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B. H. BYJIABHUH, H. H. BbIOHHHUK, A. B. KPAMAPEHKO, A. U. PYCUHOB, B. A MUHAKOB

BJINKHSISI COJIbBATALIMSI MOHOB TETPAAJIKUJIAMMOHUS B STUJIEHT JIMKOJIE
U B BOJIE

Koadduuuentsr qudpdysun 1 Mukpockonundeckre xapakrepuctuku 1mesl (d ), Bpemeru (t) u ckopoctd audpdysnoHHoro cmenienus (apeiida)
noHoB Terpaankunammonus (TAA) (MesN*, EtyN*, Pr,N*, BusN*, Pe;N*) B stunenrnukone (3T') u B Bone npu temneparype 298,15 K paccuurans u3
JIUTEPaTypPHBIX JAHHBIX MO MPEAENbHON MOISIPHOU DJIEKTPUYECKON MPOBOJMMOCTH JTHX HOHOB. Ha OCHOBaHMM aHanM3a MOJIyYCHHBIX PacUeTHBIX

JTAHHBIX YCTAHOBJICHO, 4TO BeanunHa O it moHOB TAA B STHJICHINIMKOJIE H B BOJE 3aBHCHT OT CTPYKTYPHOTO paguyca HOHA U OT PaCTBOPHUTEISL.
JIns yKa3aHHBIX BBIIIE HOHOB ITapaMeTp d B DT MeHbIIE, 4eM B BOJIE, UTO CBHUJIETENBCTBYET O OoJiee CYIIEeCTBEHHOM TOpMO3siieM BiausHuu O Ha
npeii noHoB TAA 10 CpaBHEHHIO ¢ BOAOU. Y CTaHOBIEHA KOPPEILIUS MEXTy 3HAKOM OTKIOHEHUS AIMHBI AUCKPETHOTO AU((Y3HOHHOTO CMEIIEHUS
d or CTPYKTYpHOro paauyca uoHa (Ij) B Buue ( d- ) ¥ cojbBaTUpyeMOCTbi0 HOHOB 1o CamoiinoBy. [Ipu 3HaueHusXx mnapamerpa d,

HPEBBILIAIOIMX KpHCTanorpaduyeckuii (CTPYKTypHBIi) paanyc HOHa, IIOCIEIHNH COIbBATUPOBAH MOJIOXUTEIbHO. Eciy jxe BennunHa d menbue

KpUcTauorpa4eckoro pajmyca MOHA, TO HaOIIOJAaeTCs OTpHIATeNbHas coibBarauus. CyIIHOCTb SIBICHHS OTPULATEIBHON COJBBATALUM IO
CaMOIOBY 3aKJIIOHAETCSl B TOM, YTO CBSI3UM MOH-MOJIEKYJIa pacTBOpUTENs ciiabee CBA3EHl MOJISKYJ pacTBOPHUTENS MEXIY cOoOOM. YCTaHOBJIECHHAS

HAMH KOppe/silus MeXay 3HakoMm oTkiaonenust (d —ri ) ot 3akoHa Crokca-DiHiuTeiiHa W OmmKHEH compBaTaimeid HOHOB mo CaMoOWMIOBY B
PacTBOPUTEISIX C IPOCTPAHCTBEHHOU ceTkoi H-cBsseit (OI', Boma) cBUIETENBCTBYET O TOM, 4TO I y3Hsl HOHOB CBsI3aHA ¢ OIIDKHE colbBaTaryei,
a mapamerp d sBisiercss e€ KOJMYECTBEHHOW XapaKTEPUCTHKOM, T.. B KaueCTBE Mepbl OJMKHEW CONbBAaTAllid HMOHOB HAMH MPEUIaracrtcs
oTKIIOHEeHHe OoT 3akoHa Crokca-DiiniuTeiina (d — r; ). s ucciaenoBaHHbIX HOHOB mapamerp (d — I) B BOJe HMEET MOJIOKHUTEIbHBIC 3HAUCHHS, a B
Or orpuuarenbHoe 3HadeHue mapamerpa (d — rj) HabMomaeTest TONBKO ISl HOHA MeyN*, uto CBUJICTEJILCTBYET O €r0 OTPULATENILHOM COJIbBATALIUH.
IMTapamerp T B OI' npeBBIIaeT Te ke 3HAUCHUS B BoJe B 9-14 pa3, 4To CBUIETENBCTBYET 0 TopMo3sieM dddekre npeiida nonos TAA, BEI3BaHHOTO

TaKXKe BIUSHUEM BS3KOCTU pacTBoputens. CKOPOCTh e TPaHCISIIMOHHOro cMeleHns nonoB TAA B Boze Bbiie, uem B O B 6 - 12 pas.
KiioueBble cJ10Ba: HOHBI TeTpaalKuIaMMOHus, 1uddy3us, sneKTpuuecKas MpoBOAUMOCTb, paauyc CToKca, OTpUIIATEbHAs CObBATALUS

B. 1. BYJIABIH, 1. M. B’FOHHUK, A.. B. KPAMAPEHKO, O. I. PYCHHOB, B. 0. MIHAKOB

BJNXHSA COJBbBATANLISA IOHIB TETPAAJIKIIAMMOHIIO B ETUJIEHIJIIKOJII 1Y BOAI
Koedimientn audysii 1 MIKPOCKOIMYHI XapaKTEPHCTHKH JIOBKHHU (d_), gacy (t) i mBuakocTi audysiitHoro 3mimenus (apeiidy) ionis

Terpaaskinammonito (TAA) (MesN*, EtyN*, Pr,N*, BusN*, PesN*) B erunenrnikoni (ET) i B Bomi mpu Temmepatypi 298,15 K pospaxosani 3
JITEPAaTYPHUX JAHMUX IIOJ0 TPAHMYHOI MOJSIPHOI €IEeKTPUYHOI MPOBIAHOCTI IMX i0HIB. Ha mifgcraBi aHami3y OTpHUMaHMX PO3PaXyHKOBHX HaHUX

BCTaHOBJEHO, 110 Bemmunna 0 st ioHiB TAA B eTHIEHITKOM 1 B BOMi 3aleXHTh Bifl CTPYKTYpHOro pajiyca ioHa i Bim pozumnnuka. J{is
3a3HadYeHNX BuIe ioHiB mapamerp B EI' MeHmre, HixX y BOJi, 0 CBiMUUTH Mpo OinmbII icToTHMI rameMmiBHME Brme EI' Ha npeiid ionis TAA B
HOPIBHSHHI 3 BO/I010. BCTaHOBIEHO KOPEIIALiI0 MiXK 3HAKOM BiIXMJICHHS JIOBXKHHHU JUCKPETHOro Audy3ifiHOro 3MillleHHs BiJ CTPYKTYpHOTO pajiyca

ioHa (ri) y Buraani (d —1T;) i conpBatoBanicTio ioHiB mo CamoiinoBy. [Ipu 3HAYEHHsSIX MapameTpa d IO TEPEeBUIIYIOTh KpHcTagorpadignuii
(CTpYKTYpHHIT) pajiyc i0OHa, OCTaHHIH COJbBATOBAaH IO3HTHBHO. SIKINO > BEIMYMHA d menme KpucTanorpadiyHoro paxiyca ioHa, ToO
CIIOCTEpIracThesl HeraTHBHA coibBaramis. CyTHICTH sSBHINA HeraTHBHOI cosbBatarii mo CaMOWIOBY moisirac B TOMY, IIO 3B’SI3KH 10H-MOJIEKYJa

pO3uMHHKKA CiabKimre 3B’s3KiB MOJISKYJI PO3YMHHHKA MK c000r0. BecraHoBieHa Hamu Kopewsimisi MiX 3HakoM BigxuieHHst (d —rj) Bix 3akoHy
Crokca-EiiHimTeliHa i OkKHBOI cobBaTallieto ioHiB 1o CaMOIIIOBY B PO3UMHHUKAX 3 MPOCTOPOBOIO ciTkoto H-38’sa3kiB (EI', Boaa) cBiquuTh MpoO TE,
mo audysis i0HIB MOB’s3aHa 3 OMIKHBOIO CONbBATAlli€lo, a mapameTp O € il KUTbKICHOI XapaKTePHUCTHKOI0, TOOTO y SIKOCTI MIpH OIHKHBOL
cobBaTallii i0HIB HaMH MPOMOHYETHCS BiaxuiieHHs Bij 3akony Crokca-Einmreiina( d — rj). Jlust nocnimkenux ionis mapamerp (d —ri) y Boai Mae
MO3UTHBHE 3HaueHHs, a B Bl Bin emHe 3Hadyenns napametpa (d — Ii) criocTepiraeTbest Tilbku 1tst iona MesN*, mio cBiguuts mpo Horo HeraTwBHY
conpBarauito. Ilapamerp 7 B EI' mepeBuurye Ti >x 3HaueHHs B Boxai B 9-14 pasiB, 0 CBiMUMTH Mpo TaneMiBHUH edekT apeldy ioHiB TAA,

BUKJINKAHOTO TAaKOX BIUTMBOM B’SI3K0CTi po3unHHMKA. IIIBHIKICTH e TpaHcsamiitHoro 3mimenHs ioniB TAA B Bozi Bume, Hix B EI' B 6-12 pasis.
KutiouoBi cjioBa: ioHH TeTpaakinaMMoHio, Judysisi, enekTpiudHa mpoBiaHicTs, pagiyc CTokca, HeraTHBHA COJbBATALis.

V. 1. BULAVIN, I.N. VYUNNIK, A. V. KRAMARENKO, A. I. RUSINOV, V. A. MINAKOV

NEAR SOLVATION OF TETRAALKYLAMMON IONS IN ETHYLENE GLYCOL AND IN WATER

Diffusion coefficients and microscopic characteristics of the length (c_i ), time (t), and the rate of diffusion shift (drift) of tetraalkylammonium ions
(TAA) (MesN*, EtyN*, PryN*, BusN*, Pe;N*) in ethylene glycol (EG) and in water at temperature 298.15 K are calculated from literature data on the
limiting molar electrical conductivity of these ions. From analysis of the calculated data, it was found that the value for TAA ions in ethylene glycol

and in water depends on the structural radius of the ion and on the solvent. For the above ions, the d parameter in the EG is less than in water, which
indicates a more significant inhibitory effect of the EG on the drift of TAA ions compared to water. A correlation was established between the sign of

the deviation of the length of the discrete diffusion displacement from the structural radius of the ion (r;) in the form of (a —r;) and the solvability of

ions according to Samoilov. When d parameter exceeds the crystallographic (structural) radius of the ion, the latter is positively solvated. If d value
is less than the crystallographic radius of the ion, negative solvation is observed. The essence of the phenomenon of negative solvation according to
Samoilov is that the ion-molecule bonds of the solvent are weaker than the bonds of the solvent molecules to each other. Our correlation between the

deviation sign (a —r;) from the Stokes — Einstein law and the short-range solvation of ions according to Samoilov in solvents with a spatial network
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of H-bonds (EG, water) indicates that ion diffusion is associated with short-range solvation, and the parameter is its quantitative characteristic, i.e. we
propose a deviation from the Stokes-Einstein law (d — r;) as a measure of the near solvation of ions. For the ions studied, the parameter (d —r;) has

positive values, and in the EG a negative value of the parameter (d —r;) is observed only for the Me;N* ion, which indicates its negative solvation.
The parameter 1 in the EG exceeds the same values in water by 9-14 times, which indicates the inhibitory effect of the drift of TAA ions, also caused
by the influence of solvent viscosity. The rate of translational displacement of TAA ions in water is 6-12 times higher than in the EG.

Key words: tetraalkylammonium ions, diffusion, electric conductivity, Stokes radius, negative solvation.

Wonnl Terpaankunammonus (TAA) R4N' maxomsr
LIMPOKOE NPHMEHEHHE B Pa3JIMuHBbIX O00JIACTAX XHUMMHU,
HarmpuMmep, B MeX(}a3HOM KaTaiuse, B KaueCcTBEe T'MIpO-
(OOHBIX KAaTHOHOB, HCHOJNB3YEMBIX JUI OCAKICHUS
O6ompmmx aHWOHOB W Ap. CBoiicTBa HM3OIMPOBAHHBIX
nonos [H(CH,),]4sN'(r), T.e. B uneansHoit razoBoii dase,
N3MEHSETCS JMHEHHO C YHCIOM N aTOMOB YIJepoaa B
YTJIEBOJOPOAHBIX [IETIOYKAaX 3THX KATHOHOB.

B pactBOopax Takas JMHEHHas 3aBUCUMOCTb HE
Bcerga coOmojaercsd, 4YTO, MO-BUIUMOMY, BBI3BAHO
BJIMSIHHEM PACTBOPHUTEIISI HA TIOBECHIE 3THX HOHOB. [1]

CBoiicTBa pacTBOPOB 3JIEKTPOIUTOB B 3HAUMUTENb-
HOM Mepe cBsizaHbl C conbBaTanuei [2]. Mcmomnb3ys
MPEACTaBICHUS O COJbBATAIlMM MOXKHO OOBSCHHUTH
MHOTHE CBOWCTBAa MOHOB, HaIpuUMep, TOABHKHOCTb,
mudPy3uro 1 T.11.

Junamuka OmpkalmInx K MOHY MOJIEKYJ PacTBOpH-
Tesst B OECKOHEYHO pa30aBICHHBIX PACTBOPAX OIpPEAEIIs-
ercsi [3] KOpOTKOACHCTBYIOLIMMH HOH-MOJICKYJISIPHBIMU
(1-M) u mexxmonexymspasiMi (M-M) B3auMOICHCTBUAMHE
cnernuduyeckoro xapakrepa (H-cBa3p, moHOpHO-akuemn-
TOpPHOE B3auMOJIeicTBHE U T.11.). [locnennue onpeaenstor
TPAHCHOPTHBIE CBONCTBA PAacTBOPOB  3JIEKTPOIUTOB,
MOIUMUIMPYIOT  CTPYKTYpy pactBoputens [3] u
CYIIIECTBEHHO 3aBHUCAT OT HpUpoAbl HMoHa [4] (pa3mep,
JNEKTPOHHOE CTPOEHHE) M OT THUIAa MEXMOJEKYJISIPHOTO
B3aumozeiicteus (MMB) B pactBopurene. Ilo BimstHHIO
Ha CTpYKTypy pactBopurens CamoinioB [3] pazapenui
WOHBI Ha JIBE TPYIIBI:

WOHBI C TIOJIOKUTEJILHOM CONbBaTalneH

(AE, =E; - E»>0, Ti/‘E >1),

WOHBI C OTPUIIATENILHOM CONbBaTaluen

(AE| = El - E2<O, Ti/’f <1)

3necs E; — sHeprus akTHBaIMM TPaHCIALHUOHHOTO
JIBIDKEHUSI MOJIEKYJ PACTBOPHUTEISI B YHCTOM pacTBO-
purene; E, — Ta xe 3Heprus, HeoOXoauMas MOJEKYJIe
pacTBOPHUTENSI TS BHIXOIa U3 OIIKaiero okpykeHus i-
ro MOHa; T — cpeHee BpeMs NpeObIBaHUS BO BPEMEHHOM
TIOJIO)KEHUN PAaBHOBECHS MOJIEKYJIBI PACTBOPUTENS B
pacTBOpuTeNne; U Ty — TO XKE BpeMs IS MOJEKYI
pacTBopHTeNsl ONKKAIIEro OKpY)XeHHUs i-T0 HOHA.

K mnepBoii rpynme OTHOCATCS HOHBI-CTPYKTYpPO-
oOpazoBareny, a KO BTOpOH — e€ paspymmrenu. VoHsl
NepBOH TPYINIIBI TOHMXKAIOT —IIOJIBM)KHOCTD  MOJIEKYJT
pacTtBopuTens, a BTOpOi — moBsImaiT e€. CymnHocTh
SIBIIEHUST OTPUTIATENILHOM conbBaTaruu o CamoisoBy [3]
3aKJII0YAaeTCsl B TOM, YTO CBSI3M HOH-MOJIEKyna ciabee
cBs3eil MoJiekyna-Moiekyia. OUueBUIHBIM SIBISIETCS B TOT
(akT, YTO TOABWXHOCTH HOHA, KaK W JAPYTHE €ro
CBOICTBa, B 3HAYUTEIHLHON Mepe ONpeeIITIoTCs OIKHEN
conpBaTanueil. CymecTByeT MHEHHE [6-8], uTO IpU4HHON
OTPHIIATEIHON COJbBATAllMM MOHOB SIBJISAETCS HaJIW4He
MPOCTPaHCTBEHHOM ceTku H-cBA3el y pacTBopuTens,
00yCJIOBIIMBAIOIIEH €r0  MOJICKYJIIPHYIO  CTPYKTYpY.
CHOXHOCTb ONHCAaHUS CTPYKTYphl pAacTBOpUTENsS C

NIPOCTPAaHCTBEHHON ceTkod H-cBa3sell u  pacTBOpoOB
9JIEKTPOJIMTOB B HEM OOYCJIOBJIMBAETCS LEIBIM DPSIOM
cnenupuieckux ocobenHocteir H-cessm  [7-8] kak
o011ero xapakrepa, Tak ¥ WHIUBHIYAJIBHBIX JUIS OTAECNb-
Horo pactBoputens. Ilox BIMSHHMEM TETJIOBOTO IBHXKE-
HUsT H-CBSI3M HENpephIBHO pPa3phIBAIOTCS M BHOBB
00pa3yroTcst, uTo 00yCIOBIMBAaEeT 00pa30BaHHE ITWHAMH-
YECKH U3MEHUUBOH CTPYKTYPHI.

C menpt0 MpoBepkH mpemiokeHHsIx B [9, 10]
KPUTEPHEB OTHECEHUS HOHOB K OIPEJCICHHOMY THILY
COJIbBATAllMH MPEICTABISIETCS MHTEPECHBIM OINpPEIeIUTh
MHUKPOCKOIIMYECKHE XapaKTePUCTUKU TPAHCIALHUOHHOTO
cvmemeanss (MXTC) ans moHoB TAA B 3THUIICHIVIMKOJIE
(3I). Ilpu BEIOOpPE pacTBOpUTENS NPUHUMATH BO BHUMA-
HHe Hamuuue y Ol mpocTpaHcTBeHHOM ceTku H-cBsazei
[6, 11], a Tarke (akT SKCHIEPUMEHTAIBLHOTO yCTAHOBIIC-
HUSI B HEM OTPHIIATENbHOM conbBaTaiuu [12—14].

B macrosmieit pabote mo maHueM o [IMOII moHOB
(1Y) 6pi1 paccumran kodpdunmenT muddysun D?
noHos TAA Me,N*, Et,N*, Pr,N*, Bu,N*, Pe,N" B 3T u B
Boge npu 298,15 K. Pacuer Di0 MPOU3BOIMIM IO
ypaBHeHHI0 HepHcTa-OiinmmreitHa (1):

o_ RT .o

ALY o
j2]F*

1

JnuHy TpaHCIALMOHHOTIO CMEIICHUS d monos TAA
B Ol paccunthiBaimu 1o ypaBHeHH0 CTokca- DifHIITEHHA
(2):

KT

47[Di0no

B ypauenusix (1) m (2) T — rtemmeparypa, R —
MOJISIpHAsi Ta30Basi MOCTOsIHHAs, K — mocTosiHHas Bosbir-
MaHa, Zj — 3apsjg woHa, F — uucimo dapanes. Heo6xo-
JUMBIe JUId pacdera o ypaBHeHUsM (1) u (2) Benmu4uHBI

7\,? u Mo B OI 1 B Boge B3sTHI U3 [4], [9], [14-15].

OLIeHKY XapaKTepHOr0 BPEMEHH TPaHCISILUOHHOTO
cMmenieHus (npeiida) MoHa (T) HAXOIWIM HO YpaBHEHHIO

3):

d= )

F

T=—v".

0

4D,

Jemenmem dHa Tt ObUla MONydYeHA BEIHMYMHA

ckopoctd (V) TpaHCIALMOHHOTO CMENICHHS HOHOB IO
ypaBHeHHIO (4):

©)

: (4)

MpeICTaBICHBI

Ao

B Tabm. 1
BEJTUYHH Di°, d, T u V onHo3apsiaHbix woHOB B O npu

pe3yapTaTtel  pacdera

298,15 K. Tam e mpuBeneHs! paguycsl TAA noHOB (I)
[16], BeauuuHBI k?, a TaKKe 3HAYCHHUSA O00O0OIICHHOTO
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MOMEHTa HOHOB (m{’ 6) [17], xapakrepu3syoliue CHUIIbI

ANIEKTPOCTATUYECKOTO B3aMMOJICUCTBUSI B HOH-MOJICKY-
JSIpHBIX cucTeMax. [locieqHue paccUUTHIBAIM IO ypaB-
HeHuio (5) (e — 3apsa amekTpona) [17]:
z|e
06 __ | i
po= (®)
I

m

[IpuBnekaTenbHOCTH HCTIONIb30BAHUSA 3aKOHa
Croxkca-Oiinmreiina (3C-2) 11 onucaHus MOABUKHOCTU
HOHOB B PacTBOpax CBsI3aHA CO 3HAYUTEJILHBIM BIUSHUEM
Ha IMOCJIETHIOIO BSI3KOCTH pacTBoputena. OQHaKo, aHalo-
rus JBWOKeHHs TBEpHOW cdepbl B BA3KOH cpexe
(KOHTHHYYME) U HOHOB OKa3bIBaEeTCsl BEChbMa MPUOIIHIKECH-
HoW. TeM He MeHee B psifie cllydaeB MOJAENb MPUBOAUT K
MPaBWIBHBIM BBIBOAAM. CIydad HEBBINOJHEHUS 3aKOHA
Crokca-DiHmTelHa, kak u3BectHo [10, 18], B HanboJIb-
meld cTemeHn HAOMIOJArOTCsT B MPOTOJUTHYECKHX
pacTBOPUTEINSIX C MPOCTPAHCTBEHHOH ceTkoi H-cBsizeil, B
TOM 4Hcie u dTrieHrmkone (3I).

Jlo ycraHoBneHus siBieHHs ruapogoOHOi ruapara-
uuu cuutanoch [18,19], uto 3akoHa Crokca-DHHIITEHA
KayeCTBEHHO BEPHO BBHINONHSIETCS JHIIb I HOHOB C
MaJiol TJIOTHOCTRIO 3apsima (MoHbl TAA, BPhy u T.mm.),
TOPMOKEHHE KOTOPHIX OCYIIECTBIIAIOCH TOJNBKO BA3KUM
pacTBOpUTENIEM.

ITocie BBCJACHHUSA TUAPOAMHAMHUYCCKUX («CTOKCOB-

CKHUX») PaJnycoB (6) BO3MOYKHOCTH THIPOJWHAMHUKH
PacTIpOCTpaHWIN ¥ Ha HOHBI C OONBIION IUIOTHOCTBHIO
3apsia d>r wm (afri) >0, rae I — CTPYKTYpHBIA
pammyc wona. Ilpm >TOM yBeIMUYEHHE «CTOKCOBCKHX)
pagMycoB MO CpPaBHEHHIO CO CTPYKTypHBIMH  (I})
00BsICHAIM 00pa3oBaHMEM BO3JIE€ HOHOB COJBBATHBIX
o6onouex [20], A1 XapaKTePUCTHKHA KOTOPBIX MCIIOIb30-
BaJIOCh MOHSTHE TOJIIKUHBI COJEBATHOM 00OJIOUKH B BUIE

( d- r)>0. OxHako, B KOHICMIUIO «CTOKCOBCKHUX)»
paauycoB HE BIUCBHIBAIUCH MOHBI CPEJHUX Pa3MEpPOB C
OTHOCHTEIIFHO HU3KOH TNIOTHOCTBIO 3apsijia, s KOTOPBIX
d < i A (Efri) < 0. Hepenxo MOHBI, A1 KOTOPBIX
( d- r) <0 ocraBajguch BHE BHUMAHHUS HCCIEIOBATENEH,
MOCKOJIbKY TIOHSITHE «CTOKCOBCKHUI» paauyc A HHUX
HUYEro OOIIETO HE WUMENO C JCUCTBUTENBHBIMU Painy-
CcaMH, a IMOHSATHE TOJIIUHLI CONLBATHON O0OJIOYKH HOHA
ObUTO JUINEHO (hU3MYECKOrO cMbIicia. [locie mpoBeacH-
HOT'O TTyOOKOrO aHaln3a Pe3yIbTaTOB MHOTOYHCICHHBIX
HCCIICIOBAHMNA, TMOCBANICHHBIX 3TOH mpobieme, Mapkyc
[20], npumien x BBIBOZY, YTO KOHLEMUUS «CTOKCOBCKUX»
paanycoB IWIIeHa (QU3MYECKOro CMBICHIA, Oecrone3Ha u
JOJDKHA OBITH TIEPECMOTpEHA.

Tabmuma 1 — XapakTepHCTHKY HOHOB TETPAAIKIIAMMOHMS B STHIICHIJIMKOJIE ¥ Boje pu 298,15 K

gi Howu ri-10%, mioﬁ 10%, 7‘? 10%, Di0 10° | d; -10%, (ai —r;)- 10%°, T 10", Vi'_
puc. M Ki/m Cvm-m2momp | p2.ct M M c M-c
DTHIEHTINKOJIb
1 Me,N* 2,80 0,57 2,80 0,074 2,62 -0,18 0,94 155 1,69
2 Et,N* 3,37 0,48 2,14 0,057 3,40 0,03 1,01 338 1,01
3 Pr,N* 3,79 0,42 1,74 0,046 4,21 0,42 1,11 642 0,66
4 Bu,N* 4,13 0,39 1,48 0,039 4,92 0,79 1,19 1034 0,48
5 Pe,N* 4,43 0,36 1,12 0,030 6,48 2,05 1,46 2333 0,28
Bona
1 Me,N* 2,80 0,57 44,90 1,20 3,06 0,26 1,09 13 23,5
2 Et,N* 3,37 0,48 32,70 0,87 4,22 0,85 1,25 34 12,4
3 Pr,N* 3,79 0,42 23,40 0,62 5,88 2,09 1,55 93 6,33
4 Bu,N* 4,13 0,39 19,34 0,52 7,13 3,00 1,73 163 4,38
5 Pe,N* 4,43 0,36 17,40 0,46 7,92 3,49 1,79 227 3,48

IIpoBeneHHoe ke HaMM uccienoBaHue [9] Ha mpu-
Mepe BOJHBIX PAaCTBOPOB OAHO3APSIHBIX HOHOB Pa3jivy-
HOM npuUpObl MOKA3a10, YTO UMEHHO UOHBI, AJIS1 KOTOPBIX

d<r wm (H— r) < 0 SIBJSIOTCS OTPULATEIBHO COJbBa-
TUPOBaHHBIMU. Hall moaXoa K yCTaHOBIIEHHIO BIIUSTHUS
HOHOB Ha TMOJBIKHOCTH MOJEKYJT pacTBOpUTENEH ¢
IIPOCTPAHCTBEHHON ceTkoi H-cBsi3eli ocHOBaH Ha
9KCIEPUMEHTAIBHO YCTAHOBJIEHHOM (haKTe OTKIOHEHHUS
or 3akoHa Crokca-DifHmTetHa. B KagecTBe MepHI
OMKHEH coJTbBAaTaIl MOHOB HAMU IpeajiaraeTcs OTKIIO-

Henue ot 3akoHa Crokca-Dunmrreitna (d — ;). Benuunna
d Bcerna moyoXuTeNnbHA, a €€ N3MEHEHHE OTHOCHTEIBEHO
MOBEJCHUSA HOHA B  KOHTUHYyME€, OIHCBIBaeMOE
CTPYKTYPHBIM PaIlyCoM [, SIBISAETCS 3HAKOIIEPEMEHHBIM.

PaccunteiBaemblii 1o 3akoHy Crokca-DWHIITEHHA

mapameTp 0 COMOCTaBISUIN CO CTPYKTYPHBIM PagiyCcoM

HOHa. Cnez[yeT 06paTI/ITB BHUMaHUE Ha TO, 4YTO I HE
HCIOJIB3YETCA B pacqéTax MUKPOCKOIMUYECKUX XapaKTe-

PUCTUK TPAHCISALMOHHOTO CMEIICHUS (H, 1, V). Cnenys
[20], cTpykTypHBII paguyc HOHA pacCMaTPUBAIN KaK €ro
«HEOTBHEMJIEMOE» U «HEM3MEHHOE» CBOWCTBO, Kak
XapaKTePUCTUKY, KOTOpash KOJIWYECTBEHHO YYHUTHIBAET
MOBEICHUE NOHA B KOHTUHYAJbHOM MPUOIKSHHUH.
Okazayochk, 4To JjIsl O0NBIIMHCTBA cirydaeB B Ol 1 B
Boge 3akoH Crokca-OHHINTENHA HE  BBIINOIHAETCS
(mapametp d>r wm d< r) KpoMe TeX, Ui KOTOPBIX
YCTaHOBJIEHO SIBJIEHHE TIepexoAa OT OTpULATEIbHON
COJIbBATAllMU K TOJOXKUTENbHOH (AE; =0, (H—ri )= 0,

d =r;). YunteBas akt HeBeImonHeHUS 3akoHa CTOKCa-
OiHmTetHa 178 OONBIIMHCTBA HOH-MOJICKYJISIPHBIX
cucteM ® BeIBOABI Mapkyca [20] KOHIENIHS «CTOKCOB-

CKoro» pammyca 3ameHeHa Hamu [9,10] Ha mMHY
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TPAaHCIAIHUOHHOTO CMCUICHUA d , 4 TOJIIIUHBI COJILBATHOM

obomouku (d — rj) > 0 Ha oTKIIOHEHHE OT 3akoHa CToKca-
OiHmTeliHa. 3aMeTHM, YTO BEJIMYHMHA OLIEHHBAEMOIO

mapamerpa d, Takke Kak M T, W V, He 3aBHCAT OT
MexaHn3Ma Juddys3un (MPDKKOBEINH HIIH APEH(OBBIH).
Jns  oObscHeHUs BBIOOpa pa3sHOCTH (a—l’i) B
Ka4yecTBE MephI BIMSHUS HOHA HA MOABHXHOCTH MOJICKYJI
pactBopuTens  Omwkaidimero okpyxkeHus  (OJvKHEH
cojipBatanuy) npencraBuM koadohunuent tpenus (KT) B
BU/IE CYMMBI €r0 COCTaBJIIOMNX. [IOMBITKM HCTIONB30-
Banua KT 1 aHanu3a BIMSHMS Ha DJIEKTPUYECKYIO
IIPOBOANMOCTD MpeANPUHIMAIUCh HEOJHOKPAaTHO
[21,22]. Crnenys 3a Bommuecom [23,24] mpencraBum
obumii KT (&) Kak CcyMMy JBYX COCTaBJISIOLIMX:

BA3KOCTHOTO (G, . ) M aTTPAKIUOHHOTO (G, )
G= GBSBK + gaT ’ (6)

Baskoctapiii KT B mepBoM mpHONMKEHHUHN OIHAIIEM
ypaBHeHHeM CTokca-ODWHIITEHHA:

gB}BK = fri'l’]o., (7)
rae koddduienT f paBeH Mg THAPOIMHAMUIECKUX
yCIoBHiA: mpuinnanug (67), cKonbxeHus (4m).

O6mmit KT  Belpazum  uepe3 k03 GHUIUECHT
nuddy3uu noHa ( Di0 ):
KT =
c= F =f dT]O . (8)

VpagHeHue (6) NEpENUIIEM OTHOCHTENBHO G,

S =6 M, 9
ITocne moxncranoBkM B ypaBHeHHe (9) omHOrO U3
3HaueHMU G U3 ypaBHEHUs (8) mosrydum:

KT
gaT = D_Io - fr.no ' (10)
3amenuB B ypaBHeHuu (10) mepBeIi uiIeH

9KBUBAJICHTHON BEIHMYUHON faqo COTJIACHO YpPaBHEHHIO
(8), momyanm:

S = fdn, — frmy = f(d —f)n,. (11)
B koapduruente aTTpaKUMOHHOrO TpeHMS G,

oTpaxkaeTcss MHPOpPMAIUsl OTHOCHUTEBHO BIWSHUS HOHA
Ha pacTBOPHUTENIb, KPOME TOW, KOTOpas OIHCHIBAETCS
3akoHOM CTokca-DiHImTeHA. B 00mem koaddunnente
TpeHus G CoAepKUTCcs MH(pOpMalMs O BIUSIHUM HOHA Ha
pacTBOPHTEb, T.€. O OJIM)KHEH CONbBATALNH.

Paznocte (d—rj) ciaemyer ©3 pa3sHOCTH MEKIY
o0mumM 51 BSI3KOCTHBIM KT, COOTBETCTBEHHO
xapaktepuszyembix mapametpamu d u r;. [lapamerp d
paccmaTtpuBaeTcss HaMu [9] Kak MHUKPOCKOTHMYECKas
XapaKTepUCTUKA JUIMHBI ~ HEKOTOPOTO  JAWCKPETHOTO
CMEUIeHHs, KOTOPYI0 HOH IMPOXOJUT 3a XapaKTepHOe
BpeMst (T) MEXIy JIBYMs pPaBHOBECHBIMHU ITOJIOKCHHUSMH.

Benvunna d 3aBucur ot CTPYKTYPHOTO paJnyca uoHa, OT

06
IJIOTHOCTH 3apsza (M~ ) U OT pacTBOPUTEJIA.

YcranoBieHHAs Koppeanusa MCKIY 3HAaKOM

orkioHeHust (d —rj) or 3akoHa Crokca-DWHIITEHHA U
OmmwkHell compBaTanmedl moHOB mo CaMOWIOBY B BoOje
CBUJICTENECTBYET O TOM, YTO TU(PQY3HUI HOHOB CBs3aHA C

OmmwkHell conpBaTanmei, a mapamerp o sBisgercs eé
KOJIMYECTBEHHOH XapakTepucTukoil. C Opyroil CTOpOHEL,
YCTaHOBIICHHAS KOPPEILSIIUS SIBISETCS IOATBEP>KICHUEM

¢usndeckoro obocHoBaHus BbiOOpa (d — ) B KauecTBe
MepBbl OJMKHEH COJBbBATAIlMM M TO3BOJIACT MPOBOJIHTH
HHTEPIIPETALUIO MOJTYYCHHBIX pe3yIbTaTOB "
YCTaHOBJICHHBIX 3aKOHOMEPHOCTEH B PaMKax IMOJIOKCHHN
MOJIEKYJISIPHO-KHHETHYECKOro moaxona [3], pa3BuBa-
emoro PomHnkoBo#t [7] AN HEBOIHBIX PacTBOPHUTENEH C
NIPOCTPaHCTBEHHOM ceTkoi H-cBs3eil.
Kak  ormeuamocr  BBIIIC,

auHeHbIME Tiapamerpamu (d — ;) MOXeT OBITh paBHOM
Hym0, Oonblie M MeHblIe mociaeaHero. Hawuboiee
IpOCTOH ciyyaii xapakrepusyercst kputepusimu AE; -0 [3]

pa3sHOCTh  MEXIY

u (E— ) = 0 [9] u COOTBETCTBYET peaabHOMY SIBICHUIO
mepexoga OT OTPHIATENIFHOW K  TOJOKHTEIEHOU
compBaranuy. DaKTHYECKH TPH TIPEISNEHOW TeMIrepa-
Type nepexojia BhIMoNHAeTcs 3akoH CTokca-ODUHINTENHA,
YTO COOTBETCTBYET YPAaBHOBEIIMBAHUIO IMPOTHBOIIOJIOXK-
HBIX BKIagoB B AE; or I-M umw M-M xopotko-
JNEUCTBYIOIUX B3auMozeiicTBuil [24]. Hawm kputepuii co-
OTBETCTBYET BBIMOJHEHUIO 3akoHa CTokca-DifHIITelHa,

d = ri, OTCyTCTBUIO COJbBaTalluU. TOpMOXKEHHE HOHA B

9TOM Clly4yae OCYLIECTBISETCS TOJIBKO 3a CUET BSI3KOCTH.
HaubGonee wuHTEepecHbIl ciydail oTpHLATENbHOU

CoJIbBaTallMy Xapakrepusyercsa kpurepusimu AE; < 0 [3] u

(d_— <0 [9]. WoHbl 3TOH TpyHmbl OTHOCAT K
CTpyKTypopaspymmresssMm. OHH IOBBIIIAIOT TOABHKH-
ocTb Mosiekyn pactBoputens. CornacHo Camoiinosy [3]
npu conbBaTanuu ¢ AE; < 0 cBs3b [-M cnabee cBsizu M-

M. VYwmenpmeHue ( 1O CpaBHEHHIO C I BBI3BAHO
JOTIOJTHUTENbHBIM K  BSI3KOCTHOMY  TOPMOXKEHHEM,
o0ycioBIeHHBIM ceTkoii H-cBs3eit B pacTtBopuTene, 4To
TOPMO3UT OOMEH MOJIEKYJIaMH PACTBOPUTENS COJIbBATHON
000JI0YKH U B 00BEME PACTBOPHUTEIIS.

Panee [25] HaMU c HCTIONIb30BaHUEM
(heHOMEHOJIOTUH MOJIEKYJIsIpHOH Teopun Bonmueca Oblia

paccuntana coctasistonias KT koaddurmenra arrpak-
UMOHHOTO TPEHHUs G, JUls KaTMOHOB NHoHMs u LlyHnens
u juis anwonoB CI', Br, |I” B Bojge W B H-CIIUPTAx H

YCTAaHOBJICHO, 4YTO BEJIMYMHA ga‘r XapaKTepu3yeTcs

3HAKOMIEPEMEHHBIMU 3HaUYeHUAMH. B pabore [25] Obuto
MOKAa3aHO, YTO 3HAaKONEPEMEHHOCTh  OIpeesieTcs
TPOTHUBOTIONOKHO JEHUCTBYIOMUMHU COCTABJISIOIIAMHA OT
kopoTkozeicTByromux [-M u M-M B3aumMoaeicTBuid:

MM M
ga‘r - g + g ' (12)

OO6muii 3HaK G, 3aBHCHT OT NPEOOIaaHus BIHASA-
HUS OJTHOW W3 COCTABISIOMKX. [Ipu 3TOM BCeraa oTpuia-

TENBHBIA BKIaA [25] B G, OT KOPOTKOACHCTBYIOHIEH

MM . N
g CBUACTCIILCTBYET O NMOTCHIHAJIBHOW PCAKIIMOHHOU
CIIOCOOHOCTH PaCTBOPHUTEIIS.
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W3 nposeneHHOro aHammM3a pe3ysbTaToOB pacuera
MUKPOCKONUYECKUX XapaKTEPUCTHK TPAHCIALUOHHOIO
cmenienust (MXTC) nnst uccienoBaHHbIX HOHOB B Ol U B
BOJI€ YCTaHOBJIEHBI CIEAYIONINE 3aKOHOMEPHOCTH:

1. Bennunna d s HoHOB TAA B STHJICHIIIAKOIIE H
B BOJI€ 3aBHCUT OT CTPYKTYpHOTO pajuyca HOHa U OT
pactBoputens (tabn. 1). [Jns wuccnenoBaHHBIX HOHOB

BermunHa d B OI' MeHsme, yem B Bozae (Tabm. 1), uro
CBHUJICTENBCTBYET O TOM, YTO TOPMOXKEHHE HOHOB B OI'
0OJIBIIIE, YEM B BOJE.

2. YcTaHOBJIEHA KOPPEJALUS MEXKAY 3HAKOM OTKIIO-
HEHUS JUIMHBI JTUCKPETHOTO AU(G(Y3UOHHOTO CMEIICHUS
d or crpykrypHoro pammyca wona (r;) B Bume (d —rj)
WIn y 1 COJIbBaTUPYEMOCTEIO0 HOHOB 110 CaMOIJIOBY.

I

I
5 6
(d — ri) oT mla

OIUCHIBAIOTCS KPUBBIMH Oe3 akctpeMyMoB (puc. 1). Ipu

3. 3aBucuMoOCTH  TIapaMeTpa
3TOM B CITy4ae BOABI pa3HOCTH (0 — Ij) MOJOXKUTENBHBIE, a

B OI' orpunarenpHoe 3HaueHue mnapamerpa (d—Tr;)
+

HaOmopaercs  Toiabko miag wmoHa MesN', dro

CBHUIETEIBCTBYET O €r0 OTPHLATEIILHOW COJbBATALMH.

4

(d-r)-1010, m
O X

3+ 5 o
2 Il (o]
] 4
01 ——EG
; Qe BOIE m5-10°, Kn/m
0,30 0,35 0,40 0.45 0,50 0.55 0,60

Pucynok 1 — 3aBucumocts napamerpa (d —I; ) oT 06061EeHHOro
MoMeHTa Jiu11 noHoB TAA B Boje u DI

25
T-1014, ¢

i i R e

m-10°, Kn/m

0,35 0,40 0.45 0,50 0,55

0.30 0,60
PucyHOK 2 — 3aBUCHMOCTbh BPEMEHHU TPAHCIISHOHHOTO
cMenieHus HoHoB TAA oT 0000IEHHOr0 MOMEHTA
B Boje u DI

4. 3apucumoctd T (puc.2) u V (puc. 3) ot mi" 0

HeopHOTUNHBL [lapamerp T B OI' mpeBblmaer Te e
3Ha4eHHUs B Boae B 9-14 pa3, 4TO CBHAETENBCTBYET O
Topmo3simeM dpexrte npetida moHOB TAA, BRI3BaHHOTO
BJIMSIHUEM BSI3KOCTH pactBoputelsi. Hao6opot, ckopocTh
TPAHCIAINOHHOTO CMeIleHns noHOB TAA B BoJe BHIMIE,
gem B OI' B 612 pas.

25
—e— EG i
20 1 o BoOIa
15 1 V, m/c
o 1
10 A
51 e o 7: 2
5 4
] .___.___.____——0———/"’
0
m-10°, Kn/m

0,30 0,35 0,40 0.45 0.50 0,55 0,60

Pucynok 3 — 3aBHCHMOCTD CKOPOCTH TPAHCISIIIUOHHOTO
cMerteHust HoHOB TAA 0T 00001IeHHOro MOMEHTa B Boje U DI
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