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B craTtpe mpomomkeHa QUCKYCCHS IO TMTOBOAY TECOPHH CEIIEKTUBHOCTH CHJIBHBIX MOHOOOMEHHHKOB,
npenoxeHHoi nmpodeccopom B.A. [llamommankom. [IpuMeHeHne Moieneid, UCTIONb3YIONTNX IPOOHBIE 3apsI/IbI,
JHIeHo Gpu3udeckoro cMeicia. Ou3udecKn J0OPOTHAS TEOPHs JODKHA OIEPHPOBATH IEJIOYHCICHHBIMU Be-
JMYUHAMH IO OTHOIICHHIO 3JIEMEHTAPHOMY 3apsily, a BOJATIIFHOCT 3HAYCHUH YHEPTUH KyJIOHOBCKOTO B3a-
MMOJICHCTBHUS MOXKET OBITh 00BSCHEHA PA3IMIHBIM PACCTOSTHUEM MEXITY 3apsaamu, dppexramu sKpaHupoBa-
HUS U T.IL

B crarbe mpuBeneHbl MaTeMaTHUECKHE BBIBOABI, Kacalolluecs TPAHCIIOpTa MOHOB pa30aBlIEHHOTO
pacTBOpa IoJ| ASHCTBUEM CI1a00T0 3JIEKTPUUYECKOTrO MOJIs. DTH BBIBOBI ONMUPArOTCs Ha 3akoH HepHcTa-DitH-
IITEHHa, CBA3BIBAIOIINHA CKOPOCTh HOHOB € MX TU(P(Y3HOHHBIMU KOIPPUIIEHTaAMHU U TEMIIEPaTypoil.

CorylacHO M3BECTHOM MOJIEJI TIEPECKOKOB ITPOTHBOMOHOB MEXIY (PUKCHPOBAHHBIMU 3apsaMHu IPU
JBIDKCHUH B (haze HoHUTA KO3 (D DUIIMEHTH BHYTPEHHEH MU (Y3UH ¢ XOPOIIeii TOUHOCTHIO TIOYHHSIOTCS Mpa-
BUITY, BRIp@XAIOIIEMY X depe3 Ko HUIHEHTH pacupeneneHus U ko3 ununeHTs! ntnddy3nn HOHOB B KU~
koctu. [locnenHue CUIIBHO 3aBUCST OT TEMIIEPATYPHI, YTO HEOOXOIMMO YUUTHIBAThH B pacderax. Koaddumu-
€HTHI paclpelleIeHUs CBI3aHbI ¢ U30BITOUHOM »Heprueii [ mbOca mpu copOIy, COOTBETCTBYIONIEH YHEPTUU
AKTUBAIINH TIEPECKOKA.

[IpoBeneHo cpaBHEHHE MaHHBIX, TOJMYYCHHBIX aBTOpOM U B.A. IllanonrHuKoM, TIO OIICHKE BKJIaja B
SHEPTHI0 COPOIHMH KYIOHOBCKOTO B3aUMOACUCTBHS MEXKAY (PUKCUPOBAHHBIMHA 3apsIaMU HOHOOOMEHHHUKOB U
NPOTUBOMOHAMH, NOKa3kiBatoliee (1o Kurairopoackomy) 3¢ GeKTUBHOCTD II0/1X0/1a aBTOpa M0 paccMaTpHBa-
€MOMY BOTIPOCY.

KoaioueBble ciioBa: MOHHBIH 00MeH, BHYTpeHHss qU((y3Hsi, SHEPTUsi aKTUBAIMU [IEPEHOCA TIPOTH-
BOMOHa, 3aKOH HepHcTa-OHHIITEITHA.

Brnagumup AunekceeBuu Illanmomuuk B
cBoel perutuke [1] He cornacuics co MHOM
MO PsITy BOIIPOCOB, YTO 51 OOBSCHSIO HEIO-
CTaTOYHO MOAPOOHBIM MOUM MPEABIIYITIM
KoMMmeHTapueM [2] k ero crarbe [3]. [Tocra-
paroch BOCIIOIHUTH POOEITBI U OTBETUTH HA
BOIIPOCHI TITyOOKOYBa)KaeMOTO ONIOHEHTA,
C KOTOPBIMU OH MPOJOJIKHUI TUCKYCCHIO.

1. Bsemenue >()PeKTUBHBIX HELETBIX
3apsiIoB — 3TO OTPUIATEIBHOE KaYeCTBO

TEOPUH, TaK KaK W3BECTCH HEMPEIOXKHBIN
(hakKT 0 TUCKPETHOCTH IIIEKTPUICCKHX 3apsi-
J0B. 3aluIiaTh MOJENH, HWCIIOIB3YIOIIHE
IpoOHBIE 3apsbl, HE UMeeT (U3HUECKOTO
cmbicnia. Dusnyeckn JOOpOTHAsE Teopwus
JOJKHA OTIEPUPOBATH HEIOYHCICHHBIMU 110
OTHOIICHHUIO K JIEMEHTAapHOMY 3apsiay Be-
TUYMHAMU, a BOJATHJILHOCTh 3HAYCHUU
SHEPTUH KYJIOHOBCKOTO B3aWMOJICHCTBHS
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MOXXET OBITh OOBSICHEHA PA3JTMYHBIM pac-
CTOSHUEM MEXIy 3apsanamu, >(pdexramu
SKpaHUpoBaHus U T.1. ViMes B BuUay 3TH
yOexaeHusI, MHE, O4EBHIHO, HET HEOOXOIH-
MOCTH JI0Ka3bIBaTh CBOE€ KPUTHUECKOE OTHO-
HICHUE K PE3YJIbTaTaM BBIUMCICHUS MEXMO-
JIEKYJAPHBIX B3aUMOJICHCTBUI TOITYIMITH-
PUYECKUMH METOJaMH KBAaHTOBOW XUMHH,
M300MITYIOIIUX MHOKECTBOM IapaMETPOB,
JUIICHHBIX (PU3UMYECKOTO CMBICIIA.

2. Mou MaTtemMaTHyeCcKHe BEIBOILI Ka-
CalOTCsl TPAHCIOPTAa MOHOB CHIILHO paz0aB-
JICHHOT'O pacTBOpa MoJ JeHCTBUEM c1aboro
ANEKTPUUECKOTO TMOJIsI U OMUPAIOTCS Ha 3a-
KoH HepHcTa - DitHIITeiHa (BapuaHT ypaB-
HeHus OiHIuTeliHa - CMOJyXOBCKOTO, BbI-
BEJICHHOTO /11 OPOYHOBCKOTO JIBHYKCHHUSI) -
MPOMOPLIUOHAILHOCTh  CKOPOCTH  (pOHTA
HOHOB uX JU(PGY3UOHHBIM KO3 DHIHECH-
TaM, JIeJICHHBIM Ha TeMIeparypy. 3aKoH
OiHmTelHa, Kak U 3akoH Owma, ciemyer
CTporo u3 (IyKTyallMOHHO-IHUCCUTIAIIIOH-
HOM TEOPEMBI CTATUCTUYECKOW MEXaHUKU. B
MPOCTBIX CHCTEMaX, PACCMOTPEHHBIX B pa-
6ote [3], HET HUKAKUX MPUYNH JJIA HapyIIe-
HUS 3TOro (pyHAaMeHTaIpbHOro 3aKoHa. B
cTarbe [4] mpUBEAEHO HHTEPECHOE UCCIIEH0-
BaHME O MPUMEHHUMOCTHU 3TOTO 3aKOHA JaxKe
B CJIy4yae CHJIbHBIX 3JIEKTPOIUTOB. UTak, st
YAEIbHOU 3JIEKTPONPOBOAHOCTH MBI HC-
MOJIb3YEM

D

K oC—.

3. Buyrpunuddysuonusie kodppurm-
€HTBl D C XOpOIIeH TOYHOCTHIO TOAYUHSI-
IOTCS IPABUITY, CBSA3BIBAIOLIEMY UX C KO-
dbunuentamu 1uddy3ur HOHOB B )KUIKOCTH
D, v ko>pduuuenramu pacnpeznenenns I

Dli
(bopmynma D =—2L, mpuBefeHa B MOEM
1+
npebIAYIIeM KOMMEHTapUU U ObLIa TIPOBe-
peHa Ui pa3HbIX HOHUTOB U MOHOB, HAIIPH-
Mep, B [5, 6]). Ota dopmyna BEIBOIUTCS U3
MOJIENIN TTEPECKOKOB MOJIEKYJIBI IO CBOOO/I-
HOM (haze BHYTPH MOPHI OT OJTHOM TOYKHU T10-
BepXHOCTH K Apyrou. IIpenmonoxxenue o
HAJIMYMKA TOJBWKHOM (a3bl Jisi Takoro
npezcTaBieHus kodpdunuenta auddy3un

M30BITOYHO (BOJA B TMOpax MeMOpaHBI HE
JIBHKETCS).

4. KoabdumueHTs! pacrpeneyeHus
CBsI3aHBI C M30bITOYHOU SHeprued ['mbOca
npu COpOIMM, BBIMOJMHSIONMICH B JaHHOM
IKCIIEPUMEHTE POJIb SHEPTUU AaKTUBALIUH T1e-
peckoka (C TPOTHUBOIOJIOKHBIM 3HAKOM),

bopmynoii:
I'+1= exp(— Ej = exp( E, j
RT RT

5. DOKcnepuMeHTallbHas cucTeMa Mpea-
CTaBJIslIa COOOM cHUCTEeMy «IIOJIMMEpP B pac-
TBOpUTENIE», HECMOTPS Ha OTCYTCTBHE
BHeNIHEN BoJibl. [T0aTOMY coriacHo Bce Toi
K€ MOJIENH NEPECKOKOB MOJABUKHOCTD IIPO-
THBOMOHOB B BOJIE JOJKHA YUHUTHIBATHCS B
o01eit MpOBOAMMOCTH MEMOpPAHBI.

Cobupast BBIBOABI TL.I. 2-5, TOJIy4aem
MIPUBEJICHHOE B [2] ypaBHEHUE ISl PE3YIlb-
TaTOB HKCIEPUMEHTA IO AJIEKTPOIPOBOIHO-
CTH MEMOpaHBI TIPU Pa3HBIX TEMIIEpaTypax:

Ty y) 2 D”- 2
K2 :th‘ ~In L =ln—=—
K D, I lig1
T.

L o LAl K B 11
]—'1 1—‘1 + 1 Kliql R Tl T2
B moem kommenTapum [2] BmMecTo dop-

mynsl (2) u3 crateu B.A. lllamommawnka [3]
3aMMcaHo:

In

—In

R lnﬁ—ln% RlnM
K Kiig1 _E _ Kigt
“ 11 “«@7TT ]
I T, L T
N3 cnpaBoUYHBIX JaHHBIX MO 3aBHCHMO-
CTH  YIEIbHBIX  3JIEKTPONPOBOAHOCTEU
HMOHOB B BOJIE OT TEMIIEPATYPHI CIEAYET, YTO
OTpHULIATENIbHASA MONpPaBKa K BEJIUYUHE, IO-
nyuenHod B cratbe B.A. Illanomnuka

E, ), cocraBisieT npumepHo 14.0 kJHK/MOJIb.

a

B Tabnuiie npuBeaeHbI pacueThl, yKa3bIBaro-
1[Me Ha TO, YTO UTOTOBas BEJIIMYMHA, TOJIY-
YeHHAasl TOCJIC BBIYMTAHUS TOW BEIIMYMHBI
13 TaOJMIMYHBIX BETUYHH CTaThH [3], XOpoIIo
OOBSCHSIETCS JTOMUHHPOBAHWEM KYJIOHOB-
CKOTI'0 4JIeHa C TPAJAULIMOHHO MTOHUMAEMbIMU
[EJIOYMCIICHHBIMU  3apsigamMu. TOYHOCTH
MOUX OLIEHOK, PUBEICHHBIX B IEPBOM KOM-
MEHTapuu [2], MOXHO YJIY4YIIUTh, CHU3UB
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Tabmuna. OueHka BKIJIa/ia B S9HEPTUIO COPOLIUH KYJIOHOBCKOTO B3aMMOICHCTBUS MEXKTY (PUKCUPO-
BaHHBIMH 3apsilaMi HOHOOOMEHHHUKOB ¥ TPOTHBOMOHAMH

Table. The estimation of the contribution of the Coulomb interaction between fixed charges of ion
exchangers and counterions to the sorption energy

[Ipotu- 3apsin z [3]: [2]: E, / z, IToTenuuan
BOMOH Ea’ 2 E,=E,, -14.0, T/ MO (xIx/MOJIB)
K JI>K/MOJTB kJLK/MoIB ymxipon.
TPYIITBI
Na* 1 21.7 7.7 7.7 Cr:7.5
Ca** 2 27.2 13.2 6.6
A" 3 38.4 24.4 8.1
CI 1 20.4 6.4 6.4 YAO: 5.5
SO+ 2 24.6 10.6 53
PO 3 28.8 14.8 4.9

CT — cynsdorpymma, YAO — yeTBEpTHIHOE aMMOHHEBOE OCHOBAHUE.
SG — sulphogroup, QAB — quaternary ammonium base.

orkionenue 10 0.6-0.7 xJx/Monb oT cpen-
HUX 3HadeHuW 7.5 kJ[K/MOnb Ha equHUILY
3apsiaa As katuoHuTa u 5.5 xJx/Mons auis
AQHUOHUTA, €CIU Y4YECThb, YTO PAIUYC CYIb-
dorpynmnel Ha YETBEPTh MEHbBINE paauyca
aMMOHHEBOI'0 OCHOBaHUS (B FMApaTUPOBAH-
HOM BH/JIC).

BrickazpiBanue Kutaiiroposckoro, npu-
BeJlecHHOe Brnagumupom AuiekceeBuueM B
[1], ABHO JOJ>KHO TPUBETCTBOBATH IBPUCTH-
YECKUM MUHUMAIN3M MOEro nojaxoaa!

Brictynas na cemunape B UOXD PAH B
deBpasie 3TOro roja ¢ MPOSICHEHUEM CBOEH
MO3ULIMK IO JAHHOMY BOIIPOCY, s IPEMJIo-
JKUJT SKCIEPUMEHT, OMPESISIONUNA KaKylo
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Focus on a discussion about the nature of selectivity
of strong ion exchangers (A response to the commentary
by V. A. Shaposhnik published in the journal “Sorption
and Chromatographic Processes”, No 2, 2021)

© 2021 Dolgonosov A.M.

Institute of Geochemistry and Analytical Chemistry of the Russian Academy of Sciences, Moscow

The article continues the discussion about the theory of selectivity of strong ion exchangers proposed
by Professor V. A. Shaposhnik. The application of models using fractional charges lacks any physical meaning.
A high quality physical theory should operate with integer values in relation to the elementary charge and the
volatility of the values of the energy of Coulomb interaction can be explained by different distances between
charges, screening effects, etc.

The article presents mathematical conclusions regarding the transport of ions in a dilute solution under
the influence of a weak electric field. These conclusions are based on the Nernst-Einstein law which relates the
speed of ions to their diffusion coefficients and temperature. According to the well-known model of counterion
jumps between fixed charges during the motion in the ion exchanger phase the internal diffusion coefficients
follow the rule which expresses them in terms of distribution coefficients and coefficients of ion diffusion in a
liquid with good accuracy. The latter strongly depend on temperature, which must be taken into account in the
calculations. The distribution coefficients are related to the excess Gibbs energy during sorption, which corre-
sponds to the energy of the jump activation.

We compared the data obtained by us and V. A. Shaposhnik regarding the estimation of the contribu-
tion of the Coulomb interaction between fixed charges of ion exchangers and counterions to the sorption en-
ergy. The results showed (according to Kitaygorodsky) the effectiveness of the author's approach to the con-
sidered issue.

Keywords: ion exchange, internal diffusion, the activation energy of counterion transfer, Nernst -
Einstein law.
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