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B nacmosaweii cmamoe npedcmasnenvl pe3ynvmamsl K6AHMOBOXUMUYECKUX PACUENO8 acCoyuama 08yX MOLEKYI dMu-
7106020 cnupma u mpéx monexyn 600vl memooom DFT-PBEOQ/6-311g**. [ns onmumuzayuu 2eomempuu no 6cem napa-
MEMpam UCnoNb308ALCs 2PAOUEHMHbLIL MemoO. B npoyecce nonyuenusi 600HO-CRUPMOBbIX paAcmeopos NPOUCXOOUM Gbl-
Oenenue menia u cocamue odbema pacmeopa. Jmo sejieHue Hazvieaemcs Konmpaxyuel. Beruuuna cocamus enauane
so3pacmaem ¢ y@enuyeHuem KOHYeHmpayuu cnupma, 00cmueaen MakCuUMyMd npu coOeplIcaHuu e2o 8 pacmeope 45-
48% macc., a 3amem cHo8a ymeHvuiaemcs. Imo asienue 00vACHAEmcs uopamayuell CRUpma, m. e. 83aumMooelcmauem
€20 ¢ 8000l ¢ 00paA308aAHUEeM XUMUYeCKux coeounenut. [1] s nomyuenus onmumMusupoSaHHO20 2eoMempuiecko2o u
NMEKMPOHHO20 CMPOEHU, U3YHAeMO20 Accoyuamad, 08e MONEKYbl IMULO0B020 CRUPMA + Mpu MOLEKYIbl 800bl, MO
ecmb 0ns1 onpeoeneHus. KoHgopmepa - CmepeousoMepHoll CmpyKmypbl, 001a0arouuli MaKkCUMAaibHo OMpUyamenIbHou
9Hepeuell, U3yiaemMo2o COeOUHeHUusi OOHUM U3 AGMOPO8 Hacmosweli cmamovu 6bl1a paspadomana cneyuaibHas npo-
2pamma Onsl paciema KOHQUSYPAYUOHHBIX 83AUMOOEUCMBULL, 8X00AWUX 8 COCMAB accoyuama urepeoueHmos. llpeosa-
pumenvHo, 6vi1 HallOeH KOHpopMep MONEKYIAPHOU CUCEMbl, COCMOAWUL U3 08YX UHZPEOUeHMO8: CHUPM — CRUpPM,
3amem U3 mpex: CHupm — cnupm - 00a u m.o. B koneunom cueme uccned08anuch 6ce 803MONCHbIE KOMOUHAYUU 63AU-
MoOelicmeus accoyuama 08e MONeKYIbl CRUPmMa U mpu MoieK)yivl 800bl, U Obl1 HALlOeH KoHpopmep 05 8cex NAMU KOM-
NOHEHmMO8 OJisl KOMOpPo2o GblnonHsics paciem memooom DFT. B pesynvmame noiyueHo OnmuMusupo8anHoe 2eomem-
puueckoe u 3MeKMpPOHHOe CIMPOeHUe U3YHaAeMo20 accoyuama (Kongopmepa) u meopemudecku paccuumana KUCiomnast
cuna amoeo coedunenusi (pKa=15, pKa — ynusepcanvhulii nokazameib KUCIOMHOCMU). Ycmanosneno, umo smom ac-
coyuam omuocumcs K Kkaaccy ciabuvix kuciom (pKa>14) Ilonyuennvie 0annble K6AHMOBO-XUMUYECKUX PACHENO8 MO-
2ym 6bimb UCNONb306aHbI NPU 0OBACHEHUU A6/1eHUSL KOHMPAKYUU HA KEAHMOBOM YPOGHE.
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This article presents the results of quantum chemical calculations of the associate of two ethyl alcohol molecules and
three water molecules using the DFT-PBE0/6-311g** method. The gradient method was used to optimize the geometry
in all parameters. In the process of obtaining aqueous alcohol solutions, heat is released and the volume of the solution
is compressed. This phenomenon is called a contract. The amount of compression initially increases with increasing
alcohol concentration, reaches a maximum when it contains 45-48% by weight in solution, and then decreases again.
This phenomenon is explained by the hydration of alcohol, i.e. its interaction with water to form chemical compounds
[1]. To obtain an optimized geometric and electronic structure of the studied associate, two molecules of ethyl alcohol
+ three molecules of water, that is, to determine the conformer - stereoisomeric structure with the maximum negative
energy of the studied compound, one of the authors of this article developed a special program for calculating the
configuration interactions of the ingredients included in the associate. Previously, a conformer of the molecular system
was found, consisting of two ingredients: alcohol — alcohol, then three: alcohol — alcohol - water, etc. Ultimately, all
possible combinations of the interaction of the associate two alcohol molecules and three water molecules were
investigated, and a conformer was found for all five components for which the DFT calculation was performed. As a
result, an optimized geometric and electron structure of the studied associate (conformer) was obtained and the acidic
strength of this compound was theoretically calculated (pKa=15, pKa is a universal indicator of acidity). It has been
established that this associate belongs to the class of weak acids (pKa>14). The obtained data from quantum chemical
calculations can be used to explain the phenomenon of contraction at the quantum level.
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HecMmotpst Ha TO, YTO cuCTeMa STHIOBBIM CHOHUPT —
BOJa IIMPOKO HCIOJIB3YyeTCsS B HACTOSIIEE BpeMs, B
MEJUINHE, HayKe, TEXHUKE ¥ IPOMBIIUIEHHOCTH 0 CUX
[IOp KBAaHTOBOXMMHUYECKUN PacuéT 3TOH CHUCTEMBI U B
YyacTHOCTH accouuara jase Mojekynsl CoHsOH u tpu
mosekyisl HoO wmeromom DFT B Oasuce 6-311G**,
KOTOPBIN HAWITy4YIIUM 00pa3oM YyUHTBIBAECT KOPPEISLHUIO
9JEKTPOHOB  [2] [0 HACTOSALIEr0O BpPEMEHU He
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pamkax
MOJISKYJISIPHOH MOJIEIM B Ta30BOH (haze B OCHOBHOM
COCTOSHHUH. M3y4asoch reOMETPHUECKOE 3IEKTPOHHOE
CTPOEHHE  JIECATH  BCEBO3MOXKHBIX  KOMOHMHAIMH
B3aUMOJIEHCTBHS MOJIeKyIl sTuioBoro crimpra(CzHsOH)
- A Bomsi(H20) - B:

A+A+B+B+B
A+B+A+B+B
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MeTtoauyeckas yacTtb

Juis pacuera KOHQHUTYpPaMOHHBIX B3aMMOJICHCTBUN
BOIbl U CIUpPTAa OJHUM W3 aBTOPOB JaHHOM Hay4HOM
cratbu  AHapeesiM J[. C. Obuia paspaborana
MporpaMMa, CMBICH aJIrOpUTMa KOTOPOH 3aKII0YaeTcsl B
ciepyromeM.  PaccmoTpuMm, — HampuMmep, — IEpBYIO
KOMOMHAIIMIO: CIUPT + cnupT + BoAa + Bojga + Boja.
CHauana BBIIOJHAETCS Pacd€T MOJAEIH BCEBO3MOMHBIX
KOHQUTYpaIuii cnupT + COUPT JUIS  ONpPEACICHUS
KoH(popMepa (TO ecTb KOH(PUTYpallii MOACTH CIUPT +
CImpT, obNamaromell MUHUMaJIbHOM SHeprueii). Jaiee
BOKPYT 3TOTO KOH(OpMepa BpaIIaeTcs TPEThs MOJICKYIIa
CIHpPTa W CHOBAa HAXOAWTCS KOH(pOpPMEp I MOMACTH

COUPT + CIUPT + CIUPT, 3aT€M aHAJIOTUYHO JISI MOJENHU
CIIMPT + CHMPT + CHHUPT + BOJA, U TaK K€ — JJId BCEX
octanbHbIX Mozeinel. M3 10 nomydyeHHbIX KoH(pOpMepoB
pa3HBIX KOMOHMHaIued BeIOMpalicsi KoH(opMep, Takxke
obnanmaromuii HaMMEHbLIEH »HHeprueil Mo MOIYIIO.
IMocnenuuit koHGOPMEp KOOMHUHAIIMK CIHPT + COHPT +
BOJIa + BoAa + BOJA SBJIACTCSI HCKOMBIM, JJI1 KOTOPOTO U
BBINOJTHSAJICS KBAHTOBBIM XUMHUYECKHN Pacd€T METOAOM
DFT-PBEOQ/6-311g**. [Jlns peamw3aluu 3TOH IEIH
HCIIOJIB30BAIHCE TPOTpaMMEI [3-5].

Pe3ynbraTthl pacyeToB

OnTuMH3NpOBaHHOE reOMETPHUYECKOE u
SNIEKTPOHHOE CTPOCHHE accoluara JBYX MOJIEKYN
STUJIOBOTO CIHPTA M TPEX MOJEKYN BOABI MOKA3aHbI Ha
puc. 1. m B Tabm.l. Hcnonesys ¢opMyrry OLEHKH
YHHBEpPCAJILHOTO TOKa3zarelnsi KucioTtHocTH (pKa) mis
MeTojIa DFT-PBEO0/6-311g**: pKa=51.048 -
150.078(¢max"" (tme qmax'*= +0,24 — MaKCUMAaJBHBII
3apsi] Ha atoMe Bojopoza, cM. tabi. 1) [6-15], Haxoaum
3HaYeHHE KUCIOTHOU cuibl pKa=15. Dto rosopur o
TOM, YTO HM3YyYaeMbIH accompaT OTHOCHUTCS K Kiaccy
o4eHsb ci1adbix H-kucnor (pKa>14).

Taﬁ.lmua 1- OHTI/IMPBI/IpOBaHH])Ie JAJITHHBI cnmeﬁ, BAJICHTHBIC YIJIbI M 3apPSAAbl H3y4Ya€eMOT0 KOH(l)OpMepa

Table 1 - Optimized bond lengths, valence angles and charges of the studied conformer

JyimHbI cBA3eH R,A BaJjieHTHBIE YIVIBI I'pan ATom 3apsaabl Ha aToMax
MOJIEKYJIbI

O(1)-H(3) 1.03 H(2)-0(1)-H(3) 107 0(1) -0.4535
0O(1)-H(2) 1.00 H(14)-0(13)-H(15) 107 H(2) 0.2285
O(13)-H(14) 1.03 H(26)-0(25)-H(27) 110 H(3) 0.2356
0O(13)-H(15) 1.06 H(24)-O(18)-C(17) 110 C(4) -0.3378
0O(25)-H(26) 1.03 0(18)-C(17)-H(22) 106 C(5) -0.0254
0O(25)-H(27) 0.99 0(18)-C(17)-H(23) 110 O(6) -0.3885
0(18)-H(24) 1.02 0(18)-C(17)-C(16) 112 H(7) 0.1020
0(18)-C(17) 1.45 H(22)-C(17)-C(16) 110 H(8) 0.1057
C(17)-H(22) 1.09 H(23)-C(17)-C(16) 110 H(9) 0.1171
C(17)-H(23) 1.10 C(17)-C(16)-H(19) 110 H(10) 0.0897
C(17)-C(16) 1.53 C(17)-C(16)-H(20) 111 H(11) 0.0788
C(16)-H(19) 1.10 C(17)-C(16)-H(21) 110 H(12) 0.2341
C(16)-H(20) 1.10 H(19)-C(16)-H(20) 109 0(13) -0.4996
C(16)-H(21) 1.10 H(19)-C(16)-H(21) 108 H(14) 0.2439
0(6)-H(12) 1.06 H(20)-C(16)-H(21) 109 H(14) 0.2360
0O(6)-C(5) 1.46 H(12)-O(6)-C(5) 112 C(16) -0.3337
C(5)-H(10) 1.09 0(6)-C(5)-H(10) 106 Cc(@17) -0.0222
C(5)-H(11) 1.10 0(6)-C(5)-H(11) 110 0(18) -0.3580
C(5)-C(4) 1.53 0(6)-C(5)-C(4) 111 H(19) 0.1029
C(4)-H(7) 1.10 H(10)-C(5)-C(4) 111 H(20) 0.1062
C(4)-H(8) 1.10 H(11)-C(5)-C(4) 111 H(21) 0.1011
C(4)-H(9) 1.10 C(5)-C(4)-H(7) 110 H(22) 0.0923
C(5)-C(4)-H(8) 111 H(23) 0.0802

C(5)-C(4)-H(9) 109 H(24) 0.2460

H(7)-C(4)-H(8) 108 0O(25) -0.4548

H(7)-C(4)-H(9) 108 H(26) 0.2313

H(8)-C(4)-H(9) 110 H(27) 0.2422
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Puc. 1 - OnTuMHU3MpOBaHHAS ATOMHO-MOJIEKYJISIPHAs
CTPYKTYpa H3y4aeMoro KkoH$opMepa

(Eo=-1406572 x/{:x/M01b, Esn = -2901970 x/Ix/MoJ1B)

Fig. 1 — Optimized atomic-molecular structure of the
studied conformer (Eo=-1406572 kJ/mol, Eei= -
2901970 kJ/mol)

3aknroyeHue

Taxnm 06p330M, HaMHu OBLI BIICPBLIC BBINIOJHCH KBAaH-
TOBO-XHMHYECKHUH pacdueT acconyara ABYX MOJICKYII
3TUJIOBOTO CIIUPTA U TPEX MoJieKya BoAbl MeTogoM DFT.
Honyqua ONITUMU3HUPOBAHHAsA II0 BCEM IIapaMeTpam
ATOMHO-MOJICKYJISIpHAsT CTPYKTypa KoH(opMepa u3yya-
€MOTI'0 acconuara. TeOpeTH‘IeCKH OLICHCHA KHCJIOTHas
CHJIa 3TOTO acconuara. HOKaSaHO, YTO OH OTHOCHUTCA K
KJIacCy OYeHb CnabblX bBpeHCTeNOBCKMX — KHCIIOT
(pKa=15).
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