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BryTpintHboMo/1eKynspHi BOIHEBI 3B’ 3K B MOJIEKYJTi
KBepIIETUHY: JOCJII?>KEHHS MEeTO/0M aHaJIi3y TOMOJIOTIl
€JIEKTPOHHOI I'yCTUHN

(IIpedcmasaeno waenom-xopecnondernmom HAH Ypainu /1. M. Tosopyrom)

Memodamu anaridy monosoeii eaekmpornoi ycmunu wa pieni meopii DFT BSLYP/6-31++
G(d,p) enepwe nokasaro, wo Koxcen i3 12 cmiGrur KoHPGOPMEPIE MOAEKYAU KEEPUEMUHY OTO0-
NAEHUT MEPEHCEN MPLOT SHYMPiIwHvoMoreRysapHur H-36’s3xie — deoxr OH...O i odnoeo
CH...O, enepeis axux aeocumo y meoicax 8,16—6,09 kxans/morv. puwomy cymapha enepeis
H-36’a3xi6 y kootchomy xongopmepi dewo nepesuwyye seauvuny 18 xrxan/monv. Ha npuraadi
eHEP2EMUYHO HaT8UIOHIW020 Konpopmepa nokasaro, wo H-36’s30x CH. ..O € dosoai enyurum
1 POZPUBAEMBCA NPU NOBOPOMIT BUIOBMIHEH020 PEHIABHO20 KIALUA 8IOHOCHO TMAOWUHU MOAEKY-
AU HG KYmM, Oiavwul 36 45 epad.

Kseprierun — 6ararodyakiiionaibHa 6i0JI0MYHO aKTUBHA CIIOIYKA, IO HAJIEXKUTDH 10 Kjiacy 6io-
dbaasanoinis [1]. oro mmpoKo BHKOPUCTOBYIOTH y Meaunuui Ta dapmamii ijis mpodisakTukm
Ta JIKyBaHHS JEIKUX OHKOJIOIIYHUX 3aXBOPIOBAHDL: TaK, 30KPEMa, KBEPIETHH CTPUMYE JIeHKe-
Mito Ta pak MoJsiouHOI 3ai03u [2|. Ak i inmi npuponi duiaBaHOiM, BIH TAKOXK MOKPAIIYE CTAH
cepleBo-CyIMHHOI cucremu [3].

Y pobori [4] nposeseno Budepnuuii KonGopMaIiiHuil aHAII3 MOJIEKY/IN KBEPIETUHY Y Bijlb-
HOMY CTaHi Cy4acHMMH MeTojamu KBaHToBOI Ximii. Ha pisui Teopii MP2/6-31++G(d,p) // DFT
B3LYP/6-31G++(d,p) Buepiie nokazaHo, mo Isi MOJIeKy/aa Ma€ 12 CTIHKUX IUIAHAPHUX KOH-
dopmepis, BisHocHa eHepris ['166ca KX 3HAXOIUTHCS B iana3oni 0—5 KKaJj/MoJIb 38 HOpMaJIb-
HuX ymMoB. HaBejieHO piBHOBaKHI T€OMETPUYHI XapaKTePUCTUKN OCHOBHOIO (€HEPreTUvIHO HalBuU-
rijHinoro) koudopMepa. Yci BUCOKOeHepreTrydHi KOH(OpMAaIlil OTPUMYIOTHCsSI OPTOTOHAIBHUME
KoHpoOpMaIiitHIMu Hepexogamu, 3Minamu Topciitaix KyTiB CgC7OgH1g, CsCygO7Hg, C2C103Hg,
C1C9C10C11, C13C1505Hg Ta C15C1404H7. Boanouac npu nepexo/ii B KpUCTAJIIYHUNA CTAH MOJIE-
KyJIa KBEPIETUHY 3HAYHO 1e(POPMYETHCA, HAOYyBAIOYN HEILJIOMMHHOI OYI0BH.

VY 1iit poboTi yBary CrpsiMOBaHO Ha BUBYEHHS TaKUX (PyHKITIOHAJBHO BarXKJIMBUX XapPaKTEPUC-
THK i30/IbOBAHOIO KBEPIIETUHY, STK BHYTPIIIHBO MOJeKyaapHi H-3B’sa3kn.

Metoam pocitinzkennsi. Buyrpimuasomosiekyisspai H-38’a3ku ieHTrdiKyBal METOIOM TO-
noJiorii esileKTpoHHOI rycTunu 3a Beitgepom [5]. IIpu 1ipoMy HEOOXiHOW 1 JIOCTATHBOIO yMOBOIO
IXHBOIO ICHYBAHHsI BBayKaJll HASIBHICTb KPUTHYHOI TOYKM THIy (3;—1), 10 JIEXKUTH HA BiJIO-
BijiHiit JriHil 3B’43Ky.

XBuJibOBi (PYHKINT pO3PAXOBYBaJIN, BUKOPUCTOBYIOUYH I€OMETPII0 KOHMOPMEPIB KBEPIETHHY,
orpumany Ha pieai Teopii BBLYP/6-31++G(d,p) [6, 7]. Eneprito knacnanux H-38’s3kis OH. .. O
(puc. 1) Busnauamu 3a HopMyJIo0, 3arporonosanon B pobori [8|, Fom..o = 202 - p — 1,77, ne
p — €JIeKTPOHHA I'YCTHHA B KpUTHYHINA Touri Tuiy (3; —1) Bigmosigaoro H-38’s13Ky.
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Puc. 1. Mepexxa BHyTpimHbOMOIEKYIIpHEX H-3B's13KIB (300pa’keHO IIyHKTUPOM) y €HEepPreTHIHO HalBUriaHiniHi
KOH(pOpMAITT MOJIEKYJIN KBEPIETUHY

Eneprito H-38’sa3kis CH. .. O Busnauamu 3a dhopmynoro Ecninosu (9] Ecp. o = 313,76V, e
V' — rycruna ipiany B kpuruasiii Touni (3; —1) siguosignoro H-38’s13Ky.

PesyabpraTtu Ta ixHe obroBopenHs. OTpuMaHi pe3ysiabTaTu MO0 JOCIIKYBAHIX XapaK-
TEPUCTHUK BHYTPIHbOMOJIEKYJIsipHUX H-3B’$13KiB y MOJIeKys1l KBeplieTHHY HaBeseHO B Tabur. 1.
Ixniit anasiz 103BO/sE 3p06HTH TaKi GIO(MIZHIHO BAZKIMBI BHCHOBKH.

Moutekyita, KBEPIIETUHY OXOILIEHA TPbOMA, HE3aJEXKHO Biji 11 KoHGOpMAIil, BHYTPIITHHOMO-
sekyssipanvu H-38’si3kamu. [lpu mpomy mapa kiaacuunux H-3B’sizkiB OgHg...01 1 O7Hyg...Oq,
0 3aMHUKAOThCst Ha aroM KucHio O] — akIenTop IPOTOHA, ICHYye Yy Bcix 0e3 BUHSATKY 12
koHdopmepax. Takok B ycix 06e3 BHHATKY KoH(MOpMEpax crocTepiraerbes e onwa H-3B’sa30kK
012H4. . .03.

AHaJji3 9ucI0BUX JaHUX, HaBeaeHUil y tabj. 1, 3acBiadye, 1mo eHeprisi 3aiKCOBAHNX BHYT-
pintaboMoJIeKysipauX H-3B"s13KiB j1exkurh y Mexkax 3,16-6,09 KkaJji/MoJib, TOOTO BOHA HAJIEIKHUTD
JIO KJIacy Tak 3BaHux cepejHix H-3B’a3kiB. Y Bcix 6e3 BUHATKY Bunajkax KyT H-3B’s3yBanHS
AH...O (A =0, C) rynuii i sexkurh y Mexkax 118,5-147 rpaji, npuaoMy BepXHs MeXKa Xapak-
repua Jyisi H-38’s13ky O7Hg...O1 (mus. puc. 1). 3eeprae Ha cebe yBary Toil dakr, 1o cymapHa
eHeprisi TPhOX BHYTPIITHBOMOJIEKY/IIpHUX H-3B's13KiB CKJIa€ TOCUTH 3HAYHY BesinduHy (OiabIie
3a 13 KKaJ1/MOoJIb): Iie O3HAYAE, 110 I1i crienudivHi B3a€MOIIT € KOPUCHUM CTPYKTYPHOMDOPMYIOUNM
YUHHAKOM MOJIEKYJIN KBEPIIETHHY.

[Tonepeae ocITiIzKEHHS 3aJ1€2KHOCTI €HepTil BHy TpitmaboMoieKyasgproro H-38’s3ky CH. .. O
BiJ BiAMOBimHIX KOH(MOPMAIIHHNX 3MIHHUX JIJIsi OCHOBHOI'O KOH(OPMepa MOJIEKYJIN KBEPIETHHY
(muB. puc. 1), moKa3aJu, MO BiH € JOBOJI THYYKUM 1 PO3PUBAETHCs, IOCTYIIOBO HOCJIAB/IIOI0YNCH,
[IpU TTOBOPOTI BUIO3MiHEHOrO (PEHLILHOTO KiJIbIl i3 MJIONIMHA MOJIEKY/IU HA KyT, Olibinuit 3a 45

rpaj.
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Tabauys 1. TeomerputdHi, €JIEKTPOHHO-TOMOJIOTIYHI Ta €HEPTeTUYHI XapPAKTEPUCTUKN BHY TPIIITHBOMOJIEKYIISIPHUX
H-3B’s13KiB y BCiX MOXKJIUBHX KOMMPOPMEPAX KBEPIETUHY

H-3p’s130K

Kondop- AH...O 0 a0 Ap, Eon..o/cu..o; | da.o, | du.o, dan, ZAH...O,
Mep (A=0, Q) a.o. KKaJI /MOJIb A A A rpaz
I O7Hy...0q 0,038 0,035 5,99 2,651 1,759 0,991 147,8
O3Hs...O: 0,025 0,028 3,27 2,632 2,013 0,980 119,0
Ci2Hy...O3 0,017 0,020 4,15 2,890 2,144 1,083 123,8
I O7Hy...O: 0,038 0,034 5,85 2,656 1,766 0,990 147,7
O3Hs...O: 0,025 0,028 3,31 2,629 2,008 0,981 119,1
Ci2Hy.. .03 0,018 0,020 4,19 2,888 2,140 1,083 123,9
111 O7Hy...0; 0,039 0,035 6,09 2,647 1,754 0,992 1479
O3Hs...01 0,024 0,028 3,17 2,637 2,024 0,980 118,6
Ci2H4.. .03 0,017 0,019 3,97 2,904 2,166 1,080 1234
v O7Hy...0q 0,039 0,035 6,03 2,649 1,757 0,991 147,8
O3Hs...O: 0,025 0,028 3,23 2,634 2,017 0,980 118,8
Ci2Hy.. .03 0,017 0,019 4,02 2,898 2,160 1,080 1234
\Y% O7Hy...0; 0,038 0,035 5,87 2,655 1,765 0,990 1477
O3Hs...O: 0,025 0,028 3,27 2,631 2,013 0,980 118,9
Ci2H4.. .03 0,017 0,019 4,00 2,900 2,162 1,080 1234
VI O7Hy...04 0,039 0,035 6,07 2,647 1,755 0,992 147,8
O3Hs...01 0,024 0,028 3,16 2,637 2,025 0,980 118,5
Ci2H4.. .03 0,017 0,019 3,97 2,893 2,167 1,081 1224
VII O7Hy...O1 0,038 0,035 5,95 2,652 1,761 0,990 1477
O3Hs...O: 0,025 0,028 3,22 2,633 2,019 0,980 118,7
Ci2H4.. .03 0,017 0,019 3,99 2,903 2,164 1,080 123,5
VIII O7Hy...O1 0,038 0,035 5,92 2,653 1,763 0,990 1477
O3Hs...O: 0,025 0,028 3,21 2,634 2,020 0,980 118,6
Ci2Hy.. .03 0,017 0,019 4,01 2,891 2,163 1,081 122,5
IX O7Hy...O1 0,038 0,035 6,00 2,650 1,758 0,991 147,8
O3Hs...O: 0,025 0,028 3,24 2,633 2,015 0,980 118,9
Ci2Hy.. .03 0,017 0,020 4,16 2,894 2,143 1,083 124,2
X O7Hy...04 0,039 0,035 6,07 2,647 1,755 0,992 147,9
O3Hs...O: 0,025 0,028 3,18 2,636 2,022 0,980 118,7
Ci2H4.. .03 0,017 0,019 3,97 2,901 2,166 1,080 1231
XI O7Hy...O1 0,038 0,035 5,86 2,655 1,766 0,990 1477
O3Hs...O: 0,025 0,028 3,29 2,630 2,010 0,981 119,0
Ci2Hy.. .03 0,017 0,019 4,16 2,894 2,143 1,083 124,2
XII O7Hy...O1 0,038 0,035 5,93 2,653 1,762 0,990 1477
O3Hs...O: 0,025 0,028 3,23 2,633 2,017 0,980 118,8
Ci2H4.. .03 0,017 0,019 3,98 2,900 2,165 1,080 123,1

IIpumirTka. pi Ap — 3HAYEHHS €JEKTPOHHOI I'yCTHHHU 1 JlaljlaciaHa eJIeKTPOHHOI I'YCTUHU B KPUTHUYHIN TOUI]
tumy (3; —1) Bigmosigno; Eon...o/cH...0 — enepria H-38’asxis OH...O i CH... O sigmosizmo.
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N. A. Tlporenko

BryTpumosiekysisipHble BOJIOPOJHbIE CBA3U B MOJIEKYJle KBepIleTUHA:
UCCJIeJOBAaHNE METOJIOM aHAJIU3a TOMNOJIOTUU 3JIEKTPOHHOU IJIOTHOCTU

Memodamu anaausza monosoeuu ssexkmpontnol naommnocmu na yposwe meopuu DFT B3LYP/6-
31++G(d,p) enepsvie nokazano, wmo kaxcoud us 12 ycmotuusor KOHPOPMEPOE MOAEKYALL KEED-
UEMUHG 0TEAYUEH MPeMS BHYMPUMOAERYAAPHbMU H-ceasamu — deymsa OH...O u odnum CH. . .O,
anepaus kKomopouix aeoicum 6 npedeaar 3,16—6,09 xxan/monv. Hpuuem cymmapran snepeus H-ces-
3etl 6 Kaotcdom Kongopmepe Heckoavko npesovuuaem seauvuny 13 xkan/morv. Ha npumepe snepee-
muvecku nauboaee 6vi200n020 Konpopmepa noxadano, wmo H-ceasv CH...O docmamouro npounas
U PA3PHIBAETNCA NPU NOBOPOME GUIOUIMEHEHHO20 PEHUABHOZ0 KOALUL OMHOCUMEALHO NAOCKOCTIU
MOAEKYADL HA Yo bonee 45 epad.

I. O. Protsenko

Intramolecular hydrogen bonds in a quercetin molecule: a study by the
method of analysis of the electron density

Using the method of analysis of the electron density at the level of the theory DFT B3LYP/6-31
++G(d,p), it is shown that each of twelve stable conformers of a quercetin molecule has three
intramolecular H-bonds — two OH...O and one CH...O, whose energies lie within 3.16-6.09
kcal/mol. Moreover, the total energy of H-bonds in each conformer is a little bit higher than the
value of 13 kcal/mol. For the most energetically favorable conformer, it is shown that the H-bond
CH. . .O s quite flexible and is broken when the modified phenyl ring is turned relative to the plane
of the molecule by an angle of more than 45 degrees.

ISSN 1025-6415  Reports of the National Academy of Sciences of Ukraine, 2014, N7



