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AHOMAJIBHOE HABYXAHHUE B BOJE KAPBOKCHUJIBHOI'O HOHUTA
B ®OPMAX HOHOB AMMOHMUA U TETPADTUJIAMMOHMUA

AHHoOTanus. BomoKHUCTHIN KapOOKCHIIBHBIN MOHUT, MOJYYCHHBIH MOCT-paJUalliOHHON MPUBUBKOW MOJIMAKPUIOBON
KHCJIOTHI K TTOJIMIIPOIIUIICHOBOMY BOJIOKHY, B aMMOHHEBOH (opme 00s1aaeT aHOMaJIbHO HU3KMM HaOyXaHUEM, COOTBET-
cTByfomuM 10 MOTb BOIBI Ha DKBHBAJEHT, a B Gopme moHa TeTpadtTunamMmonus (NEt,") — aHOMambHO BBICOKHM, PaBHEIM
25 MoIb BOJBI/AKB. YuuThiBas, uto NH," sBinserca rugpoduibHoil yactunei, a NEt,” — runpodo6HOit, 3TOT (pakT KaeTcs
nmapajioKcaabHbIM. JlenaeTcs monbITKa OOBSICHUTH ITO SIBJIEHHE C UCTIOIB30BAHUEM MOJIEKYIIPHOTO MOJenupoBanus (ab ini-
tio pacdeTsl CTPYKTYpPBI THAPATHBIX KOMIUICKCOB B MpuOmmkeHnu XapTpu—®Doka 1 MOJIEKyISIpHOH OpOUTAIHN KaK JTHHEHHOH
KoMOuHanuu atoMubix opoutaneit (MO JIKAO) ¢ 6asucHbiM Habopom 6-31G) B coueTaHuu ¢ Mojaeibio [Ipeodnagaromux
THAPATOB, MTO3BOJINBIIEH paCCIUTATh TEOPETHIECKUE H30TEPMBI COPOIIMH BOJABI HOHUTOM M3 MapOBOH (ha3bl U COMOCTaBHTH
HX C DKCICPUMEHTAIbHBIMU JaHHBIMH. AHOMAlIbHO HHM3Koe HabOyxanue uonuta B NH,"-dopme BbI3BaHO 0OpasoBaHHEM
MPOYHOH CBSI3M KapOOKCUIATHOTO aHMOHA C aMMOHHEM CO 3HAYUTEIbHON J0NIeil KOBAJTEHTHOCTH 3a CYET HAJIOKEHUS KyJo-
HOBCKOTO B3aMMOJICHCTBHSI MOHOB M 00pa30oBaHUS BOJOPOJHOHN CBS3M MEXJIy HUMH. AHOMAaJbHO BEICOKOE HaOyXaHHE
NEt,"-popm BBI3BaHO OTCYTCTBHEM CHJIBLHOTO B3aUMOAEHCTBHSA MEXKIy KaTHOHAMM M KapOOKCHIATHBIMHU TPYNIaMU U3-3a
HEBO3MOXXHOCTH HX COJMKEHHS M0 CTEPHUCCKUM NpUIHHaM. Bricokoe HaOyxaHHne HOHUTA BBI3BAHO OTCYTCTBHEM OJOKH-
POBKH THAPODHIBHBIX KapOOKCHUIIATHBIX T'PYII HOHUTA BOJOPOJAHBIMHU CBS3SIMU C KATHOHOM. MaTpHiia HOHUTA HE COJCPIKUT
KpPOCC-areHTa 1 He CO3AaeT MPOCTPAHCTBEHHOTO OTPAHUYEHUS JIJIsl BRICOKOTO HA0yXaHNs HOHUTA.

KuroueBble c10Ba: KapOOKCHIIBHBIE HOHHUTHI, HA0yXaHHe, aMMOHHH, TeTPaaKWIaMMOHHMSI HOHBI, THAPATALH, MOJICKY-
JSIPHOE MOJETHUPOBAHNE
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ABNORMAL SWELLING IN WATER OF CARBOXYLIC ION EXCHANGER IN THE FORMS
OF AMMONIUM AND TETRAETHYLAMMONIUM IONS

Abstract. A fibrous carboxylic ion exchanger, obtained by post-radiation grafting of polyacrylic acid to polypropylene
fiber, in the ammonium form has an abnormally low swelling in water, corresponding to 10 moles of water per equivalent, and
in the form of tetraethylammonium ion (NEt,) — abnormally high 25 moles of water/eq. Considering that NH," is a hydro-
philic particle and NEt," is hydrophobic, this fact seems paradoxical. The article attempts to explain this phenomenon using
molecular modeling (ab initio calculations of the structure of hydrate complexes in the HF MO LCAO approximation with
the 6-31G basis set) in combination with the Predominant Hydrates Model, which made it possible to calculate the theoreti-
cal water sorption isotherms of the ion exchanger and compare them with experimental data. The abnormally low swelling
of the ion exchanger in the NH,"-form is caused by the formation of a strong bond between the carboxylate anion and ammo-
nium with a significant degree of covalence due to the superposition of the Coulomb interaction of the ions and the formation
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of a hydrogen bond between them. The abnormally high swelling of NEt,"-forms is caused by the absence of a strong inter-
action between cations and carboxylate groups due to the impossibility of their convergence due to steric reasons. The high
swelling of the ion exchanger is caused by the absence of blocking of the hydrophilic carboxylate groups of the ion exchanger
by hydrogen bonds with the cation. The ion exchanger matrix does not contain a cross agent and does not create a spatial
restriction for the high swelling of the ion exchanger.

Keywords: carboxylic ion exchangers, swelling, ammonium, tetraalkylammonium ions, hydration, molecular modeling
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BBenenue. UeTBepTHUHBIE aMMOHHEBBIE OCHOBAHMS 3aHHUMAIOT 0CO00€ MECTO CPEIH DIEKTPOIH-
ToB. OHU COUYETAIOT CBOWCTBA CHJIBHBIX HEOPraHMUYECKUX MIEIOoUeH U rUApOPOOHBIX HEMOISPHBIX Be-
miecTB. [10100HO0 HEOPTAaHUYECKUM IIEKTPOIUTAM OHH XOPOIIIO PACTBOPUMEI B Boze [1], HO, B oTiim4me
OT HHX, TOT IPOIECC PHEPreTUYECKN HEBBITOJEH M IMPOUCXOAUT C YBEIWYCHHEM SHTAJBIUU Ollaro-
Jlapsi BO3PACTaHUIO SHTPONUU [2]. DTO XapaKTepHO Jisl TUAPO(OOHBIX BEIIECTB U MOCTYKHUIIO OJTHUM
W3 TTOBOJIOB IS TTOSIBJICHHS] CEMaHTHUECKH TTPOTHBOPEUNBOTO TEPMHUHA «THAPOPOOHAS THIpaTamus [3].
B HacTosimee Bpemsi cCoelMHEHMS 3TOTO KJlacca HAaIllJM 3HAYUTENIbHOE MPAKTHUECKOe MPUMEHEHNE KaK
JIeKapCTBEHHBIC BEIllecTBa, MEK(pa3zHble KaTaIn3aTOPhl, MOIOIIHE CPEJCTBA, KOMIIOHEHTBI KPEMOB H TH-
THEHHYECKHUX CPENICTB, U B JPYTUX O0NacTaX MpakTuku. Mccnemyst cBoiicTBa KapOOKCHIIBHOTO KaTH-
OHHUTA C MOJMAKPHIIATHON MaTpulel B (hopMax HOHOB aMMOHUS U BCEX DTHJIAMMOHHUEBBIX MOHOB, MBI
0oOHApYX WU, 4TO OH 00JIaZlaeT aHOMAJIBHO BHICOKMM HaOyXaHHWeEM B BOJie B (JOpME MOHA TETPadITHII-
ammonus (NEt,") — camoro rupodoOGHOro 13 UCCIEOBAHHBIX HOHOB, M CAMBIM HU3KUM HaOyXaHUEM
B popme NH," — nHauGonee ruapoduibHoro nona. C TOYKH 3peHMs TPaJULUOHHBIX NPEACTABIEHUI
0 B3aMMOCBSI3U Ha0yXaHHsI HOHUTOB U THAPO(UIBHOCTH HACBIIIAIOUINX UX IPOTHBOMOHOB TaKOH (hakT
napajokcayeH. B HactosimemM cooOImeHn TPUBOIUTCSI HHTEPIPETAIUS STOTO SBJICHHUS HA OCHOBE WH-
(hopManuuy, OTyYeHHOW TIPH COBMECTHOM IPUMEHEHHH KBAaHTOBO-XMMHYECKOTO pacyeTa CTPYKTYPBI
MOJICKYJISIDHOM MOJIEJIM 9TOTO MOHHWTA M TEPMOAMHAMUYECKOTO HCCIICAOBAHHS M30TEPMBI COPOLMH
BOJIBI ¢ omomibio Mozienu IIpeobnanaromux rugpatos (MIII) [4]. Tlapannensho ¢ NEt,” npuBoasTcs
anHanoruynsle naHnbie 118 NH," dpopmbl 510 ke nonuta. Ilocnenuuii B3aT Kak ruipouIbHbINA aHTH-
nox nona NEt,*.

CpoiicTBa nonnta. MoHUT, CBOHCTBAa KOTOPOTO COMOCTABIISIIOTCS C PE3yJIbTaTaMy IPOBEIECHHBIX
pacueToB, MPeNCTaBIISII COOOH MOTUTPONHICHOBOE BOJIOKHO C IPUBUTOM HA HETO MOJTUAKPHUIIOBOH KHC-
noroit. Crioco0 ero mony4eHus U CBOWCTBA OMUCAHBI B [5]. MeTonuka u3ydeHus copOIuu BOJIBI HOHU-
TOM M TIOJyYeHHBIE pe3yJIbTaThl MpeAcTaBieHbl B [6]. KapOokcunpHble rpynibl GUKCHPOBAHBI HA OT-
pe3Kax MOJIMaKPHIATHBIX IIeTIed, TPUBUTHIX HAa OCHOBHBIE TOJHIIPOIUAICHOBEIE IIETIH, 1 PABHOMEPHO
pacmpeneneHsl Mo o0beMy BOJOKHA. MIOHUT He comepXuT Kpocc-arenta. Ero monnas oOMeHHas eM-
KocTh 4,2 M-5kB/T H-dopmer. HaOyxanune B sxuakoii Boge B NH," dopme 12 monp Bonwi/2kB, B NEt,*
(hopme 35 Mok Bozibl/AKB. HabyxaHue B HachIieHHOM BosiHOM 1ape 1ipu 25 °C — 10 1 25 MoIb BOZBI/AKB
COOTBETCTBEHHO. Paznuune B HaOyXaHMM W3 JKMJIKOCTH W Tapa HasbiBaeTcs mnapajgokcoMm lllpenepa
Y HE IMEET OTHO3HAYHOTO 00BsicHeHnd [7]. [Ipu BBITTOTHEHUN TEPMOIMHAMUYECKAX PACYETOB UCTIOTh-
30BaJIOCh HaOyXaHWe U3 mapa, FKcTpanoiupoanHoe Ha 100 % OTHOCUTETBHYIO BIIaXKHOCTb.

KoMnbloTepHblii dJKCepUMEHT W TEPMOAUHAMUYECKHE pacyeThl. B kauecTBe MOIEKYISIpHOI
MOJIETTM MOHHUTA BBIOpaH KiacTep, COACPKAIIMA OTPE30K aTu(aTHYecKOi Lenu ¢ YeTHIPbMS KapOoK-
CUJIATHBIMH TPYTIIAMH, 3aps/ibl KOTOPhIX KoMmneHcuposansl nonamMu NEt,” umu NH,". Konnpl nonu-
MEpHOH e 3aMKHYThI METHJIBHBIMH TpyTiamMu. KimacTepsl cofepxain 56 MOJIEKYI BOABI, YTO IPH-
ONMM3UTENEHO COOTBETCTBYET pealbHOMY Ha0yXaHWIO HOHUTOB TOTO THMA. VccemoBaHHbIE KITaCTEePHI
nanee obo3navensl kak (R'Et,"),-56H,0 n (R'NH,"),"56H,0.

Pacuer cTpykTypsl Ki1actepa npoBoamiics B mpubdmmkeHun Xaprpu—doka u MO JIKAO c 6a3uc-
HbIM HabopoM 6-31G. Ilo naHHBIM pacyeTa pacCTOSHUI OT HEHTPa KAaTHOHOB JI0 aTOMOB KHCIOPO/a MO-
JIEKyJl BOZIbI M KAPOOKCHIIATHBIX IPYIII MOCTPOEHBI IMAarPAMMBbI HX PAHTOBBIX pacrpenencHui «Lo—N,»,
KOTOpBIE OBLITH NCTIOIB30BAHBI ITPH pacueTe cocTaBa IPGEKTUBHBIX TUPATOB B KJIACTEPax C UCTIOIH30-
BaHUEM TIPOIICAY PHI, OTMCAHHON B [5].
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Pacuer TeopeTnueckux M30TEPM COPOLMM BOALI MOHMTOM M3 ra3oBoi ¢assl W = f(P / P,) nposo-
JIICSE ¢ ToMoIbio Mozenu «[Ipeobiafaromux ruipaToBy, OCHOBHBIE YPaBHEHHS KOTOPOH B alaliTHPO-
BAHHOM /ISl TaHHOTO cirydasi popme, MpecTaBICHbl HUXKE.

RI+¢H,0 <> RI-.¢H,0, (1)
" o 0 - .
Hi — [RI QZHZO] — XHI ‘ — exp _AGVVIQZ , (2)
[RI][H,0]%  Xgot RT
ngi =Kpi| 1= ng; |a?, 3
i
o| Wy _ZqinHi
nwr = : 5 C))

1+ Wy —zf]inHi —o| Wy —ZQinHi
i i
W=261inHi+nWF, ®)
i

pwl = nwl / (nwl + ncl)’ (6)

rae o = P/ P — akTUBHOCTb BOJIbI, PaBHAas OTHOCHTEIBHOM BIa)KHOCTH Ia30BoM (asel; W — copOuus
BOABI MOHMTOM, W, = W npu P = P; K, — KOHCTaHTa 00pa30BaHuUs i-TUpaTa; AGy; — cBobGoaHas
sHeprusi obpasopanus i-runpata (AGyy;), OTHeCeHHAs K OIHOH MOJIEKYIe BOJIbI; g, — YMCII0 MOJIEKYJI
BOJBI B TUJPATE I; Ny, Ny — YACTA MOJIEH TMAPATOB M CBOOOXHOW BOIBI; 71, W 71, — YHCIAa aTOMOB
KHUCIIOpOJa MOJIEKYJI BOJAB M KapOOKCHJIATHOW TPYMIBI B i-M KOOPAMHAIIMOHHOM CIIO€ KaTHOHA;
P, =1,/ (n, +n,)—4acToTa HAXOXKAECHUS MOJIEKYJIbI BOJBI B IIEPBOM KOOPIMHALMOHHOM CIIO€ KATHOHA.

[Ipouenypa pacyera neranpHO ommcaHa B [S] u OyneT KpaTKo OOBSCHEHa B COOTBETCTBYIOIIEM
MECTE B TEKCTE.

Cuctema ypaBHenuil (1)—(6) MO3BOJIAET pacCUUTATh TEOPETUUECKYIO H30TEPMY COPOLMH BOIBI
W = f(P/ P,), ecnu U3BeCTHSBI criefyromue mapamerper: AGjy;, i, g, p,, u W,

[TapameTpsbl i, g,, p,, HAXOAATCA U3 aHAIIU3A JAHATPAMM PAHTOBOIO PACHPENETIEHHS IO PACCTOSHUAM
aTOMOB KHMCIIOpOZa OT a30Ta L,—N, , KOTOpbIE ObLIN ONPEAEIEHBI IPAMBIM H3MEPEHHEM HA TPEXMEPHBIX
M300pakeHUAX CTPYKTYP, HCHOJIb3ysl CTaHIAPTHBIE BO3MOKHOCTH nporpammbl HyperChem. Paccros-
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Puc. 1. JluarpaMMbl paHTOBBIX paclpesieIeHU aTOMOB KHUCJIOPO/Ia 10 PACCTOSIHUSAM OT aTOMOB a30Ta.
CBeTIbIe CHMBOJIBI OTHOCSITCSI K MOJIEKYJIaM BOJIBI, TEMHBIE — K KapOOKCHUIIATHBIM IpyIIaM

Fig. 1. Diagrams of rank distributions of oxygen atoms by distances from nitrogen atoms.
Light symbols refer to water molecules, dark symbols refer to carboxylate groups
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HHS L, N3MEPEHHBIE OT KaXJIOr0 aToMa a30Ta [0 KaKI0ro aroMa KMCIOpoa, COPTUPOBAIMCE 110 BEJIH-
4KHe (PaHry) ¢ MpucBoeHreM HoMepa N, = 1 kpaTuaiiieMy U3 HUX M OOBEAMHSINCH B OJMH MAaCCHB
NaHHbIX L,—N,;, TMarpaMMbl KOTOPBIX IIPEICTaBIEHBI HA PHC. 1.

Pe3yabTaThl 1 UX 00cy:xkaeHne. Ha nuarpaMmax paccTosHUS KUCIOPOa BOABI M KapOOKCUIATHOM
rpynmsl 0003Ha4EHBl Pa3HBIMU CHMBOJIAMHU. BUHO, 94TO OHM 00pa3yIoT 00111e KpUBBIE.

W3 auarpamm BUIHO, 4TO KapOOKCHIIaTHBIC aHMOHBI HE 00pa3yroT OTJAENbHBIX TPYIII, a paciojara-
10TCs 6€3 BUJAMMOIO MOpsiiKa MEK Ly MojieKyaamu Bobl. Juarpamma L,—N, knacrepa (R'NH,"),-56H,0
HMEeT MOYTH IJIOCKUH y4acTOK, COOTBETCTBYIOLINI 15 mMpHOIU3NUTENbHO PaBHOYAJICHHBIM OT aToMa
N aromam kucnopozna monekyin Boasl (O,) u kapbokcunaTHbix Tpyni (O,), 00pa3yromuX MI0THEIE KO-
OpIMHALMOHHBIE CJION BOKPYT YEThIpeX HOHOB aMMOHUs. Elle onnH aToM KHCIopoJa HaXOAUTCs B Iie-
PEXOAHOM COCTOSTHUHM, KOTOPOE COOTBETCTBYET €ro MPEOBIBAHUIO B HEMOCPEACTBEHHON ONU30CTH OT
KaTHOHA B TEYEHHE HEKOTOPOIl YacTH BpeMeHU HaOntoneHus. C y4eToM 3TOH HEONPEAEICHHOCTH MOX-
HO KOHCTAaTMPOBATh, YTO B KOOPAMHALMOHHOM Cl10€ aMmMonus Haxogures 11 O u 4 O atomoB, u napa-
metp p,, = 11 /(11 +4)=0,73. Jlna i = 1, B COOTBETCTBHHU C NPHHATHIM aJIrOPUTMOM BEIOOpa Mapame-
tpoB B MIII, BHavane BeiOMpaem 3Hauenue ¢, = 1. Oka3anock, 4TO IPU TAKOM BBIOOPE MEPEUHCTEHHBIX
rapaMeTpoB KpHuBasi copoumnu Bojibl, paccuntannas 1o (1)—(6), mpakTH4YecKu COBMaZaeT ¢ IKCIEPUMEH-
TaNbHBIMU JaHHBIME, eciu AGjy; =—18 kJ[x/Monb Bombl, min AGry; = —13 xJlx/Monb ruapara (puc. 2).

Hon amMMOHMS BCTpauBaeTCsl B CTPYKTYpPY BOJbI, IPAKTUUECKN HE HapyIias ee. ToNbKo ofHa Mo-
JeKyJa BoAbl 00pa3yeT ¢ HUM I'MApaT, B KOTOPOM OHA CBSi3aHa IPOYHEE, YeM C APYTUMHU MOJIEKYJIaMU
BOJIbI B €€ OKPY’KeHHH. bonbIuas 4acTh Bojbl B KapOokcuabHoM nonute B NH," hopme He oTnnuaercs
0T 00bEMHOI BOJIBI 110 3TOMY MapaMmeTpy. JInTeparypHble TaHHbBIE O THIpaTalliid MOHA aMMOHHUS B BOJI-
HBIX pacTBOpax €ro pasjMyYHBIX coJyieil (dalle BCEro XJOpUIOB M CYIb(aToB) CHIIBHO Pa3IMYaoTCs
MEXy cOoOOi U Mo-pa3HOMY MHTEPIPETUPYIOTCS pa3HbiMU aBTopamu [8—11]. Paznuuue B yucnax ru-
IpaTalyy CBsI3aHbl C OTCYTCTBHEM OOIIEIPUHATOrO ONpeneseHUs] NOHATUs «ruapar». [loxyueHnsle
B HacTOsILel padoTe KOJMYECTBEHHbIE MapaMeTpbl THAPaTallid OTHOCITCS K MOMEHTAJIBHOU (HE ycpen-
HEHHOMW IO BPEMEHH) CTPYKTYpe KiacTepoB. B ciydae noHa aMMOHUS MPU3HAKOM MPUHAIJIEKHOCTH
MOJIEKYJIbI BOJBI K TUAPATY IPUHUMACTCS COOI0AeHUE ABYX ycioBuit: (1) moctaTouno Gim3Koe cocen-

[
=]

W, mons H,O/3ke

0,0 0,2 0,4 0,6 08 10
P/P,
Pwuc. 2. M3otepma copbunu mapos Boxsl NH, ™ hopmoif mornTa 13 Ta30Boit Gassl i comepKaHNe B HOHUTE THIPATHOI
1 cBOOOIHOM BOABI (TyHKTHP M IITPUX-IIYHKTHP). TOUKK — SKCIIEPUMEHTAIbHbBIE JaHHBIE; CTIOMIHAS JTHHHS —

oO11ee KOJIMYECTBO NMOMIONMEeHHOI Bozibl (pacueT o MIIIT co crepyromumu napaMeTpamu:
i=1,q,=1p, =073 AGjy; =-18 xlx/Monb; W, = 10 mons H,O/>kB)

Fig. 2. Isotherm of water vapor sorption by NH," ionic form of the ion exchanger from the gas phase and the content
of hydrated and free water in the ion exchanger (dashed and dash-dotted lines). Points — experimental data; solid line —
total amount of absorbed water (calculated by Predominant Hydrates Model (PHM) with the following parameters:
i=1,q,=1,p, =073, AGy; =-18 kJ/mol; W, =10 mol H,0/eq)
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CTBO MOJIEKYJIBI BOABI C THApaTUpylomeiics yactuueid u (2) Oonee BBICOKME MO aOCOIIOTHON BEJH-
YUHE CBOOOJHBIC SHEPIUH CBA3HM MOJIEKYJ BOABI C YaCTHULEH, YEM C MOJIEKYJIaMU BOABI B ee 00beMe.
B ciyuae aMMOHMS BOKPYT €ro LIEHTpa MOT'YT pacnosiararbes 4 aroma KMCI0poa, YTO COOTBETCTBYET
ero MaKCHMalIbHOMY KOOpAWHannoHHOMY uunciay 4. B [12] goka3zaHo, 4TO B BOIHBIX Cpelax JBe
U3 TPEX MJIM YETBIPEX MOJIEKYJ BOJIBI HMEIOT OCOOEHHO BBICOKHE PHEPIUH BOJOPOIHBIX cBs3eit ¢ NH, .
MO3KHO MPEANONI0KUTh, YTO OHU PACXOAYIOTCS Ha 00pa30BaHKE CBSI3CH C OHUM U3 aTOMOB KUCIIOPOAA
KapOOKCHIJIATHOW TPYTIBI M OIHOW M3 ONMKaHIIKUX MOJIEKYN Bonbl. JleHCTBUTENBHO, OKa3aJ0Ch, YTO
u3 TUX 4eTbipex O aTOMOB AOCTaTOYHO (M HEOOXOOMUMO) YUECTh TOJIBKO 00pa30BaHME MOHOTHMpaTa
H,N"—H:--OH,, 4T00bI MOIy4YUTh MPAKTUYECKH TOYHOE COBIMAJEHHUE TEOPETHYECKOH M30TEpMBI COPO-
WU C OKCTIEPIMEHTAIBHOM (pHC. 2), TaK KaK TOJBKO €€ CBOOOHAS IHEPTHS CBSI3U C HOHOM OTIUYAETCS
OT PHEPrUU B3aMMOJICHCTBUS C MOJIEKYJIaMH BOJBI, HE BXOJSIIMMH B TUApAT. HecMOTpst Ha TOBOJIIBHO
OnM3KKe 3HAYCHUS JJIMH BOIOPOIHBIX CBSI3EH MEXy HOHOM aMMOHHS M KHCJIOPOJIOM BOJABI MM Kap-
OOKCHJIATHOH TPYNIOH, OHU UMEIOT CyIIECTBEHHOE OTIHYHE: CBA3b —N—H--O_ uMeeT 3HaYMTENbHYIO
JOJIK0 KOBAaJIE€HTHOCTH (mopaaok cBsasu Bo = 0,10-0,12), a ceazu —N-H--O_ uncro nonnsie (Bo <0,5).

[Ipu pacuerax ruapatanuu KapOOKCHUIBHOIO M CyJIb(OKaTHOHHUTOB B ()OPMAX HMOHOB ILEIOYHBIX
METaJIJIOB [5] MBI TaKXe OOHAPYKUBAIH BO BCEX CIydasx 00pa3oBaHNE MOHOTHIPATOB, OTHAKO B ATHX
CiIydasx OCTaJbHBbIE MOJIEKYJIBI BOJbI, HAXOASIINECS B IIEPBOM KOOPAMHAIIMOHHOM CJIO€ KaTHOHA, BXO-
JST B COCTaB BTOpOro ruapata. Hamuuue ogHO# U3 MOJIEKYJ BOJBI B IEPBOM KOOPAMHAIIMOHHOM CIIOE,
CuIJIbHEE IPYTHX CBA3AHHOI ¢ HOHOM, OTpaxaeT GIroKTyanuu paccTosuuii I'--OH,, ¥ BbI3BaHHBIE TUM
dmroxryaruu AGjy;, KOTOpbIE MOTYT HaOIIONATHCS HA MOMEHTAJIBHBIX CHUMKAX CTPYKTYpbI KJacTepa,
HO OTCYTCTBOBAaTb Ha YCPEIHEHHBIX 10 BpeMeHH ux oOpa3zax. Takum oOpa3oM, B JaHHOM CIIy4yae MBI
MOJTy4YaeM B sSIBHOM BUJIC TIPEIIONIaracMblii KOHKPETHBIH 00pa3 olHON M3 BO3MOXKHBIX CTPYKTYp THJIpa-
Ta ¥ €ro SHEPreTHYECKYI0 XapaKTePUCTHKY.

PagukanpHO MHAs cUTyanusi HaOJIIOAAETCs TPU THAPATALUU STOrO e MOHUTa B (hopMe MOHA Te-
TpasTunamMmonus. Mon NEt,” no oOnienpuHaThiM NpeicTaBIeHUsAM ABIsSeTCs ruaApo(oOHOi 3apsiKeH-
HOHM 4YacTHULEeH, He ClIOCOOHON K CHIIBHOMY B3aWMOJCHCTBHUIO C MOJIEKYJaMHu BoAbl. Jnarpamma pas-
rosoro pacrnpenenenus L,—N, atomos kucnopona knactepa (R'Et,"),-56H,O (puc. 1) umeer BaxHbIe
ornuuus oT auarpamMmsl (R'NH,"),-56H,0. PaccTosiHust OT aTOMOB KHCJIOPOJa BOJbI M KapOOKCHIIAT-
HBIX TPYII JI0 HEHTPAJBHOTO aTOMa MOHA HACTOJBKO BEIUKH, YTO OHU HE JOMYCKaloT 00pa3oBaHHUS
BOJIOPONIHBIX CBsi3eil. brmkaliiee pacCTosHIE OT aTOMa KHUCIOpoa A0 atoMa a3oTa coctasiset 0,38 Hwm,
4TO OOJBIIE, YEM pPaccTOSTHUE JI0 Hanbosee yIaJeHHOro OT HEro aroMa BOJOPOAa STUIBHBIX TPYIII
(0,34 am). [ToaTOMy OH SBISETCS HOHOM C IUJIOTHOW» CTPYKTypoH [13], uTo uckiItodaeT oOpa3oBaHue
KJIATPATONONOOHBIX CTPYKTYP BOKPYT aJIKMJIBHBIX I'PYII KaTHOHA, Kak mnpexmnonaraercs B [1]. Koopnu-
HAI[MOHHBIE CJION U3 aTOMOB KHCIIOPOJa BOKPYT KaTHOHOB OTCYTCTBYIOT. [loaToMy 115t pacueTa Teope-
TUYECKOW M30TEPMBI COPOLIMY HE MOYKET ObITh IPUMEHEH allTOPUTM, MPUHSTHIN [ aMMOHUS U JAPY-
TrUX HeOONBIINX MOHOB, 00Pa3yIOUIMX KOHTAKTHbBIC THAPATHL. B 3TOM ciyuae 1J1s1 HaXOKICHHS mapa-
meTpoB MIII" ucnonp3oBacs MeTox cBOOOJHOTO Mo00pa napaMeTpoB. OH MPOBOAMIICS OT MEHBIIETO
K OosblIeMY IpU COOMIOACHUH ABYX ycIOBUI: (1) KaXkKIbIi Mpeapl 1y Ui NPEeUMYIIeCTBEHHBINH THIpaT
JIOJKEH COZIePIKAaTh MEHbIIE MOJICKYI BOJBI, 4eM mocieayomuii, i (2) ero AGy; 10IKHO GbITh GONbIIE
MOCTIeTYIOMIEro 1o abCoMOTHON BennunHe. [lapaMeTpsl, MO3BOMUBIITNE KOPPEKTHO OIHCATh U30TEPMY
copOuuu B 3TOM ciydae (puc. 3), okasamuch cueayromumu: W, =25 mons H,O/3kB, p, | = 1; 3navyenus gi,
AGyy; (x]JIx/monb ruzpata) 1 AGyy; (kJIK/MOIb BOIBI B THApPATE) IIPeiCTaBIeHb! B TaOJIHIIE.

IMapamerpsr MIIT ans kaactepa (R"NH,"),-56H,0
PHM parameters for the (R"NH,*),-56H,0 cluster

i 1 2 3 4
g, 3 5 8 15
~AGY, 39 55 72 78

-AGy 13,0 11,0 9,0 5,2
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Puc. 3. M3oTepma copOrum Boast NEt," dopmoit HoHHTa 13 Ta30BOH (a3l n coaepkaHue B HOHNTE THAPATHOH
¥ CBOOO/IHOM BOJIBI (IIYHKTHP U IITPUX-TTYHKTUP). TOUKN — IKCIIEPUMEHTAIbHBIC JAHHBIC; CIIJIOIIHAS THHUS —
o01iee KOIMYECTBO MOINIOIEeHHOM Boabl (pacueT o MIIT ¢ mapamerpamu B Tabnuue (p,, = 1))

Fig. 3. Isotherm of water vapor sorption by NEt," ionic form of the ion exchanger from the gas phase and the content
of hydrated and free water in the ion exchanger (dotted and dash-dotted lines). Points — experimental data; solid line —
total amount of absorbed water (calculated by PHM with parameters in table 1 (p,, = 1))

JUist corylacoBaHusl TEOPETHUYECKH PACCUMTAHHON U 3KCIEPUMEHTAIBHON M30TEPM COPOLIMU BOJIBI
HEOOXOAMMO JOIMYCTUTh, YTO B HOHUTE 00pa3yeTcsl He MEHEee YeThIpeX MPEeUMYILECTBEHHbIX I'HIPaTOB,
caMblil MaJICHBKUH ¥ IPOYHBIN U3 KOTOPBIX CONEPKHUT TPH MOJIEKYJIbI BOJAbI. DTH TUAPATHI HE SBJISIOT-
Cs1 KOHTAKTHBIMH accolaraMu. BeposTHo, UX napamMeTpsl cliefyeT cuuTaTh 3(Q(OEeKTUBHBIMU BEJINYH-
HaMH, OTPAXKAIOMIMMHU U3MEHEHNE OPHEHTAINH MOJIEKYJ BOJBI MO/ IEHCTBHUEM 3JIEKTPHUECKOTO TTOJIS
MOJIMAJICKTPOIIUTA HAa OONBIINX paccTOSHUSIX. HeoOX0MMMOCTh yueTa B SSBHOM BHUJIC CYIIECTBOBaHUS
ONM3KHX MO0 COCTaBY KPYIHBIX THPATOB C MaJICHbKUMH M OJU3KUMH CBOOOJIHBIMH DHEPTUSMHU 00pa-
30BaHUS, BEPOSATHO, CBSI3aHA C IOJIMAJIEKTPOIUTHBIM 3(p(PeKToM MpakTHUeCKH HENpepbIBHOTO JIEK-
TPUYECKOTO MOJIs MOJIMAaHUOHA, HE TIPUBOMSILETO K 00pa30BaHUIO MPSMBIX CBS3eH aHMOHHBIX TPYIII
¢ KaTHOHaMU. BeposTHO, ¢ 3TUM U CBS3aHO aHOMaJIBHO BBICOKOE Ha0yXaHue KaTHOHUTA B (JopMe HOHOB
TETPadTUIAMMOHHUS. MEXNOHHBIE B3aUMOJIEHCTBUSA U THpaTalisl HOHOB — KOHKYPHUPYIOLIUE MpoLec-
CBbl ¥ TIO3TOMY cJlabasi rupaTanus TeTPasTUIAMMOHUS HE MPESITCTBYET CHIIBHON THApaTalluy THAPO-
(MIIBHBIX KapOOKCHJIATHBIX I'PYII HOHUTA, BCTPAUBAIOLINXCS B CTPYKTYPY BOABI 0€3 €€ CyIIeCTBEHHO-
IO HapyUICHHUS.

3akaoueHue. ['unparanus HOHOB B MOHUTE M MEXKHOHHOE B3aHMMOJCHCTBHE SIBIISIIOTCS KOHKY PHU-
PYIOIIMMH IIPOLIECCAMH.

AHOMasnbHO HU3KOe HabyXaHHe KapOOKCHIBHOIO KaTHOHUTA B (popme ruapoduibHoro nona NH,"
BBI3BAHO 00pa30BaHUEM MIPOYHON CBS3M KapOOKCHIIATHOTO aHMOHA C aMMOHHUEM CO 3HAUYHUTEIBHOU J10-
Jield KOBAJICHTHOCTH 32 CUET HAJOXKEHHS KYJIOHOBCKOT'O B3aMMOJICHCTBHSI MOHOB M OOpa3oBaHHS BO-
JOPOIHOM CBSA3HM MEXKIY HUMHU. DTO OCJIA0JISET ero B3auMOICHCTBHE C MOJIEKYJIaMU BOABI (THIpaTaLIHs)
Y IPUBOJIUT K YMEHBILIEHUIO KOJIMUYECTBA OCMOTHYECKH aKTUBHBIX HOHOB B HOHHUTE, YTO B COBOKYITHOCTH
MPUBOAMT K MOJABJICHUIO HAOyXaHUsl HOHUTA.

AHOMaNbHO BBICOKOE Ha0yXaHue HOHUTA B (JOpPME HOHA TETPAITUIAMMOHUS BBI3BAHO OTCYTCTBHEM
CHJIBHOTO B3aWMOJCHCTBHUS MEXKIY dTUMU KaTHOHAMHU U KapOOKCHIIATHBIMU TPYNIaMH U3-32 HEBO3-
MOXKHOCTHU UX COJIMIKEHHS 110 CTEPUUYECKUM ITpUYMHaM. Bbicokoe HaOyxaHue HOHHUTA BBI3BAHO OTCYTCT-
BUEM OJIOKMPOBKHU THAPOPHUIBHBIX KapOOKCHIJIATHBIX IPYII HOHHUTA BOAOPOAHBIMU CBS3SIMHU C KaTHO-
HoM. Karnon NEt," He co3/taeT npensTCTBUA I MX B3aUMOJEHCTBHS ¢ MOJIEKYJIaMHU BOJIBL.

Matpuna HOHUTA, SBIISIIOIIETOCA IIPUBUTBIM COMIOTUMEPOM MOJIHUAKPUIIOBOM KMCIOTHI U MOJIAIIPO-
MHJIeHAa, HE COJIEPXKUT KPOCC-areHTa M He CO3JaeT MPOCTPAHCTBEHHOTO OTPaHUYEHUS JJISI BBICOKOTO
HaOyxaHust HOHUTA. DPPEKT aHOMAILHO BHICOKOTO HAaOyXaHUsI MOXKET HE MPOSBIISITHCS ST HOHUTOB
C BBICOKOM CE€TYATOCTBIO U JKECTKOW MaTpUIIEH.
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