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NCCJIEJOBAHHME KOONIEPATUBHOCTH
BOAOPOIHOI'O CBA3BIBAHUSA ALIETOHA C BOJOM
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AHHOTAUHUS

H3yueHo BomoponHOe CBS3bIBaHME aLETOHA C BOAOH METOZOM HK-cnexTpockonuu u
¢ nomompbio DFT-pacuetoB. Omnpenenensl YacTOTHI BaieHTHBIX KONeGaHMi C=O-rpynnsi
al€TOHa M ero KOMIUIEKCOB C BOAOH B anpOTOHHBIX pacTBOpuTensX. IpemioxeHa 3KCTepH-
MEHTalIbHas METONMKA OLEHKH KOONEPaTHBHOro 3¢ deKTa B MHOrOYACTHYHBIX KOMILIEKCAX
PacTBOpAEMOro BELIECTBA ¢ BOAOH. [TokasaHo, 4To CBA3BIBaHME ALETOHA C KIAaCTEPAaMH BOIbI
YCHIIHBACTCS 110 CPABHEHUIO ¢ GHHAPHBIMH KOMILIEKCaMH. Benuunua ynpouHenus BOZODO-
HpiX cBsseit C=0...H coctanser 90%. IIpoBeneHbl KBAHTOBO-XHMHYECKHE pacyeTsl JBOM-
HBIX 1 TPOHHBIX KOMILIEKCOB BOMBI C aueToHoM. OBHapykeHO NposBreHye KOOTIEpPAaTHBHOrO
3¢ dekra npu nepexone OT KOMILIEKCOB € OJIHOM BOJOPOIHOM CBA3BIO K KOMILIEKCAM C IBYMSi
CMEXHBIMU BOLOPOAHBIMU CBA3AMU. DKCIIEPUMEHTANBHO TOJTy4eHHBIE KOIDPHLUHUEHTE! K0O-
TICPaTMBHOCTH BONOPOAHBIX CBA3EH U1 BOAHBIX PACTBOPOB XOPOIIO COIACYIOTCH C pesyih-
TAaTaMH pacueToB B TPOHHBIX KOMILIEKCAX IMMEPOB BObI C ALETOHOM, YTO FOBOPHT O 3ary-
XaHHH KOOTEPaTHBHOTO 3¢ dekTa.

Kmouessie cioBa: Bonoponnas ceasb, Boma, KOONEPaTHBHOCTS, aueton, UK-cnekrpo-
CKONUSI, KBAHTOBO-XUMHYECKHE PacyeThl.

BBenenune

Bonopoansie cBsisu sSBASIOTCS 01HUM M3 HaubOMee BaXKHBIX THIIOB MEXMOJIeKy-
APHBIX B3auMozekicTeui [1]. Onu urparor Gosburyio poJIb BO MHOTHX (H3HKO-
XHMHYECKUX M GHONorndeckux npoueccax. OcoGoe BHUMAHME B IUIaHe TpOSIBJICHHS
BOZOPOZHBIX CBSA3CH NMPHBIIEKAET BOJa M BOJHbIE pacTBOPLL. Boja TPEeACTaBIsET Co-
0o cMech accOUMaTOB Pa3IMYHOrO COCTaBa U CTPOSHHSI, MEKIY KOTOPBIMH CYLIECT-
ByeT paBHoBecue [2]. Kak pacTBopuTens, Boga cnocobHa BIMSTH Ha CTPYKTYpY, Ku-
CJIOTHO-OCHOBHBIC CBOHCTBA M PEAKUMOHHYK) CIIOCOGHOCTh PACTBOPSEMBIX B Heif
Mojiekyn [3, 4]. Tpu 3ToM HauGonbiee Bo3aeicTBHE Ha (u3HKO-XUMHYECKHE CBOIi-
CTBA PaCTBOPEHHBIX BELIECTB OKA3bIBAIOT CNICLM(PUYECKHE B3aMMOIEHCTBHS C BOJIOIL.
Ocobbie cBOHCTBA BOABI Kak PaCTBOPHTEINIS CBS3aHbI C SBICHUEM KOONEPaTHBHOCTH,
KOTOpOE NPUBOJAMT K YCHJICHHIO B3aMMOJEHCTBUM B MHOTOYACTHYHBIX KOMIUIEKCAX
110 CPaBHEHHIO C MApHBIMK KOMILIeKcaMu. KoonepaTHBHOCTL 06ycioBIMBaET ycToi-
HHMBOCTb MHOTHX GHOJIOTHYECKH BAXHBIX CYNPAMOJEKYJIAPHBIX CHCTEM. JlaHHoe siB-
/ICHUC TIPOABNACTCS M NIPH PACTBOPEHHH MPOCTHIX OPraHUYECKHX MOJIEKYJl B KHIKOMH
Boze [S]. B cBsi3u ¢ 3THM 0coBbiit HHTePEC MPEACTABIISIOT UCCIIEN0BAHHS, HAIPaB-
JICHHBIC HA KOJIMYECTBEHHYIO OLHKY KOOTIEPATHBHOCTH BOJOPOMHBIX CBS3eH pac-
TBOPCHHBIX MOJIEKYJ B BOMHBIX cpenax. B paGote [6] 6bu10 mokasano, 4To B KoM-
MIekCax MUMETUIICYTbQOKCHIA C HECKONBKAMM MOJIGKY/IaMU BOMIbI NposBIsSeTCS
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84 K.B. 3AVILIEBA u 1p.

Tabn. 1

YacToTsl BAIEHTHBIX KoneGanui cBOBGOIHOM M CBA3aHHOH
C=0-rpynrsl aleToHa B KOMIUICKCaX ¢ MOJIEKYJION BOJBI CO-
ctaBa 1:1 B pacTBOpUTENAX (M), S, -mapameTpsl pac-

TBOpUTENEH (KII)K/CMJ)

PacTBOpHTEND - vf;g vf_f
AUETOHUTPHI 3.3 1713 1706
Benson 2.2 1716 1710
Jluxyopo3TaH 2.9 1713 1707
HutpomeTaH 3.7 1712 1704
TIpOnUHOHHTPUI 2.7 1715 | 1708
TerpaxJopoMeTaH 1.4 1718 1714
Toyon 1.6 1717 | 1712
Boza 31 | 1714 | 1700

coctapa 1 : 1. KonyuecTBEHHBIN aHATN3 KOOTIEpaTHBHOCTH MO3BOJIAT OOBACHUTD U3~

MEHCHHUEC peaxuuouﬂoﬁ CrocoOHOCTH MOJIEKYIT TNpH rnepexoae y3 O0OBIYHBIX pacTBo-
pPITeJ'lEﬁ B aCCOLIMMPOBAHHBIC XKUAKOCTH (BO)Ia, CITUPTHI, AMH/1bI U T. 11.)2

AV, =AVpc + AV g+ AV o )

JU1st OLIGHKM W MHTepIpeTalyy pasiuiHEIX BKJIAZIOB B SKCTIEPUMEHTAIBHBIH CIBHT
4ACTOTHI KOMILIEKCOB, a TAKKE OTMCAHHS CONBBATALMOHHBIX a¢dexToB MOTyT OBITH
CTIONB30BAHb! PA3IMYHbIE IMITMPHUYECKHE NMapaMeTphl pactsoputeneii [11]. B paborte
[12] 6bin MpeUIOKEH NapameTp, MOJyH4eHHBI W3 TePMOXHMHK pacTBOPCHHA aJiKa-

HOB, KOTOPbIH PacCUMTHIBACTCH KakK Syw = ,/AH ;’S / v!, roe v — xapaxrepucTuye-
ckuit 06beM ankana no Makl oBaHy [13], AH IY,"S — 3HTAIbNKSA PaCTBOPEHHMS ajikaHa

B pactsopurene S. [TapameTp S,,, OTBe4aeT TONBKO 3a HecrieLM(UuecKrHe B3aUMO-
JeHCTBHS MEX/Y MOJNEKYJIaMH PacTBOPEHHOIO BemecTBa W pacTBopHTeNs. Hemonb-
3ysi 3aBUCHMOCTDb YaCTOTbI MOIIOWEHUS OT S, -mapamerpa pacTBOpHTENEH, MOXHO

MOJTy4UTh BEIMYMHY CIABMIa HacTOTHI norowmenns C=0-rpynmnbl aUeToHa B KOM-
TUiekce ¢ BOzo# B mobom u3 pacTBOpMTENEH, B TOM 4HMCIC H B camoii Bone. Toraa
BeJMUMHY CIOBHIA YacCTOThI TOTJIOICHHA, 06yCIOBNIEHHOTO KOOMEPaTHBHOCTBIO BO-
JOPOJIHOTO CBSA3BIBAHMS, MOXHO OLCHHMTH M3 PA3HOCTH SKCTIEPUMEHTA/ILHOTO C/IBAra
4ACTOTBI B BOJE 1 PACCYMTAHHOTO C/IBHTa SKBUMOINICKYISPHOTO KOMILIEKCA.

Jlns KONMUYECTBEHHOTO ONPEAC/ICHUS KOOmepaTMBHOTo dddekTa NpH obpa3zoBa-
HHYM MHOFOYACTHUHBIX KJIACTEPOB HaMH ObiTH M3MEPEHBI 4yacTOTHI TOTJIOMEHUS Ba-
neHTHBIX KoneGaruit C=O-rpyniibl aeTOHa 1 ero KOMILIEKCOB ¢ Boo# cocTasa 1 : 1
B Pa3/IU4HbIX alPOTOHHBIX PaCTBOPUTE/IAX.

JKCIePUMEHTAIbHbIE JaHHBIE TIPE/ICTABICHbI B tab6n. 1. Tam e nprBecHa 1ac-
torta nortouesust C=O-rpynnbl aueToHa B Cpee BOADI. TosyueHHbIe JaHHbIe ObLIH
CcomocTaBIeHsl ¢ S,y -apaMeTpoM [12] anpoTOHHBIX pacTBOpHUTEIEH, 3HAUCHHUS KO-

Toporo mpescTaBnens! B Tab. 1.
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Puc. 2. UK-criexTpsi auetona B PAa3/IHHHBIX aNPOTOHHBIX PACTBOPHTENSX

nornomenns cBoGomHo#t C=O-rpynmsl auetona s ampOTOHHBIX PaCTBOPHTEISX
(tabn. 1). HK-cniekTpsl anerona B CEPHH aNpOTOHHBIX pacTBOpPHTENEHt NPHBEAEHEI
Ha puc. 2.

HanHble BenuuuHsl (vEg®) 6binu conocrasiens: ¢ napamerpamu S, (puc. 1).
B pesynbrare conocrasnenns 6suia T0TyeHa JIMHeHHAs 3aBHCKMOCTB, OIMCBIBae-
Masi ypaBHeHHEM v, = 1722-3.0-5,,, , R=0.998, So=0.2 eMm”". Jlannoe ypaBHe-
HHEC TIO3BOJIAET OUEHHTH YacTOTy CBOGOIHOMN C=O-rpynns! anerona B moGom pac-
TBOpHTENE, VISl KOTOPOrO M3BECTHA BEMYHHA Syw . OHO GbLIO MCHOTB30BaHO wis

aken

onpeaeneHus 3HayeHus v.C B Bope. [onyuennoe 3Havenne npueeneno s Ta6, 1

(momeueHo 3Be3noukoif). Benuunua K03 duumeHTa KOONEPaTUBHOCTH, pacCuMTaH-
HOro no ypasuenuo (3), B koMIuIekce ¢ KjiacTepamu Boab! coctansieT 1.9, To ects
BOMOPOZHEIE CBA3H ALETOHA ¢ KIaCTEPaMH BObI ynpounsiores Ha 90% no cpapxe-
HHIO C S5KBUMOJISIPHBIM KOMILIEKCOM. Crnenyer nomuepkHyts, uro paccuyHTaHHbIE Xa-
PaKTEPHCTHKY KOONIEPATHBHOCTH MOJTYYEHbI JUIS BOJIHBIX PacTBOPOB, B KOTOPhIX MO-
TYT 00pa3oBbIBaThCS KJIACTEPBI pasIHuHOro COCTaBa U CTPYKTYPBI.

Hamu 6bi10 pemeno onenurs KOONEpaTHBHOCTL BOJOPOAHOIO CBA3BIBAHHMS B
CaMOM IpOCTOM KOMILIEKCE BOMBI ¢ aLIETOHOM, Il BO3MOXHO NMpOSBIIEHHE NAHHOIO
sABneHus. Takoit cuctemoi sBseTcs TPOHHOH KOMILIeKe AMMEPOB BOZbI ¢ MOJIEKY-
J0H auetona. K COXAICHHIO, NMPOBECTH JKCIIEPHMEHTATBHOE ucciei0BaHue TPOH-
HBIX KOMILIEKCOB B PacTBOPe HaM He yaanoch us-3a CYNEPIO3ULIKH MOIOC NMOrIomIe-
HH3 Pas/IHYHBIX aCCOLMATHBHBIX (hOpM. Hostomy mwist ux usyvenns s pabote GbLu
HCTONIB30BAHBI  TEOpeTHYeCKHE MeTomp. NOMOWIBIO  THOPHAHOTO 06MeHHO-
KOppeMALHOHHOro dyHkuMonana B3LYP ¢ Gasucom 6-311++G(2d,2p) Gbiam pac-

MEp BOJBI.
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Tabn. 2

OHEepruy W SHTAILIMU BOAOPOAHOIO CBA3BIBAHMS B AUMEPE BOIbI, B KOMILIEKCAX aLETOHa
CONHOW H JBYMs MOJEKyJaMH BO.IbI (KKa/MOMb), M3MEHEHHS B AMHAX CBS3eH O-H- u
C=O-rpynn npu o6pasoBanuu BOXOPOIHOH CBS3M M MEXaTOMHBIE PACCTOAHMS (A), cnsuru
yactot O-H- u C=O-rpynn (cm™')

Mapaverpn | H,0..H,0 | (CH,),CO.H,0 | (CH,),CO.H,0.H,0 4, |
AE,, -2.79 422 -6.18 1.47
AH,. -3.28 -5.44 -6.67 1.23
Avy 108.49 178.92 209.05 1.17
AVeg - 17.92 35.66 1.98
AR, ,, 0.008 0.011 0.017 1.55
AR, = 0.006 0.009 1.50
Reo & - 1.866 1.841 -

PaBora Brinonuena npu noanepxke OLIT «Hayusbie u HayuHo-neaaroruyeckue
Kajipp! HHHOBaUMOHHOH Poccnny Ha 20092013 rogsr (I'K Ne IT] 349).

Summary

K.V. Zaitseva, M.A. Varfolomeev, T.1. Madzhidov. The study of Cooperativity of Hydrogen
Bonding of Acetone with Water.

Hydrogen bonds are one of the most important types of intermolecular interactions. They
play a huge role in many physical-chemical and biological processes. Water and aqueous
solutions deserve special attention in terms of intermolecular interactions. Water can be
imagined as a mixture of various associates coexisting at equilibrium with each other. Despite
the presence of different models describing the hydrogen bonded complexes in bulk water, the
authors concur to present water as highly associated liquid with a three-dimensional hydrogen
bonded net. Water can influence the structure, acid-base properties and reaction ability of
dissolved molecules. Specific interactions with water (solvent) have the biggest impact on
the physical-chemical properties of solutes. The peculiarities of water are associated with the
phenomenon of cooperativity, which leads to the increase in the energy of a many-particle
complex compared with binary complexes. Cooperativity determines stability of many bio-
logically important supramolecular systems. Dissolution of organic molecules in water is also
accompanied by the cooperative effects. Therefore, the studies aimed to quantify the coop-
erativity of hydrogen bonds of solutes in water are of particular interest. The complexes with
water molecules are investigated in gas phase and inert solvent including quantum-chemical
calculations. The energy of a hydrogen bond in water clusters is highly increased compared
with the energy of water dimer. Experimental investigation of hydrogen bonding of molecules
in bulk water is a difficult task.

In the current work, the investigation of hydrogen bonding of acetone with water is carried
out by IR-spectroscopy and DFT calculations. F irst, the stretching vibration frequencies of the
C=0 group referred to the free acetone molecule and to the complex with the water molecule
in various aprotic solvents are obtained. Special attention is focused on the purification of sub-
stances. An experimental methodology for the qualitative determination of the cooperative
effect in many-particle complexes of a solute molecule with water is proposed. It is based on
the linear dependence of the stretching vibration frequencies of acetone C=0 group in various
aprotic solvents upon the solvent parameter S, derived from the solution thermochemistry

of alkanes, It is shown that binding of an acetone molecule with water clusters cooperatively
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