�g�g�h�p�_�i�h�q�_�q�g�h�c�� �I�P�J�� �i�j�_�^��
�k�l�Z�\�e�y�_�l�� �k�h�[�h�c�� �\�u�k�h�d�h�q�m�\�k�l�\�b�l�_�e�v�g�u�c��
�i�h�^�o�h�^�� �^�e�y�� �^�_�l�_�d�p�b�b�� �i�h�\�j�_�`�^�_�g�b�c��
�f�l�>�G�D���� �h�[�e�Z�^�Z�x�s�b�c�� �a�g�Z�q�b�l�_�e�v�g�u�f�� �i�h��
�l�_�g�p�b�Z�e�h�f�� �^�e�y�� �i�j�b�f�_�g�_�g�b�y�� �\�� �j�Z�a�e�b�q�g�u�o��

�h�[�e�Z�k�l�y�o���� �\�d�e�x�q�Z�y�� �[�b�h�f�_�^�b�p�b�g�k�d�b�_�� �b�k��
�k�e�_�^�h�\�Z�g�b�y�� �b�� �[�b�h�w�d�h�e�h�]�b�q�_�k�d�b�c�� �f�h�g�b�l�h��
�j�b�g�]�� �>���@���� �?�]�h�� �h�k�h�[�Z�y�� �p�_�g�g�h�k�l�v�� �a�Z�d�e�x�q�Z��
�_�l�k�y�� �\�� �k�i�h�k�h�[�g�h�k�l�b�� �\�u�y�\�e�y�l�v�� �r�b�j�h�d�b�c��
�k�i�_�d�l�j�� �i�h�\�j�_�`�^�_�g�b�c���± �h�l�� �h�^�g�h�g�b�l�_�\�u�o��
�j�Z�a�j�u�\�h�\���^�h���h�[�t�_�f�g�u�o���o�b�f�b�q�_�k�d�b�o���f�h�^�b��
�n�b�d�Z�p�b�c���� �q�l�h�� �^�_�e�Z�_�l�� �_�]�h�� �g�_�a�Z�f�_�g�b�f�u�f��
�b�g�k�l�j�m�f�_�g�l�h�f�� �i�j�b�� �b�a�m�q�_�g�b�b�� �i�Z�l�h�]�_�g�_�a�Z��
�g�_�c�j�h�^�_�]�_�g�_�j�Z�l�b�\�g�u�o�� �a�Z�[�h�e�_�\�Z�g�b�c�� �>���@����
�i�j�h�p�_�k�k�h�\�� �k�l�Z�j�_�g�b�y�� �>�����@�� �b�� �\�h�a�^�_�c�k�l�\�b�y��
�w�d�h�l�h�d�k�b�d�Z�g�l�h�\�� �>�����@���� �H�^�g�Z�d�h���� �g�_�k�f�h�l�j�y��
�g�Z���Z�d�l�b�\�g�h�_���b�k�i�h�e�v�a�h�\�Z�g�b�_���^�Z�g�g�h�c���f�_�l�h��
�^�b�d�b���i�j�b���b�k�k�e�_�^�h�\�Z�g�b�b���l�Z�d�b�o���l�d�Z�g�_�c���d�Z�d��
�f�h�a�]�� �b�� �i�_�q�_�g�v���� �k�d�_�e�_�l�g�u�_�� �f�u�r�p�u�� �h�k�l�Z��
�x�l�k�y�� �g�_�^�h�k�l�Z�l�h�q�g�h�� �b�a�m�q�_�g�g�u�f�b�� �\�� �w�l�h�f��
�Z�k�i�_�d�l�_���� �q�l�h�� �k�h�a�^�Z�_�l�� �k�m�s�_�k�l�\�_�g�g�u�c�� �i�j�h��
�[�_�e���\���i�h�g�b�f�Z�g�b�b���f�b�l�h�o�h�g�^�j�b�Z�e�v�g�h�c���^�b�k��
�n�m�g�d�p�b�b���i�j�b���f�u�r�_�q�g�u�o���i�Z�l�h�e�h�]�b�y�o�� 

 
�J�b�k.�������<�e�b�y�g�b�_���j�Z�a�e�b�q�g�u�o���f�_�l�h�^�h�\���\�u�^�_�e�_�g�b�y���l�h�l�Z�e�v�g�h�c���>�G�D���b�a���k�d�_�e�_�l�g�u�o���f�u�r�p���f�u��

�r�_�c���g�Z���k�h�^�_�j�`�Z�g�b�_���l�h�l�Z�e�v�g�h�c���>�G�D�����:�������^�h�e�x���f�l�>�G�D���h�l�g�h�k�b�l�_�e�v�g�h���l�h�l�Z�e�v�g�h�c���>�G�D�����;������
�W�e�_�d�l�j�h�n�h�j�_�]�j�Z�f�f�Z���l�h�l�Z�e�v�g�h�c���>�G�D�����\�u�^�_�e�_�g�g�h�c���b�a���k�d�_�e�_�l�g�u�o���f�u�r�p���f�u�r�_�c�����<�����������± �f�Z�j��
�d�_�j�u���^�e�b�g�u���>�G�D���������± �>�G�D �\�u�^�_�e�_�g�g�Z�y���g�Z�[�h�j�h�f���J�B�;�H-�i�j�_�i���������± �>�G�D���\�u�^�_�e�_�g�g�Z�y���g�Z�[�h�j�h�f��
�I�J�H�;�:-�=�K���������± �>�G�D���\�u�^�_�e�_�g�g�Z�y���g�Z�[�h�j�h�f���>�G�D-�K�h�j�[-�<���������± �>�G�D���\�u�^�_�e�_�g�g�Z�y���g�Z�[�h�j�h�f��dia-

Gene, 6 �± �>�G�D���\�u�^�_�e�_�g�g�Z�y���g�Z�[�h�j�h�f���F�Z�]�g�h�I�j�Z�c�f���N�:�K�L�� 
Fig. 1. The effect of various methods of extracting total DNA from skeletal muscles of mice 

on the content of total DNA (A), the proportion of mtDNA relative to total DNA (B). Electropho-
rogram of total DNA isolated from skeletal muscles of mice (C). 1 �± DNA length markers, 2 �± 

DNA isolated using RIBOSEprep, 3 �± DNA isolated with a set of PROBA-GS, 4 �± DNA isolated 
with a set of DNA-Sorb-B, 5 �± DNA isolated with a set of diaGene, 6 �± DNA isolated with a set 

of MagnoPrime FAST. 
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�<�� �j�Z�f�d�Z�o�� �^�Z�g�g�h�]�h�� �b�k�k�e�_�^�h�\�Z�g�b�y�� �[�u�e�Z��
�i�j�h�\�_�^�_�g�Z���k�j�Z�\�g�b�l�_�e�v�g�Z�y���h�p�_�g�d�Z���\�e�b�y�g�b�y��
�j�Z�a�e�b�q�g�u�o�� �f�_�l�h�^�h�\�� �\�u�^�_�e�_�g�b�y�� �>�G�D�� �g�Z��
�k�l�_�i�_�g�v�� �i�h�\�j�_�`�^�_�g�b�y�� �f�b�l�h�o�h�g�^�j�b�Z�e�v��
�g�h�]�h���]�_�g�h�f�Z���\���f�u�r�_�q�g�h�c���l�d�Z�g�b�����I�h�e�m�q�_�g��
�g�u�_�� �j�_�a�m�e�v�l�Z�l�u�� �^�_�f�h�g�k�l�j�b�j�m�x�l���� �q�l�h���f�b��
�g�b�f�Z�e�v�g�u�c���m�j�h�\�_�g�v���i�h�\�j�_�`�^�_�g�b�c�������“��.15 
�i�h�\�j�_�`�^�_�g�b�c�����������l���i���g�������g�Z�[�e�x�^�Z�_�l�k�y���i�j�b��
�b�k�i�h�e�v�a�h�\�Z�g�b�b�� �f�_�l�h�^�h�\�� �i�j�_�p�b�i�b�l�Z�p�b�b��
���j�b�k���� ���Z������ �q�l�h�� �f�h�`�_�l�� �[�u�l�v�� �h�[�t�y�k�g�_�g�h�� �h�l��
�k�m�l�k�l�\�b�_�f�� �w�l�Z�i�Z�� �k�h�j�[�p�b�b���� �d�h�l�h�j�u�c���� �d�Z�d��
�i�h�d�Z�a�Z�g�h�� �[�u�e�h�� �j�Z�g�_�_���� �i�h�l�_�g�p�b�Z�e�v�g�h�� �f�h��
�`�_�l�� �h�d�Z�a�u�\�Z�l�v�� �\�h�a�^�_�c�k�l�\�b�_�� �g�Z�� �k�l�j�m�d�l�m�j�m��
�^�\�h�c�g�h�c���k�i�b�j�Z�e�b���>�����@�����I�j�b���w�l�h�f �f�_�l�h�^�u����
�h�k�g�h�\�Z�g�g�u�_���g�Z���b�k�i�h�e�v�a�h�\�Z�g�b�b���f�Z�]�g�b�l�g�u�o��
�q�Z�k�l�b�p���b���k�h�j�[�p�b�b���g�Z���d�h�e�h�g�d�Z�o�����l�Z�d�`�_���i�h��
�d�Z�a�Z�e�b�� �m�^�h�\�e�_�l�\�h�j�b�l�_�e�v�g�u�_�� �j�_�a�m�e�v�l�Z�l�u��
�i�h�� �k�h�o�j�Z�g�g�h�k�l�b�� �f�l�>�G�D���� �D�h�e�b�q�_�k�l�\�h�� �i�h��
�\�j�_�`�^�_�g�b�c�� �k�h�k�l�Z�\�e�y�e�h�� ��.28±0.������ �b��
1.84±0.�������i�h�\�j�_�`�^�_�g�b�c���g�Z �������l���i���g�������k�h�h�l��
�\�_�l�k�l�\�_�g�g�h���� �G�Z�i�j�h�l�b�\���� �d�h�f�f�_�j�q�_�k�d�b�_��
�g�Z�[�h�j�u���� �i�j�_�^�i�h�e�Z�]�Z�x�s�b�_�� �^�h�[�Z�\�e�_�g�b�_��
�k�h�j�[�_�g�l�Z�� �g�_�i�h�k�j�_�^�k�l�\�_�g�g�h�� �\�� �i�j�h�[�b�j�d�m����
�i�j�h�^�_�f�h�g�k�l�j�b�j�h�\�Z�e�b�� �g�Z�b�[�h�e�v�r�b�c�� �m�j�h��
�\�_�g�v���i�h�\�j�_�`�^�_�g�b�c���± 2.61±0.�������i�h�\�j�_�`�^�_��
�g�b�c�� �g�Z�� ������ �l���i���g���� �i�j�b�� �\�u�^�_�e�_�g�b�b�� �g�Z�[�h�j�h�f��
�I�J�H�;�:-�=�K�� �b�� ��.10±0.������ �i�h�\�j�_�`�^�_�g�b�c�� �g�Z��
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Fig. 2. The effect of the DNA extraction kit on the number of mtDNA damages in each of 
the six amplified fragments (A), on the average number of damages in the entire mtDNA (B). 
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Fig. 3. Values of the coefficient of variation of the amount of damage in each of the six am-
plified fragments (A). A treble graph for determining the amount of damage using different PCR 

methods (B). 
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