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Effect of local and collective fluctuations on diffusivity in liquids

B pabote paccMoTpeHbl MeXaHU3Mbl JTUPPY3UU B )KUAKOCTH. Pe3ynbTaThl paboThl MOTYUYEHBI
U3 MOJICKYJISIPHOM JAMHAMUKHU M HE3aBUCUMO TIOATBEPKACHBI pa3padOTaHHBIMHU TEOPETHYECKUMHU
mozensamMu. PaccmoTpeHo pasnoxkenue kodpduimenta 1udpdy3un Ha KOMIOHEHTBI, OTBEYaroIue
JBYDKEHUIO C JIOKATHHBIM U3MEHEHHEM KOH(PUTYpAIH OJIMKalIINX COCeIeH YaCTHIIbI U
KOJUJICKTUBHOMY JBMKEHHIO BMECTe ¢ Ompkaimumu cocesiMu. OTAENbHO UCCIIE0BAINCH
3 EKTHI CBSI3aHHBIE ¢ (IIYKTyalueil 3THX KOMIIOHEHT.

Jloxanvuwie gpykmyayuu. OGHapyx)eHo, 4To ko3 duumeHT 1ud@y3un HOHOB B )KUIKOCTH
CYIIECTBEHHO BO3PACTaET MPH OTPEICIIEHHBIX pa3Mepax HoHOB. [Toka3aHo, YTO 3TO MPOUCXOIUT
BCJIEJICTBHE YBEIMUYEHHS KOOPJMHALMOHHOTO YHCIIa HOHA, KOTOPOE MEHSIETCS IPU YBETUUEHUH €ro
pa3Mepa. DTo NPOBOJUT K YBEIHUEHUIO Kod(pPuumenta aupdy3un B cuiny (iIyKTyauuid CoIbBaTHON
00osouku noHa. ITokazano, 4To 3TOT 3¢ HEKT NPOSABISIETCSA B Pa3IMUHBIX KHUIKOCTAX. DTO
MOJTBEPKICHO MPSMBIMU MOJICKYJISIPHO TUHAMUYECKHMH PacieTaMu, TECOPETUIECKON MOJIENBIO U
CpPaBHEHHEM C UMEIOLIMMHUCS IKCIIEPUMEHTAIbHBIMU TaHHBIMHU.

Konnexmusnuie ¢nykmyayuu. O6HapyYX€HO, 9TO TOYHOCTh yCPEIHEHHS, TIPU pacueTax
k03¢ punrenta 1upy3un CHIKAETCS TP YBEITUUYEHUH pa3Mepa MOJIEKYJSIPHO JTUHAMUYECKOH
staeiikn. JlanHbIi 2P PEKT MoTydeH B MOJEKYISIPHO TUHAMUYECKUX PacdyeTax pa3InIHbIX
KHUJKOCTEH 1 pacTBOpOB. OH CBsI3aH C YBEIMUCHUEM BIMUSHUS QIIYKTyalui, CBA3aHHBIX C
KOJUICKTHBHBIM JIBUKEHUEM YacTull. JlaHHbIe (QIyKTyallii BO3HUKAIOT TOJIBKO B CUCTEMAaX
Oo0JIbIIOrO pazmepa. DTO CBA3aHHO C TEM, YTO KOJJIEKTUBHOE JIBUKEHHUE THICSY YAaCTHUIl HEBO3MOKHO
B MOJIEKYJISIPHO TMHAMUYECKON SIYEMKE COACPIKAILIEH BCETO HECKOIBKO COTEH YacTHIl. Takum
00pa3oM, oKa3aHo, 4TO pacuyeTsl KodpduueHToB auddys3un Handosaee 3h(HEKTUBHO BHITOTHITD
JUISL CHCTEM MaJIoro pasMepa.

Mechanisms of diffusivity in liquid solution are investigated using molecular dynamics simulation.
The decomposition of diffusivity into collective motion of particle with its nearest neighbors and
motion with change of the nearest neighbors is considered. Fluctuations on these diffusivity
components are considered.

Local fluctuations. It is found that ion diffusivity in liquid significantly increases at particular ion
sizes. These sizes correspond to the change of the ion coordination number that appears when ion
size increases. This leads to increase of the diffusivity due to fluctuations of the ion solvation shell.
The result is shown to be general and appear in different liquids. It is supported by direct molecular
dynamics simulations, theoretical model of the effect and available experimental data.

Collective fluctuations. It is found that statistical uncertainty of diffusivity increases with system
size. Increase of the uncertainty is shown for pure liquids and liquid solutions by direct estimation
of diffusivity variation from molecular dynamics. This effect is caused by the increase of the
diffusivity fluctuations caused by the collective hydrodynamics. Such fluctuations only appear in
large systems. This is because collective motion of thousands of particles is impossible in system
with few hundred of particles. It is shown that small system is the most effective for diffusivity
calculation.



