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Abstract
Objectives: The aim of the work was to study the influence of surfactants on the release and solubility of chloronitrophenol 
(CNP) from solid dispersions in water. The object of study was a solid dispersion of chloronitrophenol with PEG 1500.
Experimental: The concentration of the pharmaceutical substance in solutions was determined spectrophotometrically at 
a wavelength of 410 nm. The study of the solubility and dissolution rate of pharmaceutical substances (PS) in the form of 
powder and in the composition of solid dispersed systems (SDS) was carried out according to the method proposed by 
I. I. Krasnyuk. The study of the optical properties of solutions of the initial compounds and solid dispersions was carried 
out using the method described in the study of V. V. Grikh. IR spectroscopy, differential scanning calorimetry, and electron 
microscopy were used for investigation of SDS.
Conclusions: The influence of solubilizers on the process of formation of solid dispersions of chloronitrophenol was studied. 
It has been shown that the presence of solubilizers allows the use of lower concentrations for the carrier when obtaining 
solid dispersed systems of chloronitrophenol. The conducted complex of physicochemical methods of analysis allows us 
to more accurately explain the phenomenon of increasing the solubility and dissolution rate of PS from solid dispersions 
in the presence of a solubilizer. Based on the conducted studies, it can be concluded that the production of solid dispersions 
based on a carrier polymer in the presence of a solubilizer allows to reduce or completely eliminate the crystallinity of the 
pharmaceutical substance, converting it into an amorphous state. The presence of the phenomenon of light scattering and 
the opalescent Faraday-Tyndall cone in solutions containing solid dispersions of CNP confirmed the assumption about a 
colloidal-dispersed state of the pharmaceutical substance in water when dissolving CNP from solid dispersions. 
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1. Introduction 
Chloronitrophenol (CNP) is a medicinal 

substance used to treat fungal skin diseases, as 
well as mycosis of the external auditory canal. In 
high concentrations, CNP exhibits activity against 
gram-positive and gram-negative bacteria of the 
genera Proteus and Pseudomonas [1].

Due to its poor solubility in water, CNP 
exists on the pharmaceutical market as only one 
dosage form: an alcohol solution for external 
use. However, this dosage form has significant 
disadvantages.

To solve the problem of solubility of substances 
such as chloronitrophenol, a method for obtaining 
solid dispersions can be used. The method is easy 
to implement, economical, and versatile. It is 
used in the production of dosage forms for both 
internal and external use [2-13]. 

Another way to increase solubility is solubi-
lization, a process of spontaneous transition of 
compounds that are insoluble or difficult to dis-
solve in a given solvent into a stable solution us-
ing surfactants. Sodium lauryl sulfate, alginates, 
proteins, lecithins, esters formed by fatty acids, 
and various glycols are effective surfactants [14].

Therefore, the purpose of our study was to 
study the influence of surfactants on the release 
and solubility of chloronitrophenol from solid 
dispersions (SD) in water. 

2. Experimental 
The object of study was a solid dispersion 

of  ch loroni t rophenol  wi th  PEG 1500. 
Chloronitrophenol and PEG from Sigma, as well 
as sodium lauryl sulfate as a solubilizer, were used 
in the experiment. To prepare solid dispersions 
of chloronitrophenol with polymers, the solvent 
removal method was used [15].

The concentration of PS in solutions 
was determined spectrophotometrically at a 
wavelength of 410 nm [16]. 

The study of the solubility and dissolution 
rate of pharmaceutical substances in powder 
form and as part of solid dispersed systems was 
carried out according to the method proposed by 
I. I. Krasnyuk Jr. [17].

The study of the optical properties of solutions 
of the initial compounds and solid dispersions 
was carried out using the method described in 
the study of V. V. Grikh [18].

IR spectroscopy was performed in the Centre 
for Collective Use of Scientific Equipment of 
Voronezh State University using a VERTEX 70 IR 
Fourier spectrometer with the unit for measuring 
the absorption/transmission of thin-film samples 
(BRUKER).

Differential scanning calorimetry was carried 
out using an STA 449 F3 synchronous thermal 
analysis device (NETZSCH, Germany) in the 
Centre for Collective Use “Experiential Center” 
of Voronezh State University of Engineering 
Technologies. The studies were conducted under 
the following conditions: atmospheric pressure, 
maximum temperature of 473 K, temperature 
change rate of 5 K/min.

Analysis of the morphology and size of the 
obtained samples of solid dispersed systems 
(SDS) was performed using a JEOL JSM-6380LV 
scanning electron microscope (JEOL Ltd., Japan) 
in the Centre for Collective Use of Scientific 
Equipment of Voronezh State University.

3. Results and discussion 
During the first stage of the study, the solubility 

of solid dispersions of chloronitrophenol with 
PEG 1500 was studied. The results are presented 
in Fig. 1.

Obtaining SD in the ratio of 1:1, 1:2, and 
1:5 did not lead to an increase in the solubility 
of chloronitrophenol. Experimental data 
demonstrated that in the presence of PEG-1500 
in a ratio of 1:15 and 1:20, the concentration of 
released chloronitrophenol was maximal. SDS 
with a ratio of 1:10 also showed good results in 
solubility. 

In SD prepared using sodium lauryl sulfate, 
the solubility of chloronitrophenol was higher. 
As can be seen (Fig. 2), the use of a solubilizer 
allowed to increase the solubility of the CNP SD.

Studies have shown that solutions of 
solid dispersions with this polymer exhibit 
opalescence and demonstrate the Tyndall-
Faraday effect. Unlike solutions containing only 
the chloronitrophenol or polymer substance, or 
their physical mixture, when a thin beam of light 
passes through a solution of a solid dispersion, 
the light flux is scattered.

The effect of the opalescent Tyndall-Faraday 
cone in solutions of solid dispersions is associated 
with their colloidal-dispersed state.
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To identify the reasons for the increased 
solubility of chloronitrophenol in a SDS 
composition, physicochemical methods were used.

According to scanning electron microscopy 
data (Fig. 3), the chloronitrophenol substance 
consists of square and rectangular crystals 
of approximately the same size. PEG 1500 is 
a homogeneous, transparent mass without 

a pronounced internal structure (Fig. 4).
The SD with PEG (Fig. 5) had a non-crystalline 

structure. Typical crystals of CNP were not 
observed.

Solid dispersions of CNP with PEG 1500 in the 
presence of a solubilizer (1:5:1) also represent an 
amorphous structure in the absence of crystalline 
structures (Fig. 6).

Fig. 2. Dissolution kinetics of chlornitrophenol solid dispersions with PEG 1500 in the presence of a solu-
bilizer

Fig. 1. Dissolution kinetics of chloronitrophenol solid dispersions with PEG 1500
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Several studies indicate the possibility of 
using thermal methods, including differential 
scanning calorimetry for the analysis of solid 
dispersions [19, 20]. When conducting differential 
scanning calorimetry of chloronitrophenol, a 

peak at 112  °C was observed, for PEG 1500 it 
was 51 °C (Fig. 7, 8), which corresponds to the 
literature data. For the CNP SD with PEG-1500, 
a shift of the melting peak to the left at 41 °C 
was observed (Fig. 9). For SD in the presence of a 
solubilizer, even greater mixing and broadening 
of the peak (up to 38 °C) was observed (Fig. 10). 

IR spectra of the chloronitrophenol substance, 
polymer, and solid dispersions with PEG 1500 
showed that no new absorption bands were 
observed for the SD compared to the PS, which 
may indicate the absence of covalent bonds 
between the PS and the polymer in the SD 
(Fig. 11).

4. Conclusions
Thus, the influence of solubilizers on the 

process of dissolution of chloronitrophenol 
from SD was studied. It has been shown that the 

Fig. 3. Scanning electron microscopy of chloronitro-
phenol substance

Fig. 4. Scanning electron microscopy of PEG 1500

Fig. 5. Scanning electron microscopy of CNP solid 
dispersions with PEG 1500 (1:10)

Fig. 6. Scanning electron microscopy of CNP solid 
dispersions with PEG 1500 in the presence of a solu-
bilizer (1:5:1)
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Fig. 7. DSC curve of chloronitrophenol 

Fig. 8. DSC curve of PEG 1500

Fig. 9. DSC curve of chloronitrophenol solid dispersions with PEG 1500 (1:10)
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presence of solubilizers allows the use of lower 
concentrations of the carrier when obtaining SDS. 

Based on the conducted research, it can be 
concluded ibn the production of solid dispersions 
of chloronitrophenol with a solubilizer, the 
crystallinity of the PS decreases, increasing the 
solubility. The properties of chloronitrophenol in 
the presence of a solubilizer do not change, but 
its solubility and dissolution rate are modified.
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Fig. 10. DSC curve of chloronitrophenol solid dispersions with PEG 1500 in the presence of a solubilizer (1:5:1)

Fig. 11. IR spectrophotometry of chlornitrophenol substance, PEG 1500, solid dispersions of chlornitrophenol 
with PEG 1500 in the presence of a solubilizer (1:5:1)
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