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Abstract—Structural and dynamic parameters of tetramethylammonium ion hydration are studied by molecu-
lar dynamic simulations. A water cluster 1 ion—-509H,0 and systems with cubic periodic boundary conditions—
1 ion-209H,0, 1 ion-214H,0, and 1 ion-219H,0—were studied. The study of the systems of various density
showed a nonequivalence of the positions of the four methyl groups, of which three groups are at closer dis-
tances to each other and one group lies apart. The results obtained are explained by the elasticity of the spacial
H-bond network of water. The dynamic parameters of the hydrate water do not differ from those of pure water,
which confirms our earlier suggestion that the tetramethylammonium ion occupies an intermediate position at
the boundary between negative and hydrophobic hydration. The hydrate water of the tetramethylammonium ion
has fewer “spoiled” H-bonds than is contained in the vicinity of the cesium ion, which indicates a decreased

water mobility and is associated with the considerably larger size of the (CH3),N* ion and the hindrance effect

it causes.

Tetraalkylammonium ions are single-charge ions of
alarge size: the radius of the tetramethylammonium ion
is 3.47 A and that of the tetrabutylammonium ion is
494 A [1, 2]. These ions can be considered as being
intermediate between alkali metal cations (the radius of
Cs* ion is 1.65 A [3]) and large surface-active ions.
Therefore, they can be referred to as pseudosurfac-
tants [2]. Aqueous solutions of salts of tetraalkylammo-
nium ions were studied by various physicochemical
methods [2, 4], including computer simulations [5, 6].
It was found for these ions that their hydration has a
dual character: hydrophilic, determined by the small
charge on the ion, and hydrophobic, associated with the
large size of these ion. Any property is a manifestation
of one or another character of the hydration.

In an earlier study [7], the dynamic parameters of
hydration of single-charge ions were calculated, and it
was shown that, for the (CH;),N* ion, hydration is near
the boundary between negative and hydrophobic
hydration, and for the (C,H;),N* ion, the dynamic
parameters of hydration are the same as for the lithium
ion. In the vicinity of the tetrabutylammonium ion,
water molecules live considerably longer than in the
hydration shells of alkali metal ions.

The aim of this work was to study the hydration of
the tetramethylammonium ion on a molecular level and
to elucidate the hydration mechanism. Molecular
dynamic simulations offer the most informative tool to
solve this problem. Earlier, this method was used by us
to study water clusters of alkali metals: Na*, K*, and
Cs*. An increased mobility of water molecules near K*
and Cs* ions was established, and the mechanism of
negative hydration of these ions was discovered. The

low surface charge density on these ions is not suffi-
cient to destroy the H-bond network but can largely dis-
tort it.

The H-bond angle distribution shows a peak near
90°. This peak was related by us to a bifurcate hydrogen
bond, which we consider as a defect of the network [8].
It is the increased amount of such network defects that
accounts for the increased mobility of water molecules
in the vicinity of a sufficiently large single-charge ion.
It was of interest to study hydration of a single-charge
ion of a size larger than that of the cesium ion. There-

fore, we have chosen (CH;),N*.

As a continuation of our studies of water clusters of
alkali metal cations, we investigated the water cluster
(CH;3);N*-509H,0. The interaction potential for the
water molecules was the three-point Poltev—Malenkov
potential [9]. For ion—water interaction, the OPLS
potential set was used. Unfortunately, the work with the
cluster was not successful since the ion left the cluster
and went out beyond it 20 ps after the computation
started. Despite the fact that the system did not have
time to reach the state of equilibrium, we measured
some parameters of ion hydration, which will be dis-
cussed below.

After we failed to study the cluster, systems of water of
various density (1 ion—209H,0, 1 ion-214H,0, 1 ion-
219H,0) with cubic periodic boundary conditions were
investigated. The computation was performed in the
Hyper Chem system using the TIP3P interaction poten-
tial for water and the OPLS potential set for the ion—
water interaction [10, 11]. The parameters of the tet-
ramethylammonium ion were calculated by the MNDO
method (Table 1).
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Atom charge distribution for the tetramethylammo-
nium ion was obtained by the MNDO method (Fig. 1).
Using MNDO and CNDO methods, the optimal config-
uration of the (CH;),N*-H,0O dimer was calculated. The
calculation has shown that the position of a water mol-
ecule between two CH; groups, oriented by the bisector
of the angle formed by the lone electron pairs of the
hydrogen atom, iives the optimal configuration. At the
distance of 4.8 A from the nitrogen in the tetramethyl-
ammonium ion, the configuration in which the water
molecule lies near the CH; group, becomes the optimal
one. The ion—water interaction potential functions are
shown in Fig. 2

The atom-—atom interaction potential has the form

3\ (8:,\°) . 94,
=) -G

The parameters of the potential are given in Table 2.

The computations were carried out with the help of
the HyperChem program package. A cube with an edge
of 18.7 A and periodic boundary conditions were used.
The computation time was 30 ps. The integration step
was 5 x 10'6 s, The calculation of the three water sys-
tems of different density was performed at a fixed
energy. We also calculated a system of pure water with
the density 1 g/cm? (216 water molecules in the chosen
cube). The tetramethylammonium ion displaces seven
water molecules, so the system 1 ion—209H,0 was
chosen as the starting one. The structural and dynamic
parameters of the hydration of the (CH;),N* ion were
obtained. Let us consider the most important results
that allowed us to elucidate the character and the mech-
anism of hydration of the tetramethylammonium ion.

From the C,—Oy,, radial distribution functions for

the system 1 ion—209H,0 shown in Fig. 3, we may con-
clude that the positions of the methyl groups are non-
equivalent: three of them are at closer distances to each
other, with one group lying apart. The first peak in the
C-O radial distribution function for the three methyl
A. The abscissa of the
group lying apart is 5.5 A. We explain these results by
the elasticity of the H-bond network of water and its
trend to decrease the hydrophobic surface.

The Nj;—Oy,o radial distribution functions for the

three studied water systems of different density are
plotted in Fig. 4. The first peak in this curve is compos-
ite: it includes the water molecules that lie between two
CH; groups at the distance of 4.2 A, the water mole-
cules near the CH, group at the distance of 4.8 A, and
one more peak at the distance of 5.2 A in the high-den-
sity systems. The second peak at 6.2 A is most pro-
nounced in the system with 214 water molecules and
vanishes in the system with 219 water molecules. Com-
parison of the N-O and N-H radial distribution func-
tions for the studied systems shows that the largest dis-
tance between the first peaks in these curves is observed
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Fig. 1. Atom-charge distribution for the tetramethylammo-
nium atom ion: (/) N and (2-5) C.
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Fig. 2. (CH3)4N*-H,0 interaction potential functions for
different ion orientations.

in the system with 214 water molecules. This indicates
that the water molecules are oriented by their oxygens
to the hydrophobic group, the best orientation being in
the system with 214 water molecules. This is confirmed

Table 1. Parameters of the tetramethylammonium ion

Interatomic distance, A Bond angle, deg

N-C 1.47 CNC 113.0
C-H 1.09 NCH 109.5
N-H 2.13 HCH 109.5
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Fig. 3. Cion'OHzo radial distribution functions for the system ion—209H,0; (2-5) the numbers of C atoms from Fig. 1.

by the obtained o angle distributions (o is the angle
between the dipole moment of the water molecule and
the direction to the ion).

Table 2. Parameters of intermolecular potentials

Interacting atoms 6 €
N-Oy,0 32 0.16
C-Oy,0 3.6 0.1
N-Hy,o 0.0 0.0
C-Hyo 0.0 0.0
Hion—On,0 2.8 0.09
Hion—Hy,0 0.0 0.0
OHzo (l)_OHzo ) 3.15 0.15
Hy,0 1y~On,0 (2) 0.0 0.0

Table 3. Coordination numbers of the tetramethylammonium
ion and the mean self-diffusion coefficients of molecular wa-
ter in the studied systems

System CN of the (CH3),N* ion| D x 10°, cm%/s
1 ion—209H,0 22 0.02
1 ion-214H,0 23 0.12
1 ion-219H,0 22 0.07

RUSSIAN JOURNAL OF INORGANIC CHEMISTRY Vol. 46 No. 2

Analysis of the O-O and O-H radial distribution
functions for water molecules in the studied systems
leads to the conclusion that the number of “spoiled” H
bonds is the greatest in the system with 214 water mol-
ecules. This is confirmed by the bar diagrams of the
H-bond angle distribution (Fig. 5). While the bar dia-
gram for the system with 209 molecules has no maxima
due to “spoiled” hydrogen bonds, the system with
214 water molecules shows a peak near 90° in the tran-
sitional zone between the first hydration sphere and the
bulk water. In [8], such a peak was assigned to bifurcate
hydrogen bonds, which can be considered as a defect of
the H-bond network. It is through these defects that the
motion of water molecules takes place. The larger the
amount of the defects, the greater the mobility. Thus,
Judging from the bar diagrams, of the three studied sys-
tems, the greatest water mobility must be in the system
with 214 water molecules. Moreover, water motion
does not take place in the first coordination sphere,
where the orientation of the water molecules is the
rigidest, suggesting a quasi-clathrate environment.
Rather, it takes place in the transitional region between
the first hydration sphere and the bulk water. This is
confirmed by the values of the self-diffusion coeffi-
cients calculated from the squared displacement. The
self-diffusion coefficients are shown in Table 3,
together with the coordination numbers (CN) of the tet-
ramethylammonium ion.

In addition, we studied pure water of various den-
sity: 216, 221, and 226 particles in a cubic cell with an
edge of 18.7 A and periodic boundary conditions. The
results of the calculation indicated the largest number
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Fig. 5. H-bond angle distribution in the system ion-
209H,0: (1) the first hydration sphere, (2) bulk water, and

(3) intermediate region.

of bifurcate bonds in the system with 221 water mole-
cules. Still higher densities seem to not affect the water
mobility.

The results obtained in this study bring us to the fol-
lowing conclusion:

RUSSIAN JOURNAL OF INORGANIC CHEMISTRY  Vol. 46

Thanks to its charge, the tetramethylammonium ion
orients water molecules by the lone pairs of electrons of
the oxygen atom, which is in accord with neutron dif-
fraction data [12]. Because of the large size of the tet-
ramethyl ion (the thermochemical radius, 3.47; Stokes
radius, 2.04 A [1]; the radius used in our calculations,
2.31 A), it causes a hindrance effect on the mobility of
its nearest neighbor water molecules, i.e., acts as a
hydrophobic particle. This is indicated both by the
results for the water cluster and for the system 1 ion—
209H,0. The increase in density gives rise to a large
number of network defects, which leads to an increased
water mobility. Still higher system densities lead to the
reverse effect. It is likely that the increase in water
mobility is caused only by some specific defects.
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MEXAHHU3M TANPATAIINA TETPAMETHUIAMMOHHUEBOT'O HOH_A
| ©2001r. M.H. Popnnkosa, A. I'aiirep, C. A. 3acsimKun

Hucmumym o6weti u neopeanuseckoti xumuu um. H.C. Kypnaxosa PAH, Mocxea
Mocrynuna B pepakumio 28.12.99 r.

C NOMOIIBIO METOAa MOJIEKY/ISIPHON IMHAMHKH M3y4YeHbl CTPYKTYPHbIE H JHHAMHYECKHC XapaKTEPHCTHKA
THJpaTallHHi TETPAMETHIAMMOHKEBOTO HOHa. KlccnefoBaH BORHBIN Kyacrep 1 HoH-509H,0 1 cHCTEMEI C Ky~
GHYecKAMH TIePUONHYECKIMY IPaHHYHbIMY yenoprsvu: 1 noH-209H,0, 1 nos-214 HO n 1 HoH-219H,0.
ViccejoBaHHE CHCTEM Pa3fIMIHON IUIOTHOCTH NOKA3aJI0 HEPAaBHO3HAYHOCTL MONOXEHHH 4EeTHIpEX Me-
THJILHBIX TPYIII, TPH A3 KOTOPbIX HAXOJATCA Ha GoJlee GAU3KOM PacCTOSTHHH APYT OT ApYyra, OfHa — pacIo-
JIOXeHa OTHeNbHO. ITo/yUeHHbIE pe3yLTaThl OGBACHEHB! YIIPYTOCTHIO MPOCTPAHCTBEHHOM ceTKH H-CBi-
3eit Bogbl. [JAHAMAYECKHE XapaKTePHCTHKH THAPATHON BObI HE OTIHYAIOTCH OT XapPaKTEePUCTHK YHCTOM
BOJBI, YTO NOATBEPXNAAET BbICKa3aHHOE HAMH PaHee NPEANONoXeH e O HaXOXACHAH TETPaMeTHIaMMOHH-
€BOTO HOHA Ha IPaHMIEe MEXIY OTpHUATeNbHON B rHIpoo6HOM ruapatanuell. Konmyecrso “"ecnopyeH-
Hbix” H-cBsi3eil B rEIpaTHOI BOAE TETPAMETHIAMMOHHEBOTO HOHA MEHBbILIE, YeM BO/I3H HOHa LE3Hsl, ITO
yKa3bIBaeT Ha MEHBIYIO MOABIDKHOCTb MOJIEKYJ BOJIbI H CBA3AHO CO 3HAYHTENBHO G6NBIIMM pa3sMEPOM

(CH3),N*-HOHa H co3paBaeMbIM HM “3¢h(heKTOM NpensITCTBHS .

TeTpaajJKnIaMMOHHEBbIC HOHbI — OJ{HO3apsI{HbIC
HOHbI GOJBIIMX Pa3MEPOB: PafidyC TeTpaMeTHUIaM-
MOHHMEBOro HoHa paBeH 3.47 A, TeTpabyTHIaMMOHH-
eBoro —4.94 A [1, 2]. Oru sBIAIOTCA KaK GBI mpoMe-
KYTOYHBIM 3BCHOM MEXJY KaTHOHAMH IIENOYHBIX
MeTaJoB (paguyc moHa Cs* — 1.65 A [3]) u Gonbumavu
NOBEPXHOCTHO-aKTHBHBIMH MOHaMH, YTO MO3BOJIWIO
Ha3BaTh HX “niceBAO-cydpakTaHTh!” [2]. BogHbIe pac-
TBOpBI COJIEH TETPaaNKWIAMMOHHEBBIX HOHOB GbLIH
HCCIIEOBAHbl PA3fIMIHBIMA (PH3UKO-XHUMHYECKHMH
MeTopamu [2, 4], BKiIto4asi METOIbI KOMITBIOTEPHOTO
MoJieNIMpOBaHuA [5, 6]. Pe3ynsTaThl 3THX HCCEfOBa-
HMI NOKa3ajiy JBOACTBEHHBIN XapaKTep rdfpaTalyH
STUX HOHOB: TMAPOGWIbHBIH, OCYCIOBICHHBbIA He-
* GOJNBLIAM 3apsfoM, H ruppodOGHbIHA, CBA3aHHBIHR C

GOJBIIMM pa3MepoM 3THX HOHOB. B pa3HbIX cBOHCTBaX
NpOSIBIISIETCS TOT WM HHOH XapaKkTep rHpaTalyy.

Panee [7] 6bumm paccyMTaHbl AHHAMHYECKHE Xa-
PaKTEpHCTHKY T'MAPATAIMA ONHO3APANHBIX HOHOB H
noka3saHo, 4to (CH;),N*-noH HaxopuTcs BOJIN3H rpa-
HHIbI MEXAY OTpHIaTeNbHOU ¥ rupodoCHOd ruf-
paTanueii, a AMHAMAYECKNE XapaKTEPUCTUKY THfpa-
Taumu (C,H;),N*-uoHna Takue Xe, KaK y HOHA JIUTHUSL.
B6nu3u TeTpaGyTHIAMMOHHEBOTO HOHA MOJIEKYJIBI
BOJIbI XXHBYT 3HAYMTEIBHO GOJNBILE BPEMEHH, YEM B
THAPaTHO# 0600YKE HOHOB LIEJIOYHBIX METAJLIIOB.

Llenp Hame#l paboThI — HCCNIEAOBaHHE THApaTaliH
TETPaMETHIaMMOHHEBOTO HOHa Ha MOJIEKYJISIPHOM
YPOBHE ¥ BbIABICHHE ee McxaHH3Ma. [lyisi pemieHuns
aToil 3agaun HamGonee WH(MOPMATHBHBLIM SBJIAECTCS
METOJl MONIEKYJISIPHON AHHAMHKM — KOMIOBIOTEPHBIH

IKCIIEpUMCHT. Panee MbI HCIOJB30BaJId 3TOT METO] -

I UCCIIEOBAHUSA BOJHBIX KJIACTEPOB KaTHOHOB IIIC-

noqnbIx MeTaynos: Nat, K* u Cs*. YcranoBleHO yBe-
NHYEHHE TONBIDKHOCTH MOJIEKYJN BOJbI BOJHM3H HO-
HOB K* 1 Cs* ¥ BbLISIBJIEH MEXaHU3M MX OTPHIATEIbHOM
rugpaTtauyy. Manas NOBEpXHOCTHAs IUIOTHOCTD 3apsi-
JIOB 3THX HOHOB He II03BOJISIET pa3pyuHTh ceTKy H-cBs-
3eif BOBI, HO IOCTATOYHO ee HckaxkaeT. Ha pacnpene-
nenwd no yrnam H-cesasell BHEH MakCHMyM BOJIH3H
90°, KOTOpLIi ACCOUMMPOBAH HAMH C “GrpypKaTHOK”
BOZIOPOJHO# CBSI3bIO0, PACCMATPHBAEMOi KaK fieGpeKT
npocTpaHCcTBeHHOM ceTKH [8]. IMEHHO C yBeJIH4CHH-
€M KOJIMYeCTBa Ie(PEKTOB B MPOCTPAHCTBEHHOM CET-
K€ BOJOPORHBIX CBsi3el BOMBI CBS3aH POCT HOABHXK-
HOCTH MOJIEKYJI BOAbI BOJIH3H HOCTATOYHO GONBIINX
OJIHO3apsAAHBIX HOHOB. IIpeacTaBnsano MHTEpeC Mc-
CJIefioBaTh FHAPATALHIO OFHO3aPSIHOrO HOHA GOJb-
IIero pasMepa, 4eM HoH ne3ns. [ToaToMy Hamu GbLI
BbIGpan noH (CHj),N*.

B npopo/iKeHne HalmMX paboT ¢ BONHBIMYU KJIacTe-
paM¥l KaTHOHOB IIIEJIOYHBIX METAJIOB MbI HCCIIEI0BA-
nu BopHeli knacrep noH (CH3),N*-509H,0. Iloren-
IMAJIOM U151 B3aHMOJEACTBUA MOJIEKYJI BOTBI CITY KW
TpexToueuHsIi noteHnuan [Tonrrera-Manenkosa [9],
VIS B3aEMOJEHCTBHS HOH—BOJ]a — CHCTEMa MMOTEHIHA-
o OPLS. K coxanenuio, pa6ora ¢ KIacTepoM He
YBEHYAJIach YCIEXOM, Tak Kak yepes 20 nc nocine Ha-
Yajia c4eTa MOH MOKHAAJ KJIacTep H BLIXOAHI 32 €ro
npefenbl. YUATHIBas, YTO CHCTEMA HE ycnelna NpHi-
TH K COCTOSIHMIO PAaBHOBECHS, MBI BCE K€ H3MEPHIH
HEKOTOpbIe XapaKTEPHCTHKH THApaTalH TeTpame-
THIAMMOHHEBOTO HOHA, KOTOphIe OYNyT paccCMOTpe-
HbI HIXKE.

TTocrne Heygaum ¢ KIacTEpOM Mbl HCCIIEAOBANIN BOJI-
HbI€ CHCTeMb! pa3im4Hoi wioTHocTH (1 Hor-209H,0,
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Ta6muuna 1. ITapameTps! TeTpaMeTHIaMMOHHEBOTO HOHA

PaccrosiHae MeXAy aTOMaMH, A

Yron MEXAyY CBA3SIMH, IPaj

N-C 1.47
C-H 1.09
N-H 2.13

CNC 113.0 .
NCH 109.5
HCH 109.5

1 uon-214H,0 u 1 nos—219H,0 ¢ Ky6HyeckuMH 1e-
PHOMYECKAMH TPaHUYHBIME yciIoBHsAMH. CueT mpo-
pomuim B cuctreMe Hyper Chem ¢ noTennuanoM B3a-
mmoneiicrans pis Boasl TIP3P; s B3auMOpeicTBAS
HOH-BOJJa MHCIIONb30BAjIl CACTEMY MOTECHIHANIOB
OPLS [10, 11]. MeTogpom MNDO 6b11H pacCUHTaHbI
napaMeTphl TeTpaMeTIIaMMOHHEBOTO HOHa (Ta6un. 1).

Pacnipepenenne 3apsjioB Ha aTOMaXx TeTPaMeTH/IaM-
MOHHEBOro HOHa nomydeio Merogom MNDO (puc. 1).
C nomomsio MerogoB MNDO u CNDO paccunTana on-
".,.‘mwajmnax KoHurypamms mamepa (CH;3),N*H,0.

~—

Pacyer mokasall, YTO IMOJIOXXEHHE MOJIEKYJILI BOMABI
mexny asyms CH,-rpynmamu, opaeHTHpOBaHHOE Guc-
CEKTPHCOH yrJia MEXHy HENOEeJICHHLIMA NIapaMu 3J1e-
KTPOHOB aTOMa KHCJIOPOJa, CO3[aeT ONTHMAJIBHYIO
KoH(urypammo. Ha paccrosamu 4.8 A or atoma asora
B TeTPaMETHWIAMMOHAEBOM HOHE ONTHMAJIbHOM KOH-
¢urypaupmeit craHOBHTCS Ta, B KOTOPOi#l MoJleKyna
BOJIbI pacnonioxena okono rpymnsl CH;. [loTenng-
aNnpHble KpHBbIE B3aMMOJEHCTBHS HOH-BOJA HpEf-
CTaBJIEHBI Ha PHC. 2. o

ATOM-aTOMHBII [IOTEHIMAJI B3aHMORECHCTBHA AMe-
€T CICHYIOIIMH BHJL:

A\ 12 A6 .
o= ()2

TTapameTpbl NOTEHIMANa NPHBEEHBI B Ta6I. 2.

CyeT NpOBORWIA C NOMOLIBIO MTAKETa IPOrpaMM
r&yper Chem. Ucnons3oBanu Ky6 co cropoHoi 18.7 A
— IEPHORMNYECKHE IPaHAYHbIE YCIOBHs. Bpems cueTa
30 nc. Iar urTerpuposanms 5 X 10716 c. Pacuer Tpex
BOJHBIX CHCTEM Pa3jIMYHOlN IJIOTHOCTH NPOBOJHIH
npH nocrosHHo# 3Heprud. Kpome Toro, Geuna pac-
CUHTaHA CHCTEMa YHCTOM BObI C INIOTHOCTBIO 1 rfem>
(216 Monekyn Boabl B BBIGpaHHOM Ky6e). Cempb MoO-
JIEKYJ1 BOJIbI BBITECHSAIOTCS U3 CHCTEMBI TETPaMETHII-
aMMOHHEBBIM HOHOM, IIO3TOMY B Ka4€CTBE HCXONHOM
cucreMsl BbIGpaHa cucreMa 1 non — 209H,0. ITony-
YeHbl CTPYKTYpHbIE U JHHAMHYECKHME XapaKTEPUCTH-
Ku rugpaTanun noHa (CH;),N*. OcraHoBEMCs Ha Ha-
pGonee BaXHBIX pe3ylbTaTax, NO3BONHUBIIHX Bbl-
SBHTh XapakTep H MEXaHH3M TCHpaTaluH
TEeTpaMeTHIaMMOHHEBOIO HOHA.

W3 xpuBbIXx paguanbHoro pacnpepenenns Co—
Og,0 » IPEACTABICHHBIX HA PUC. 3 JUIst CUCTEMBI 1 HOH —

209H,0, MOXHO cHeaTh BBIBOJ| O HEPaBHO3HAYHOC-
TH PacHoJIOXKEHHS METHIBHBIX IPYIII: TPH IPYyNbI

HaxofiATCs Ha Gonee GMM3KOM PacCTOSIHAA APYT OT
Apyra, OfHa rpymma pacrnojoxeHa oTAeabHO. Ilep-
BbIil MaKCHMyM KpHBOM pajjMajIbHOTO pachpefene-
aust C-O s Tpex METHIBHBIX IPyIN HMeeT abCiuc-

Pauc. 1, PacnipefiesieHHe 3apsROB Ha aTOMax TETPaMeTHII-
- aMMoOHHeBoro HoHa. I —N; 2-5-C,

E, xxan/monsb
301

28

26

24

22

20

18 1 ) [l ] [l ] 1 )
30 35 40 45 50 55 60 65 170

RA

Puc. 2. IloTeHnmanbHble KpHBBIE B3aHMOACHCTBHA
(CH3)4N*-H,0 pas pasHeIX OpHeHTANHI HOHA.
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Ta6nma 2. ITapameTphbl MeXMONEKYSPHBIX OTEHIHAIOB

B3aumopeiicrayromue 5 e
aTOMBI

N‘Onzo 32 0.16
C-Ou,o 3.6 0.1
N—Ha,o 0.0 0.0
C-Hypo 0.0 0.0
Hyou:—On,0 28 0.09
Hyon—Hy,o 0.0 0.0
OH,o (1)"'OH20 ) 3.15 0.15
HH,O (l)_ol-le v)) 0.0 0.0

cy 3.5 A a I OFHOM — 5.5 A. MbI 06 BSCHIEM 3TOT
PE3yNbTaT YOpYrocThio ceTkn H-cesaseit, crpemnenn-
€M MPOCTPAHCTBEHHOM CETKH YMEHBIIMTH THAPOct06-
HYIO IOBEPXHOCTb.

Ha puc. 4 npepcrasnenbl KpuBble pafHaILHOrO
pacnpenieneHus Nyou;—Oy,0 ANIA TPEX HCCIENOBAHHBIX
BOJHBIX CHCTEM pa3IMYHOM IioTHOCTH. IlepBhiil Mak-

CHMYM Ha 3TO#l KPHBOU CIIOXHBIA: B HETO BXOIAT MO-
JIEKYJIbI BOABI, PaclONIOXEHHbIE MEXAY ABYMS IPYII-

POOHUKOBA ¥ np.

namu CH; Ha paccrosmmu 4.2 A, Monexyns! Bogsl
okono rpymn CH; Ha paccrosumu 4.8 A u eme ogun
NIMK Ha pacCTOSHMH 5.2 A B CHCTEMaXx IOBBIIIEHHOM
wiotHocTA. Bropoit MakcumyM mpu 6.2 A ayuire
BCEro IpOsBISIETCS B CHCTEME C 214 MoJleKyiaMu BO-
Abl B Hcye3aeT B cucreMe ¢ 219 Monekynamu H,0.
CornocraBneHne KpHBBIX pafHANbHOIO paclpejene-
Hust N-O u N-H B ncciiegoBaHHBIX CHCTEMaX IOKa-
3bIBAET, YTO caMoOe OGOJNBIIOE PacCTOSTHHE MEXAY
NepBLIMH NMUKAaMM Ha 3THUX KPHMBHIX HaGliofaercd B
cucreMe c 214 monexynamu H,0. 3ro ykaseiBaeT Ha
OPHEHTALHIO MOJIEKYJbl BObI aTOMaMH KHCIOpOAa
K rupocoGHOM rpyniie, IpHYeM HAWIy4Inas OpHeH-
Tals — B cucreMe ¢ 214 monekynamu H,0, 9ro noa-
TBEPXAAETCS U NOJYYEHHBIME pacrpeneseHHAMHE 10
yraam o (0. — yros Mexfy RUNOJbHBIM MOMEHTOM
MOJIEKYJIbI BOBI ¥ HaNPaBJICHAEM Ha HOH).

AHanus KpHBBIX PafiaJibHOrO paclpefieeHI
0O-0 r O-H Monekyn Bofbl B HCCIIEROBAHHBIX CHCTE:
Max NPABORHUT K BLIBOAY O HanGOJIbIIEM KOJHIECTBE
“ucniopuennbix” H-cBa3eit B cucreMe ¢ 214 Moneky-
aamu H,0. 3710 NOATBEPKAAIOT FTHCTOrPaMMBI paciipe-
Renenns no yrnam H-ceaseit (puc. 5). Ecm Ha rucro-
rpaMme pacnpepesieHas no yriaM H-cesiseit B cucreme
¢ 209 monexynamu HyO OTCYTCTBYIOT MaKCHMYMEI, OII-
penensrone “UcnopYeHHble” BONOPONHEBIE CBS3H,
TO B cacTeMe ¢ 214 monekynamu H,O BugeH makcn-
MyM B6au3n 90° B nepexofHOM 30He ~ MEXXAY HepBOi
THApaTHO# cepoil # 06beMHO# Bofo#. B [8] Takoii

FRD C(TMA)--0(H,0)

Prc. 3. QyHKIHHA paHaNbLHOTO pacnpeeieHns Cuona—Op,0 B cHCTeMe uon-209H,0 (2-5 — HoMepa aTomoB C Ha puc. 1).
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MEXAHU3M T'HAPATALIIMU TETPAMETUIIAMMOHWEBOI'O HOHA

FRD N(TMA)~—-O(H,0)

9
R, A

Puc. 4. ®yHknuu paHanbHOro pacnpepeneHnst Nyoya—
y OH,0 A7A TPeX CHCTEM pa3sHOii IIOTHOCTH: | — HOH-
—— 209H,0, 2 - Hor-214H,0, 3 — nou-219H,0.

MaKCHMYM OTHECEH K “OuypKaTHBIM” BOFOPOIHLIM
CBfAI35IM, KOTOPbIE MOXHO pacCMaTpHBaTh KakK Jie-
¢ekT npocrpaHcTBeHHOM ceTkn H-cBaseil. UMenno
10 ile(peKTaM CETKH HAET NOABIKHOCTh MOJIEKYJI BO-
Abl: 4eM Gonblie fe(eKTOB, TeM OONbIe MORBIXK-
HocTb. Takum o6Gpa3oM, cyas O TUCTOrpaMMaM, Ha-
u6onbIIas HOABIKHOCTH MOJIEKYJI BOJbI U3 TPEX HC-
CIIeJOBaHHbIX CHCTEM JOJKHA OBITh B CHCTeMe ¢ 214
Mmonexkynamd H,O, mpuuem peanusyercs oHa He B
nepBofi KOOpAHMHALMOHHOH cdepe, rae HaubGonee
XeCTKass OpHEHTalUs MOJEKYJN BOAbl NO3BOJSET
npeAnoiarath KBa3suKJIaTpaTHOE OKPYXEHHE, a B 1e-
pexopHo# 06NacTH OT NEpBOi rupapaTHOM cdepbl K
00 beMHOM BOAie. DTO NOATBEPKAAETCS BEIHIMHAMH
ko3 uiuenToB camopugys3un, paccUMTaHHBIMH
43 KBajpaTOoB cMemeHus. Koadduumenter camo-
<LHPdy3nan npepcrasneHsl B Taba. 3 BMecTe ¢ KOOp-
i aupuoHHbIMH yrciIamMu (K') TeTpamMeTriiaMMOHH-
"€BOro HOHA.

ITapannensHOo MBI HCCNENOBANM UACTYIO BORY
pasnuyHOM mIoTHOCTH: 216, 221 u 226 yacTul B Ky-
6udeckoii stueiike ¢ pe6pom 18.7 A u neprogmyecku-
MM rpaHHYHBIMH yCIIOBUsAMH. MeTofiKa pacyeTa Ta-
Kas Xe, KaK M s CHCTEM C MOHaMH. Pe3ynbTaThbl
pacyeTa nokasanu HauGoiblice KOJHYECTBO “‘Gu-

Ta6nmmaua 3. KoopAuHAaHOHHbIE YHUCIIA TETPAMETHIAMMO-
HHUEBOrO HOHa U CpefHHe K03 duuueHTs camoauddy3uu
MOJIEKYJI BOJIEI B HCCIIEOBaHHBIX CUCTEMAX

+

Cucrema K nona (CH)N*| p 10%, cm%/c
1 non - 209H,0 22 0.02
1 non - 214H,0 23 0.12
1 non - 219H,0 22 0.07
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Puc. 5. Pacnpepenenne no yriam H-ceaseit B cucTeMe
HoH—209H,0. ] — nepas ruppartHas cepa, 2 — 06beM-
Hasi BOJia, 3 — MPOMEXyTO4YHast 06/1acThb.

¢ypkaTHbIX” cBsI3eil B cucTeMe ¢ 221 MoneKyJ1oi Bo-
Abl. BeposTHO, RanpHeiiliiee yBeInueHue MIOTHOCTH
He CKa3bIBa€TCs Ha MOJBIKHOCTH MOJIEKYJ BOJBI.

YuHTHIBas NONyYEHHBIE PE3YJILTAThI, MOXHO ClIe-
JIaTh CIIEAYIOWIHIA BHIBOJI,

TerpaMeTHIaMMOHHUEBbIH HOH Garogaps cCBoeMy
3apsily OPHEHTHPYET MOJIEKYJbl BOAbI HEMORENECH-
HbIMH TIapaMH 3JIEKTPOHOB aTOMa KHCJIOpoOfa, 4TO
coriacyeTrcs ¢ HedTpoHorpapuYecKIMHU HCCIe0Ba-
HusME [12]. A3-3a Gonbimoro pasm?a (TepMOXHUMH-
yeckwuii paguyc 3.47, crokcoB —2.04 A [1], B pacueTax
Mbl NPHHMMAJIM PafiAyC TETPaMEeTHIAMMOHHEBOTO
noHa 2.31 A) noH (CH;),N* cospgaer “acexT mpe-
ISTCTBUS” Il MOJBIDKHOCTH OMmKalllliMX K HeMy
MOJIEKYJI BOJib, T.€. AEHCTBYeET Kak ragpogo6Has ya-
cruua. Ha 370 yka3bIBaloT pe3ynbTaThl HCCIEAOBa-
HUSI KaK BOJHOrO KJIacTepa, TaK M CHCTeMBbl 1 HOH—
209H,0. YBennyeHHe INIOTHOCTH NPUBOJUT K BO3-
HUKHOBEHHIO GOJIbIIEro KONn4YecTBa Ae¢eKTOB CeT-
ku H-cBs3ei, 4TO BEJET K pOCTY NOABUXKHOCTH MOJIE-
KyJ BOJIbI; JaibHelIIee yBeTMdeHne IUIOTHOCTH CHC-
TeMbl BefileT K oOpatHoMy 3ddekty. BeposTHo,
TOJNBKO ONpEREJIEHHBbIH XapakTep Ae()eKTOB IPOCT-
PaHCTBEHHOU CETKHU BIIHAET Ha YBEJIHUCHUE TOABHXK-
HOCTH.

Pa6oTa BeInonHeHa MpH (UHAHCOBOI NOANEPXKe
Poccriickoro ¢oHaa (yHIaMEHTAIbHBIX HCCIENOBA-
Huii (rpaut Ne 00-03-32073a).
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