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CIEKTPOCKOIIII TA PO3PAXYHKIB METOOM DFT

Cnexmpaavni cmyzu wucmoi 2-miopenkapborosoi xucaomu (TCA) ma it poswuny 6 emano-
2 (EtOH) docaidoicysanu 6 wupokomy 0ianasoni 3a 00nomoz010 KoAUBAALHOT CNeKmpocKonii
(Raman ma FTIR). Y posuuni TCA 3 emarosom maxcumymu cmye sarernmuur C=0, O—-H,
i C-H xoausans ma cmye duzarvruxr C—H xoausand maromov wepsonuli abo cunit 3cys. Lle
68KA3YE HA Me, W0 8 POZYUHAL UMOBIPHA HAASHICTb 600HESUX 36 A3KI6, 6aH-0eP-8GAABCIBCHKOT
63aeM001E Mma 63aemodii 2inep-kon eauii. Ananiz memodamu MEPS, FMO, AIM, NCI, RDG,
ELF ma LOL nposoduscs 3 BUKOPUCTNAHHAM KEAHMOBO-TIMIHHO20 004UCAI0E8AAbHO20 NIATOY
na ocrosi meopii dyrkyionana eyemunu (DET). /las 6i3yanvhozo 6idobpasicerms po3nodiay
3apadi6 Y KOMNAEKCAT A BUSHAUEHHA 3GPAV03ANEHCHUT TAPAKMEPUCTIUK SUKOPUCTNOBYEANU-
ca manu MEPS. I'panuuni MorekysapHi opoimani 6Yiu 6uKOpUCMaHi OAL NOACHEHHA TIMIWHOT
peakuitinoi a3dammnocmi TCA, 6020 MOAEKYAADHOL CABIABHOCTL, G MAKOAHC EACKMPULHUT T
onmunHuUx eaacmusocmeti. 32idno 3 ananizom memodamu AIM, NCI ma RDG, xomnaexcu
TCA ma TCA-EtOH nepesasicro maroms H-36’a3ku nomiprot MiyHocmi.

Katwwoei caoea: Bibpariiina criekTpockorrisi, po3paxyHok merogom DFT, mixkmosekyssp-

Ha B3a€MO/Iisl, TOIOJIOTIYHI TapaMeTpH.

1. Bectyn

Isaruasenni cipkoBMicHI reTeponuKIId, 30KpeMa, Io-
ximHi Tiodeny, Haby/ M 3HATHOTO TTOMMTUPEHHS 3aB/IIKN
IX 3aCTOCYBAHHIO B TEXHIIll, MeIUINHI, TOOYI0BI Cy-
MIPAMOJIEKYJISTPHUX KapPKACIB Ta HEJIIHITHUX ONTUTHUX
Mmarepianax [1]. Yepes me yBary JOCHIJIHUKIB IpH-
BepHysM noxiaui Tiodeny [2-9]. V uiit pobori mocsi-
IKyeTbes 2-riodenkapbonosa kucsora (2-thiophene
carboxylic acid, TCA). Ile — 6iosoriuno akTHBHA Xi-
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MiYH& PEYOBUHA, IO IMUPOKO BUKOPUCTOBYETHCS B
meuimHi. B pobori Sarswat Ta in. [10] o6unciosa-
Jmcs Ta jocimKyBasucst Oyp’e nepeTBOpeHHsT paMa-
HiBCbKUX crekTpiB miel kucjgoru. TCA Takoxk mociii-
JKyBaJiacs Ha 1moBepxHi Ar 3a jjonomororo SERS mij-
xozy [11]. Karthick ra in. [4] BuBuamm B3aeMomito Mizk
MoHOMepamu Ta guMepamu TCA 3a JI0IIOMOTOI0 eKc-
[EPUMEHTIB, O0YHNC/IEHb, Ta MPOBEJICHHS KOJUBAIb-
HOT'0, TEOMETPUIHOTO, CTPYKTYPHOTO Ta JOKIHIOBOTO
aHAJII3iB.

Y nmociimkeHHi, MO TPOTOHYETHCS JIO yBaru, B3a-
emonil Ta crnekrpajbui nposisu TCA ra i1 po3un-
uiB B eranosi (EtOH) mociimkysamnucsa 3a 10moMo-
roio pamaniBcbkoi Ta Y cmekTpockormii, a TakoxK
TorostorigHoro aHamizy. Kpim Toro, y kKominiekcax
TCA + EtOH mocutipKyBajucs KBAHTOBO-XIMIYH] 118~
paMeTpH, Taki K MOBEPXHS EJIEKTPOCTATHIHOTO TI0-
rennianay mosiekyau (molecular electrostatic potenti-
al surface, MEPS), rpannuna Mosekyisipaa opbitab
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(frontier molecular orbital, FMO), aromu B MoJieKy-
sax (atoms in molecules, AIM), 3menienuit rpasiesr
konrenTpanii (reduced density gradient, RDG), nexo-
BaJIeHTHa B3aeMo/isi (noncovalent interaction, NCI),
dbynkuii nokamizaii enekrponis (electron localizati-
on functions, ELFs) Ta jiokaTop J0Kaai30BaHux op-
Gitaseit (localized orbital locator, LOL). Posyminms
MmikMmostekyaspanx B3aemosit TCA B pisnux po3duns-
HUKaX MOXKe JJaThu KOPUCHE YABJIEHHA IIO/I0 1T nep-
CIIEKTUBHOI'O BUKOPHUCTAHHSA B PO3POOI JIKiB, Ma-
TepiaJIO3HABCTBI Ta MOJIEKYJIAPHIN iHKeHepil, a Ta-
KOXK TIJIKPECTUTH 11 BaXKJIUBICTh SIK T€MH HayKOBUX
JTOCJIi T>KEeHb.

2. ExcnepuMeHTaIbHI
Ta 00YMCIIOBAJIbBHI MeToau

CrexTpu KOMOIHAIITHONO PO3CiIOBaHHST YUCTOI 2-Tio-
denkapbonosoi kuciaoru (TCA) ta i1 po3uuny B era-
womi (EtOH) Gynu 3apeecrpoBani Ha paMaHIBCHKO-
my crrekTpomeTpi Renishaw Invia. ExcriepumenTtaibai
YMOBH OyJIM JeTaJIbHO ONMCAHI B HAINIAX HOMEPEIHIX
nybaikanisix [12, 13]. Indpadepsoni (I9) crexkrpu
Oy OTpMMaHI 3a JIOIOMOTOK (DY’ €-CIIEKTPOMETPA
IR Affinity-1S. ExkcriepuMenTr MPOBOIUINCS TTPH MO-
asgpaux (M) KoHIEHTpAIsX, a CIIeKTPH BiATBOPIOBa-
qcst 3a poromororo nporpamu Origin 8.5 [14].
KBaHTOBO-XiMiuHE MOJIEIIOBAHHS ITPOBOJIMJIOCS 33,
JIOTTOMOTOI0  TTporpaMuoro  3abesmevennst Gaussian
09W [15] Ta meromy Teopii dyHKIioHAIA IIIILHOCTI
(density functional theory, DFT). T'o6anbui onru-
MaJIbHI CTAaHM JIJTs PI3HUX KOMILIEKCIB CIIOYUATKY 00-
yucsoBasucsa 3a gornomoror mporpamu ABCluster
[16], a moTiM IEpEpaXOBYBAJIMCS 38 JIOIIOMOIO 6a3n-
cHoro Habopy B3LYP/6-3114++G(d.p) [17, 18]. IIpo-
rpama Multiwin 3.8 [19] BukopucroByBasacs s po3-
PAaXyHKY Pi3HUX TOIOJIOTIYHUX TTapaMeTpiB, AKi TOTiM
BimoGparkasmest 3a monomororo VMD 1.9.3 [20].

3. PesyabTaTu Ta ix 0OroBOpeHHS

3.1. Koausaavruli aHai3
posuwunie TCA 6 EtOH

KosuBanbna CHEKTPOCKOIsT € KOPHUCHHM METOIOM
JIJIST JTOCJIIJIZKEHHSI HEKOBAJIEHTHUX B3a€MOJIiil, 30Kpe-
Ma BOJHEBHUX 3B’s3KiB [21-25]. V 1iii po6ori KoJu-
BasbHi ciekTpu TCA B pozunnax EtOH nopisuioBa-
JICS 3 TAKAMH, IO OyJin OTPUMAHI B YACTOMY CTaH.
OCKiJIbKY aKTHUBHICTH KOMOIHAIITHOTO pPO3CilOBaHHS
Ta [Y po3scitoBanHs B KOJUBAJIbHIHM CIIEKTPOCKOTIT 3a~
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Puc. 1. Cuexrpu xombinamiiinoro posciroBaunus TCA B pos-
annax EtOH
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Puc. 2. 1Y cuekrpu TCA B pozunnax EtOH

JIEYKUTH BIJI MOJITPU3Allil Ta 3MiH JIMIIOJIBHOTO MOMEH-
TY, BiJITOBiTHO, X BUKOPUCTAHHS € B3AEMOJIOTIOBHIOIO-
qnm. Ha puc. 1 ta 2 300paxkeHi criekTpu KOMOiHAITIH-
uoro poscitoBanns ta [ norsmuanus gucroi TCA ta
11 pozunniB B EtOH npu pizHux MOJSIPHUX KOHIIEH-
rpanisx. Komupasabhi uacrorn (po3moi noTeHiiiHol
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enepril, potential energy distribution, PED), gxi no-
B’si3ani 3 kKoxkauM atomMoMm TCA, Gyu moaibHuMu 110
pe3yJIbTaTiB, HaBeJeHnX y Jireparypi [4].

Binbaa rigpokcuibHa rpymna CyTTEBO IOIVIMHAE B
obmacri 3584-3700 cm~ !, ase cTBOpeHHS MiXKMOJIe-
KYJISDHUX BOJHEBUX 3B’SI3KIB MOXKE 3MEHINUTH Ya-
crory BasienTHuX 3B'#3kiB O-H B miamazomi 3200-
3500 cm~! [26, 27]. Brigmo 3 puc. 2, B 19 cmekTpi
TCA B pozunni EtOH makcumym komusans O—H Bin-
nosizae 3333 cm~! npu xommenrtpamii 1 M, ane npu
kounenTpanii 0,25 M Biu crae pipauM 3331 cv !, mo
BKa3y€ Ha 9YepPBOHUN 3CyB 3aBisku H-3B’s3Ky.

Xoua crabka B3a€MOJis BiOYBA€ThCs depe3 3B si-
3ok C—H iy yac yTBOpeHHST MOJIEKYJISIPHIX KOMILITE-
KCIB, OCTaHHI BIJIIrpalOTh CYTTEBY POJIb B YTBODPEHHI
pevoBunu [28, 29|. TeTepoapomMaTuyHi CHONYKH, Ta-
Ki gK ¢ypanu, miposu Ta TiO(pEHHU, JTEeMOHCTPYIOTh
cmyru BasjenTHHX KosimBanb C-H y mianazomi 3100—
3000 em~ L. ¥V mpomy crenapii (puc. 1) maxcumy™m cu-
MEeTPUYHOI cMyTH BajieHTHuHX KojumBanb C—H dwmcrol
TCA sinmosigae 3102 cm~! y pamaniBeeKiil ciekTpo-
ckorii, ajie B 1-M pozunni EtOH makcumym craso-
BUTDL 3112 cm ™!, TO6TO 3i 3cyBOM Yy CHHIO 06JIACTD HA
10 em~!. MakcuMyM 3 HEH3BKOIO iHTEHCHBHICTIO IIPH
3083 cm~! Bkasye ma acumerpuune posrarysanns C—
H, sixe e Gyso BusiBjieno B posunni EtOH. BasenTni
konusannga C—H B EtOH moxkua BusBuTH 3a J10IO-
moroto cmyr 2881, 2931 ta 2975 cm~ ! (wepsowmi -
HiT), siKi He 3MIHIOBAJIMCH 31 3MEHIIEHHSAM KOHIICHT-
pamii EtOH.

B IY criekpi (puc. 2) MAKCUMyM BaJIEHTHUX KOJIU-
Baub C—H uncroi TCA sinnosinae 3096 cm— !, makcu-
myM BastenTHuX KostuBanb C—H EtOH y pozunni 1 M
BimmoBinae 2974 cM™!, a Koim KOHIEHTpAIlis 3MeH-
myerwes 10 0,25 M, BinOyBaeTbcst 4epBOHUIL 3CYB 110
2972 em L.

Banentni konmuBanus C=0 3a3Budail po3riisiiao-
ThCSI SIK OCOOJIMBA IACTOTA, JIJIsT KAPOOHOBUX KUCJIOT, i
B uncriit TCA neit MakcumyM BunuKae mpu 1638 em—!
B paMaHiBCHKOMY CIIEKTPIi, 3 BiJTHOCHO HEBEJUKOIO iH-
TercuBHicTIO B po3unni (puc. 1). Xapakrepui cMmyru
MONTMHAHHS BaJleHTHUX KoauBanb C=0 y Kuciorax,
K ITPABUJIO, MAIOTh BUCOKY iIHTEHCUBHICTH 1 PO3TAIIIO-
Bani B o6macti 18001690 cm~!. YV TCA crpsizkenns
3B’s13kiB C=0 1a C=C 306i/1bllIy€e 9acTOTy PO3TATYBa-
HHsT KapOOHITBHUX Ipyn. MakcuMyM BaJleHTHUX KO-
musans C=0 B 1Y nianmasoni cramosutsh 1663 M1,
aJte ipu pozuntenni TCA B EtOH Bin 3mimmyernest 10
1688 cm L.
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Ha puc. 1 nokazano, mo B uucriii TCA rosmBan-
st CC+CHC ta HCH 3naxongarhest na pisai 1418 ta
863 cm ™!, BixmosigHO, TOM K Y PO34YMHI BOHU 3Millle-
Hi B CHHIO CTOPOHY 70 1426 Ta 886 em~ !, Bimmosingao.
Komusanbna cucrema CC + OCO + CS 3mingyerbest 3
1080 10 1100 em~!. Tmmi cMyrm He mokaszaim cyT-
TeBux 3Mmin. Ha pwuc. 2 mokazano, mo B [4 cmekTpax
kosmmBanus Kiibiig CHC + CC + CH 3wirreni B cunio
cropony 3 1528 o 1531 cm™ !, Toxi sx emyra COH +
+ CC + CO 3wmimena B uepBony cropony 3 1431 no
1418 cm—!. Kpim Toro, crmocrepirajgocs uepBoHe 3Mi-
menns mua koausanb HCH + CS + OCO, HCH +
+CS + CC; HCH + CH (xinsne), HCH, CH (xinb-
ne) + CS + CC ra CS + CH (xinbue) y nopiBHanHI
3 YMCTUM CTAHOM, TOMI AK Jyist KojuBanua HCH +
+ CS + CC BUSIBIIEHO CHUHE 3MIiIICHHSI.

3.2. IlosepxHi moreKYyaAPHO20
eNexmpocmamuvHo20 NOMeHUiary
(molecular electrostatic potential
surfaces, MEPSSs)

MEPS anasiiz € BaxKJIMBUM [1JIsI PO3YMIiHHSI €JIEKTPO-
dbinbaEx (HEraTuBHUX) Ta HyKJIeoDIbHUX (IO3UTHB-
HHX) aCleKTiB XIMIYHUX [PONECiB, 10 BKIOYAIOTH
BHYTPIIIHROMOJIEKYJIIPHE TIEPEHECEHHS 3apsiy, BO-
JHeBl 3B’a3ku Ta i B3aemoil [30-34]. MEPS ma-
IyBaHHS TAKOXK € METOJOM PO3PAaXyHKY Ta KapTy-
BaHHsI €JIEKTPOCTATUYIHOIO IIOTEHIHAay MOJIEKYIU B
pisuux Mmicigx 11 moBepxHi. KosibopoBe 3abapBiieHHsI
pO3pisHsie eeKTpodiabHy Ta HyKJIeoMIbHY JIOKATI-
zanii. [TosurusHi (nyksiaeodinbui) obiacri, skum 6pa-
KY€ eJIEKTPOHIB, ITPEJICTABJIEH] CHHIM KOJILOPOM, He-
raruBHi (eseKTpodiabHi) obsacti, siki MATh BeJH-
KY KIJbKICTh €JIeKTPOHIB, 3a0apBJeHi YePBOHUM KO-
JILOPOM, & HeHTpaJsIbHi 06/1aCTi MpeIcTaBIeH] 3eJIeHIM
KOJIBOPOM.

Ha puc. 3 yropi 3o6pazkena kmacudikallisi KOabo-
pie Ha MEPS wmamnax. Ejiekrpocrarudsuii moreHii-
aJl 3pOCTa€ B TAKOMY IOPSIJIKY: YEPBOHWMI — ITOMa-
pandeBuii — koBTHil — 3ejeHuit — cuniii. MEPS
Mamna JIeMOHCTPYE, M0 aTOMU KHCHIO B KapOOKCHJIb-
Hiit Ta rigpokcmibniit rpymax TCA maiorTh HeraTws-
HUIl TTOTEHIIIaJI, OCKIJIbKN YePBOHMII KOJIIp BKa3y€ HA
e1eKTPOodiIbHY 00IaCTh MOJIEKYJIH, sIKa MA€ HAO11h-
it HeraTuBHMM 3apsi. CruHil KOJIIip HABKOJIO ATOMIB
BOJHIO TTOKA3y€ MMO3UTUBHUIA 3apsiy HyKJIe0DiTbHOTO
dparmenTa, TOAl IK KOBTHIH KOJIp MO3HATAE 00JIACTD
3 Jemnio OibIIoI0 KiJbKicTio enekTponiB. liarpama
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a) TCA
5.641 e?

Gig

-5.641 ¢

¢) (TCA)

-3.096 ¢ 3.096 e

¢) TCA-(EtOH),

-3.584 ¢ 3.584 ¢

4.217 e?

P

MEPS rtako:k mpejcraBieHa JJis JUMepa 1 TpHUMe-
pa TCA ta xommuekcis TCA 3 EtOH. Iorennianbni
eHepril 111 MoHOMepa, auMmepa ta Tpumepa TCA cra-
HoBATh (—5,641e2-5,641e~2) ar.om., (—3,660e 2
3,660e2) atr.om. Ta —4,302e2-4,302¢"2 at.0., Bij-
nosigHo. [liarpama moka3ye, IO KOJIM MOHOMEp
[IEPETBOPIOEThCST HA JIUMEp 1 TpuUMep, KHUCEHb y
KapOOKCUJIbHIA Ta TiAPOKCWIbHINA rpynax (4epBo-
HUI KOJIIP) YTBOPIOE KOMILIEKC, & HEraTHBHUIl ejie-
KTDPOIOTEHIA] 3MEHITYeThCsl (KOMp 3MIHIOEThCS HA
JKOBTHIT). 3HAUEHHs] MOTEHIATy 3MeHIIyBaJocs 3i
36ibIIeHHsIM po3Mipy KoMmitekcy. Kommieke TCA—
EtOH wmae mnajiBume 3uadenns norenniany MEPS
(—4,302e72-4,302¢72) aT.0. cepe yciX KOMILTEKCiB
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b) (TCA):

f) TCA-(EtOH)s

-3.575 ¢ 3.575 ¢

Puc. 3. MEPS niarpamu (TCA),
(n = 1-3) ta xommyuekcis TCA +
+ (EtOH),, (m = 1-4)

TCA-(EtOH),, (m = 1-4). 3i 3pocranHsM unciIa
EtOH y xomiutexci 3Ha"eHHsT TOTEHIaIy 3MEHIILyBa-
socg, ane gy TCA-(EtOH)4 BoHO 3HOBY 36i7bIILy-
Banocs 10 (—4,217e=2-4,217e~2) ar.on. Jdusnaauce
na MEPS, moxua 6aunrn, mo aromn kucuaio y TCA
ta EtOH BCcTaHOBIIIOIOTH 3B’13KM Yepe3 0bjiacTi Hera-
TUBHOTO €JIEKTPOHHOT'O TIOTEHITIATY, K1 BUJILICH] Yep-
BOHIM KOJIOPOM.

3.3. Ananai3 eparuNHUT
MOAERYAAPHUT Opbimaneti
(frontier molecular orbitals, FMOs)

Ipannani momexynspui opbitami (HOMO-LUMO)
3a3BUYail BUKOPUCTOBYIOTHCS JJIsl TIOSICHEHHS MOJIe-
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Puc. 4. FMO giarpamm (TCA), (n = 1-3) Ta koMmutekcis
TCA + (EtOH),, (m = 1-4)

KyJISIpHO-XiMiYHOI peakniitHol 3/1aTHOCTI, cTabiJibHO-
CTi, €JIEKTPUYHUX TA ONTUIHUX XapaKTepUCTHK [35].
ITi opGirasi € HAHOLIBIN 30BHINTHIMU MeXKamu eJie-
KTPOHHOI CTPYKTYPH MOJIEKYJIH Ta BiIirpaloThb Ba-
KJIUBY POJIb y 0araTboxX XIMI9HHX PpeakIlisx, O0CO-
OJIMBO TUX, IO MOTPEOYIOTH TEePEeHECeHHs €JIEKTPO-
uis. HOMO Bigirpae BaxkKJiuBy poJjib B €JIEKTPOHOIO-
HOPHEUX ab0 HyKJeodiibHUX mporecax. Mosekya 3
HOMO mnowmipro Bucokoi eHeprii 4acTo € IiHHAM 0~
HOPOM €JIEKTPOHIB i MOKe JIeTKO OpaTh y4acTh B OKH-
CHIOBaJIbHUX ab0 Hykseobinpanx nporecax [13]. Ha
puc. 4 Bizyasizopano HOMO-LUMO ra enepretruuny
3abopoHeny 3ony AFE.

Pisaunsg ewnepriit mizk HOMO ta LUMO Bigo-
Ma K eHepreTuvHa MijimHa. ¥ Tabja. 1 HaBeaeHo
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mapamerpu FMO, omineni 3 BUKOpHCTaHHSM 3HA-
YeHb €HEePreTUYHOI MIJINHY, BKIIOYAI0YN 1HJIEKC eJle-
KTPOMIIHLHOCTI KOMIIJIEKCIB, XIMiTHY TBEPIiCTDb, XiMi-
qHy M'gKicTb Ta ejekrpoHeraruBaictb. HOMO mae
emepreruvHe 3HadeHus Fromo = —7,1868 eB, To-
mi gk LUMO wmae eneprerndne 3uadends Fruymo =
= —2,0044 eB. Orxke 3HAYEHHS] €HEPreTUIHOT IITJTH-
HU cTaHOBUTH —5,1824 eB, mo BKazye Ha peakIiitny
3/IaTHICTh CIIOJIYKHU.

Suauennsa AFE gumepa ta tpumepa TCA cranos-
aarb 5,0646 Ta 5,0861 eB, BimmosigHo. 3HaYeHHA
AE nmna xommiekcis TCA + (EtOH),, (m = 1-
4) s6labmryersesa 3 5,1915 no 5,2010 eB 3i 36l1b-
menHsM Kiabkocri EtOH, mo Bkasye Ha 306ijblieH-
He peaxiiitnol 3marHocti. MoHOMEp, JIUMEp Ta TPH-
Mep TCA wmarorh 3nadvenus n = 2,5912, 25323 ta
2,5430 at.ox., BignosigHo. 3uavenns AE mig kom-
wrekcis TCA + (EtOH),, (m = 1-4) cranoBasaTh
2,5958 — 2,6005) ar.ox., To6To 36inbIIMIOCH. MomHo-
Mep, aumep Ta Tpumep TCA MaroTh 3HaYeHHS [ =
= 4,5956, 4,6134 Ta 4,5123 at.0x., BimmosigHOo. 3Ha-
venHst st Komiutekcis TCA + (EtOH), (m = 1-4)
CIIOYATKY 3HMAKYIOTHCS, & IMOTIM 3POCTAIOTH 3i 301/1hb-
mennasM unciaa EtOH.

3.4. Ananiz “amomu
y moaexyaaxr” (atoms in molecules, AIM)

Amnaiiz AIM 3a3Buvail BUKOPUCTOBYETHCS JIJIsl OIH-
KJ HEKOBAJIEHTHUX B3a€MO/Iiil, a caMe BHYTPIITHBO- Ta
Mi2KMOJIEKYJITPHUX BOJIHEBUX 3B SI3KiB, Y MOJIEKYJIsID-
HEX cucTeMax [36]. 3aBasgKu eJIeKTPOHHIN KOHIEHTpa~
il MiXK JIBOMa B3a€MOJIIIOYUMU ATOMaMHU YTBOPIOE-
ThCS ILIAX 3B’$I3KY, [0 TPUBOJIUTHL JIO TOSBH KPU-
tuunnx To9oK (KT) B enekTpoHHiil KoHIeHTpaIl.
YV Takux TOYKAX IPAJIEHT €JICKTPOHHOI KOHIIEHTPAITi]
sunkae [37]. Tomosoriunmii anami3 eJeKTPOHHOI KOH-
MeHTpAIll TiATBEP/KYE HASBHICTH BOTHEBUX 3B SI3-
KiB Ta IHIIUX B3a€EMOMINl Yy MOJEKYJISIPHUX KOMILIe-
Kcax. Y TabJ. 2 HaBejeHI 3HAYEHHS TOIOJIOMYHUX
napamerpis st kommiaekcie (TCA), (n = 1-3) Ta
TCA + (EtOH),, (m = 1-4), mo BKIIOYAOTH eJie-
KTPOHHY KOHIEHTDAIIi0 p(T), JaIacian eJleKTpOHHOL
kommenTpainii V2p (r), rycruny eweprii H(r), rycru-
Hy KiHeTH4HOI eHepril slarpanxkiana G(r) Ta rycTusy
norennjanbuol exepril V(r) y KT. IIi napamerpu na-
MaoTh IHHY 1HGOPMAIO PO BOIHEBI 3B’A3KU. 3Ti-
ITHO 3 [38], BoAHEBY B3a€MOJIII0 MOXKHA PO3PAXYBATH,
sIK TIOKa3aHO HIKYE:
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Tabauys 1. FMO napamerpu (TCA)y,

(n = 1-3) Ta xomnuekcis TCA + (EtOH),, (m = 1-4)

[nobanbua TBepAicTs | XiMidHUI TOTEHIIAIT T'nobasbamit
IMapamerp |Enomo; €B | ELumo, eB|ELumo — Enomo n = (ELumo — uw= (ELumo + | enexrpodinbuuii
— Enomo)/2 + Exomo)/2  |immexc w = p?/2n
TCA —7,1868 —2,0044 5,1824 2,5912 4,5956 4,0752
(TCA)2 —7,1457 —2,0811 5,0646 2,5323 4,6134 4,2025
(TCA)3 —7,0554 -1,9693 5,0861 2,5430 4,5123 4,0033
TCA + EtOH —7,0138 -1,8223 5,1915 2,5958 4,4181 3,7598
TCA + (EtOH)2 —6,9733 -1,7771 5,1962 2,5981 4,3752 3,6840
TCA + (EtOH)3 —6,9850 —1,7875 5,1975 2,5988 4,3862 3,7016
TCA + (EtOH)4 —6,9877 —1,7867 5,2010 2,6005 4,3872 3,7007
Tabaruys 2. Tonosoriuni mapamerpu (TCA)y,
(n = 1-3) Ta xomnaekciB TCA + (EtOH) ., (m = 1-4)
3araJbHa Kineruuna Jlamtacian Enepria
Hassa Bouesi JlosxxuHa o . ) FyC’I:I/IHa ) FyCTI/IIia, .
s LEHTPAIis eHepris €JIEKTPOHHOI | BOJIHEBOIO
KJIacTepiB 3B’S13KI P AT esiekTpoHiB | Jlarpamxkiana N KOHIleHTpaIlil | 3B’s13Ky E
r, A eneprii V(r) H(r) Y SHB,
p(r) G(r) V2p(r) KKaJI/MOJIb
(TCA)2 15(0) ... 12(H)| 1,65996 0,04829 0,04049 —-0,04610 —-0,00561 0,13953 15,15
24(H) ...3(0)| 1,65996 0,04829 0,04049 —-0,04610 —0,00561 0,13953 15,15
(TCA)3 36(H)...3(0)| 1,71788 0,03637 0,03463 -0,03419 0,00044 0,14028 10,87
12(H)...15(0)| 1,71869 0,03619 0,03453 —-0,03402 0,00052 0,14018 10,67
27(0)...24(H) | 1,71781 0,03629 0,03459 —0,03411 0,00047 0,14023 10,70
TCA-EtOH 9(H)...12(0)| 2,05318 0,02135 0,01743 —0,01552 0,00191 0,07738 4,87
8(0)...21(H)| 1,75801 0,03608 0,03240 —-0,03266 —-0,00025 0,12859 10,25
TCA-(EtOH)2| 9(H)...21(0)| 1,83429 0,03026 0,02663 -0,02500 0,00163 0,11305 7,84
8(0)...18(H) | 1,77812 0,03423 0,03119 —-0,03060 0,00059 0,12712 9,60
17(0)...30(H)| 1,65418 0,04781 0,04128 —-0,04655 —0,00527 0,14402 14,61
TCA-(EtOH)s| 8(0)...39(H)| 1,61448 0,05536 0,04574 —-0,05508 —0,00935 0,14556 17,28
9(H)...26(0)| 1,71512 0,04345 0,03661 —0,04000 —0,00339 0,13287 12,55
27(H)...17(0)| 1,73810 0,04042 0,03481 —0,03672 —-0,00192 0,13158 11,52
30(0)...18(H) | 1,80313 0,03071 0,02837 -0,02640 0,00197 0,12132 8,28
TCA-(EtOH)4 | 35(0) ... 48(H) | 1,59189 0,05835 0,04831 —-0,05929 —0,01098 0,14932 18,60
36(H)...8(0)| 1,72391 0,04129 0,03582 —-0,03809 —0,00228 0,13417 11,95
33(H)...26(0)| 2,75735 0,00582 0,00380 —0,00333 0,00047 0,01706 1,04
9(H)...17(0) | 1,76274 0,03835 0,03228 —-0,03366 —-0,00138 0,12362 10,56
39(0)...27(H) | 1,79098 0,03261 0,02959 -0,02834 0,00125 0,12336 8,89
26(0)...18(H) | 1,76410 0,03783 0,03243 —-0,03343 —0,00100 0,12569 10,49

empu VZp(r) > 0 ta H(r) > 0 maemo Epyp <

< 12 kxaJs/Momb — cinabkuit H-38'130K;

empu V3p

H-3B’g30k;

empu V2p(r) < 0 ta H(r) < 0 maemo Eyp >

(r)

> 0 T1a H(r)
12 kkasi/moab < Epp < 24 Kka/MOJb — IMOMIpHHI

< 0

> 24 kkaj/Moub — cuibHnil H-38’430k.
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Ma€MO

YV Tabs. 2 mokas3aHo, IO JIAIIaciaHu eJIeKTPOHHOL
konmentpanii VZ2p (r) mna mumepy i Tpumepy TCA
ta, komiuiekcie TCA + EtOH e momarnumu, 31 3Ha-
qeHHsiMU B gianasoni Bijg 0,13953 mo 0,14028 at.om.
ta Bim 0,07738 mo 0,14932 ar.ox. ['yctunu ewnep-
rii H(r) i KPUTUYHUX TOYOK Yy KOMILJIEKCAX

(TCA)y, TCA-EtOH (8(0) ... 21(H)), TCA-(EtOH),
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(TCA),

TCA-(EtOH);

TCA-EtOH

TCA-(EtOH),

Puc. 5. AIM ananiz (TCA), (n = 1-3) ta xommnekcis TCA + (EtOH),, (m = 1-4)

(17(0)...30(H)), TCA-(EtOH); (8(0)...39(H),
9(H)...26(0) Ta 27(H)...17(0)) ta TCA-(EtOH),
(35(0)...48(H), 36(H)...8(0), 9(H)...17(O) ma
26(0)...18(H)) wnpuiimarors Big'eMHl 3HAYCHHS,
MO BKa3ye Ha IMOMIpHMIT BOJHEBUIl 3B’d30K, a
TaKOXK Ha CJIaOKUil BOAHEBUil 3B’SI30K abo BaH-Iep-
BAAJbCIBCHKY B3a€EMOJIIO B PEIITI KPUTHIHUX TOYOK
[38, 39| (puc. 5).

Eneprist BommeBoro 3B’d3Ky pO3paxoByBajacs 3a
dopmynoo: Eyg = =V (r)/2 [13], ne V(r) asuse
c000I0 TIOTEeHIiaIbHY T'YCTHHY €Hepril B KPHUTHYHUX
TOYKaX BOIHEBOrO 3B’si3Ky. JIKIO rycTuHa eHepril B
KT Bix’emna, TO 3B’s130K KOBaJEHTHHI, a SKIIO I0-
JlaTHA, TO 3B’sI30K €JIEKTPOCTATHIHUI. YCi KOMILIe-
KCH Ha pUC. b OB’sA3aHi CJIAOKUMU BOJIHEBUMU 3B 53-
KaM¥, 10 THIIOBO JJI €JeKTPOCTATUYHUX B3aEMO-

400

qiii. Tosxuun 38’si3kiB y komitekci TCA-(EtOH),
(33(H) ... 26(0) cramoBmsTs monaiivenme 2,1 A. Ile
MATBEPIKYE HASABHICTH CIAOKUX B3aEMHHUX BOJTHE-
BUX 3B’43KIB y INX KOMILIEKCaX, SKi TaKOXK BiIO-
Mi K BaH-JIep-BaAIbCIBChKI B3aeMoil. JloBxKuHU pe-
IITU 3B’$13KiB BKA3YIOTh Ha IOMIPHO-CHJIBHUI BOJIHE-
BUiT 3B’S30K.

3.5. Hexosanenwmmna 63aemodisn
(non-covalent interaction, NCI)

ma amenweHutl 2padienm KoOHUEeHMPaUit
(reduced density gradient, RDG)

Hocnimxennss RDG ta NCI € HoBiTHIME migxoma-
MU JIJIsT XapaKTEPUCTUKU CTAOKIX MiKMOJIEKYISIPHUX
B3aemoiit 34, 36, 40|. ITokasank NCI Bukopucrosy-
€THCS JIJI BUSHAYEHHS MIKMOJIEKYJIAPHUAX B3AEMOZIIi
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Ta BU3HAYEHHs THIly cabkux B3aemomiit. Ileit noka-
3HUK, 10 0a3y€ThCS Ha 3MEHIIEHOMY TPAJIi€HTI KOH-
nenrpaii (RDG), nagae nonarkoBy indopMartimo mpu
aHaJIi3l HEKOBaJIEHTHUX B3a€MOJIiil. 3MeHIIeHuil rpa-
nient kounenrpanii (RDG) e dynamenranbaum 6e3-
PO3MIpHUM ITapaMeTPOM, IO CKJIAJAETHCS 3 KOHIIEH-
Tparil Ta i1 mepmroil moxigHol 1 BupazkaeThes popmy-
010 [36]

RDG (r) — L IVe0)

2(372)"/% p(r)**

Enexrponna rycruna sign (A2)p y TOpiBHSIHHI 3 Be-
Jsmanaoio RDG BKazye Ha Npupoy Ta CTYIIHB MiXK-
MosIeKyasspHuX B3aeMmoin. Y RGD miarpamax Humxkae
CHHI# KOJIIp MO3HAYA€ B3a€MHE IPUTATAHHS, & Uep-
BOHHII — BiAIITOBXyBaHHA. 3HadeHHs sign (A2)p Bifi-
rpae BUPIIIAJIbHY POJIb y Iepen0adeHH] TUILY B3a€MO-
nii. Hanpuknan, 3HadenHs sign (A2) p < 0 BKasye Ha
CIJTU BiJIIIITOBXYBAHHS MiXK 3B’sI3aHUMU aTOMAMMU, TO-
ai sk sign (Ag) p > 0 BKa3ye Ha CUJIM BIAIMTOBXYBAHHS
Mi2K HE3B’sI3aHAMH ATOMAaMHU.

Hiarpamu RDG mist oCaipKyBaHIX KOMILJIEKCIB
HaBeJleHi Ha mnpaBux naHensx puc. 6. Illkama y
BepxHiil YacTuHi giarpamu iHGOPMYE, MO0 Y€PBOHUN
KOJIIp O3HAYAE CHJIbHI CUIM BiATOBXyBaHHS (CTe-
puuHuii abo MUKIiYHU edeKT), cuHiii Kosip BKa-
3ye Ha H-3B’s130K, a 3ejeHuit CBiIINTL NpPO Ha-
SIBHICTb BaH-J€P-BaaJIbCIBCbKUX B3a€MOJIi. 3TiHO
3 pe3yJIbTaTaMM, YEPBOHI MO3HAYKUA MiXK JTUMEpPHU-
vu Kinpmgmu TCA cBiguarh NHpo HasgBHICTL IU-
kiiunoro edekry (puc. 6, a). Buyrpimmni Ban-jgep-
BaaJIbCIBChKI B3aeMoil icHyoTh Mixk rpymnoio C-H
ta rpynoio O-H «kinbig, a takoxk mixk aromamu O
y C=0 Ta S.

3 RDG piarpamu y mpasiii gacturi puc. 6, Mo-
2KHA TAKOXK MOOAYHUTH, IO PO3KHJ, 3HAUEHb [E€PEBa-
JKHO 3HAXOJMTLCA B Jianazoni sign (A2) p, 1m0 crano-
Buth —0,01, i BigmoBinae B3aemonil Ban-nep-Baasnbca.
O6mactp Mixk sign(A2)p = 0,01 ta 0,04 mosna-
YeHa YEPBOHUM KOJBOPOM, IO BimoOparKae IHKJIi-
qnanit edexr Kiabig. Cuns obsacts npu sign (Ag) p =
= —0,05 Bimobparkae BommeBi 3B’sizku y dopmi O—
H...C=0. Ineatnyna ymMoBa CIOCTEPIra€ThCsl B TPU-
Mmepi (puc. 6, b).

Ha puc. 6, ¢ 306paxkeno rerepogumep TCA-EtOH.
Bomuesi 3p’sa3xu popm O-HC=0O 1a O-HO icay-
I0Th MiXK KapOOHITBHOIO Ta TiAPOKCHILHOIO T'Dyla-
vu TCA ta aromamu EtOH, mo sigmosimae 3Ha-
gennsiM sign (A2) p = —0,35 ta —0,02, BigmOBiNHO,
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p>0 sign(i)p decrease p =0 sign(Z,)pincrease p >0
2<0 2 ~0 A0

attraction. Van der Waals
H-bond/halogen-bond. interaction

ng repulsion

a) (TCA)
P-g”

el
e ;,0 S

b) (TCA)s
\/" ' g
. Y 5 .=|
d JJ N~ |

¢) TCA-EtOH

$353533

sintigl (au)

i )

S %o
- e |
N\ ' ‘f,‘ hd
‘B\\z/:/ . 6 ¢
L
! ", - "’A “

) e) TCA-(EtOH)s

ROG

5 8 35
S90ka)p (av)

d) TCA-(EtOH),

80n0)p (a)

_,
<
0G

0.04

,gxg grgszezesge

/ signUalp (@)
f) TCA-(EtOH)4

Puc. 6. NCI ra RDG-ananisu (TCA), (n = 1-3) Ta KoMILIe-
kciB TCA + (EtOH),, (m = 1-4)

IO [IPEJICTABJISIOTH BOJHEBE 3B I3yBaHHS Ta BaH-JI€D-
BaaJIbCiBChbKY B3aeMoito Ha RDG miarpami.

3rigwo 3 puc. 6, rpynu C=0, O—H ta C-H y TCA
B3aeMoiiforh 3 aromamu EtOH, mo npuBomuth 10
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Puc. 7. ELF (niBa nanmens) ta LOL (upasa

nanesb) manu Mosexkyaun TCA
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Puc. 8. ELF (niBa nanesns) ta LOL (mpasa nanmens) mamu gumepy (TCA)g

ISSN 0372-400X. Yxp. ¢i3. orcypn. 2025.

T. 70, M 6



Jocaidorcerni HEKOBANEHMHUL 83aEMO0IL 2-MioPenKkapboH0680T KUCAOMU 6 eMaHONAL
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Puc. 10. ELF (niBa nanens) ta LOL (npasa naxess) marmu komiiekcy TCA + EtOH
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Puc. 12. ELF (niBa nmarens) ta LOL (mpasa nmanmens) mamu kommutekcy TCA + (EtOH)3
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Puc. 13. ELF (xiBa naness) ta LOL (nmpasa nmanens) manu komiutekcy TCA + (EtOH)4

6iTbIIIIX 3CYBIB Yy CMyraxX BaJIeHTHUX KOJIMBAHD ITAX
IPYIl B €KCIIEPUMEHTI. 3arajoM, BOJIHEBI 3B’I3KU 0~
MiHYIOTB y JuMepax Ta TpuMmepax TCA Ta iT KoMILIe-
kcax 3 EtOH.

3.6. Ananizu ELF ma LOL

Hocrimzkenns dyukuil jgokasizamil esekrpoHis (elec-
tron localization function, ELF) ra sokaropa joka-
nizoBanux opbiraseit (localized-orbital locator, LOL)
9aCTO BUKOPUCTOBYIOTHCSI [IJTsT OIIUCY XIMI9HUX 3B s13-
KiB B ATOMHUX Ta MOJIEKYJISPHUX CHCTEMAX, 8 TAKOXK
JI7IsT BUSIBJIGHHSI MICITh, /€6 MICTITBHCSA €JIeKTPOHU. Xi-
miuni dpopmyiu s ELF ta LOL BusHadaroTbes, ce-
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pen iHmumxX (GakTOpiB, TYCTUHOIO KIHETHIHOI eHepril
D(r) [41]. Onnax ELF Bu3HAUAETHCS KOHIEHTPALIEIO
esekTporaux nap. LOL mpocTo € rpajiienToM JioKa-
JTI30BaHUX OPOIT i BUKOPUCTOBYETHCS, KOJIN JIOKAJI30-
Baui opbiTu nepexkpusaiorhes. 3uadenua ELF, 7(r),
kommBaeThed Bif 0,0 7o 1,0, mpudomy BUCOKI 3HAYEH-
ust mixk 0,5 Tta 1,0 BimoOpazkaioTs 001aCTi, 0 MAIOTh
3B’SI3yI0Ui Ta HE3B’s3yI04i JIOKAJI30BaHi €JeKTPOHH,
a MeHmn 3HavenHst (<0,5) BKa3yOTh Ha MicIist, Je Jie-
JIOKaJTi3allisl eJIeKTPOHIB MOXK/InBa. Benki 3HadeHHs
LOL, n(r) > 0,5 noka3yorsb MicClis, Je¢ KOHIIEHTPAIlis
€JIEKTPOHIB JIOMIHY€ B 3aJI€2KHOCTI BiJ[ X ITOJIOXKEHHS

[42-44].
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Bimmrosxysamnus [laysi Bunukae 4yepe3 HaIATIKO-
By T'yCTHHY eHepril B 00J1acTi, 10 BUKOPUCTOBYETHCS
JIJ1s1 BUBHAYEHHS MMOBIPHOCT] ITPOTHJIEZKHOI ITOBE/TiH-
KM CHiH-ClIapeHunX abo OKpeMux eJIeKTpoHiB. Yum
cuibHimme nputsranis [laymi, Tum O/mKde 3HaYEH-
uga ELF no ogunwmi, Tomi gk BimmroBxyBanns [laysri
poburs ELF 6mxk9oro 10 myJst.

Hpoumipai ELF ta LOL wmamm xowmiiekcis
(TCA),, (n =1-3) ta TCA 4 (EtOH),, (m =1-4) y
TPHOX KOOPJMHATHIX ILIOIIMHAX IIOKA3aHO Ha PUC. T—
13. 3nauenns ELF mosHavyeHl KOJIbOpaMu TAKUM YM-
HoM. YepBoHUII KOJIIp BKa3y€ HA BUCOKE 3HAYEHHS
ELF (0,8-1), Toxi sik cuniii Kouip BinoBijae HU3bL-
komy 3uadenuio ELF. Benennit kostip nmoznadae mepe-
XiJ1 Mi2K YEPBOHUM i CUHIM KOJIbOPAMU Yepe3 2KOBTHI
kouip [13].

Amnasisz ELF nokazas, mo aromu C ta S y KijibIii Bu-
SIBJIAIOTHCS “3adapboBaHuMu’ y CHUHIN KOJIpP, TOMl SIK
aromu H — y gepsonwmit. locaimkenns LOL Bussmiio
JJIS. MOJIEKYJIH, IO ITOCTAYAETHCA ATOMAaMU, TOBEIiH-
Ky, XapaKTepHy /s XIMIYHUX 3B’s3KiB, & TAKOXK Ma-
KCUMAaJIbHY JIOKaJIi30BaHy opbiTasib, TOOTO epeKpuT-
Ts, MO0 BUHUKAE BHACJIJIOK OPOITAJIBLHOTO T'PAJIIEHTA.
Byrtens y kisibriesiit cucremi 300pakeHo 00BeIeHIMEI
CHHIMI KOJIAMU, & KPUTUIHA TOYKA 3B’sI3Ky MO3HAYTE-
Ha 9€PBOHUM KOJIbOPOM Y JIEIKUX KIJIBIIEBUX aTOMAaX
BYIVIEIIO Ta aTOMaX BYIVIEIIO, IIOB’sI3aHUX 3 KUCHEM,
TOJIi SIK 00JIACTI JIeJIOKaJIi3allil TAKOXK IIPOSIBJISIIOTH Ce-
6e >KOBTUM KOJIbOPOM Ha puc. 7—13.

4. BucHoBku

B miit poboTi nmpoBeIeHO CIIEKTPOCKOIIYHMIA Ta, KBaH-
TOBO-OOYMC/IIOBAJIbHNI aHaJ i3 TiodeH-2-KapOoHOBOT
kucsoru (TCA) ra 11 posunnis B eranosi. Kommureken
6ymu poszpaxosani mMeromom DFT 3 Buxopucramusm
rexuiku B3LYP rta 6asuchoro nabopy 6-311++G(d,
p). KonmuBasibHi ciekrpu 6yiu 3apeecrpoBani B jiatia-
30mi 400-4000 cm~!. Barasom, wepBoni a6o cuHi 3cy-
BU crnocrepirajiucs y BajeaTHux cmyrax O-H, C=0
ta C-H y posunni TCA 3 EtOH. Ile nokasye, mo B
pO3YMHAX MOXKYTh OyTH IPUCYTHIMHU BOJHEBI 3B’ sI3KI
abo BaH-JIep-BaaJIbCIBChKi B3aemoil. OjHaK crocre-
pekyBaHi yacToTu BajieHTHUX KoJimBanb C—H y Kijb-
i y mosiekysiax TCA smimyiorbest B 6iK BUIIUX Ya-
CTOT, IO MOXKHA TMOSCHUTH iCHYBAHHAM BHYTPINTHIX
Ta MI>XKMOJIEKYJIAPHAX B3a€MOJIiil, & TAKOXK TilT€PKOH -
FOraIifHnX B3a€MO/Iiii.

st IepeBipKu IIHOTO TPHUITYITIEHHST OyJTH TPOBeIeH1
KBAHTOBO-XIMiUHI pO3paxyHKH. 3TiJHO 3 JIOCJIiI2KEH-
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ussm MEPS, norenriian y po3unHHAKAX CTBOPIOETHCS
HeraTHBHO-3aPA/ZKEHUMU (€JIeKTPOHHUMU) YaCTHHA-
mu TCA Ta aromamu xucuio y EtOH, sxi nmosnaueni
gepBoHUM KOJ160poM. Ilepexin HOMO — LUMO Bka-
3ye€ Ha I1epejady eHepril Biji apoMaTHIHOrO IeTepoIu-
KJIIYHOrO Kitblig. EHepreTuyuHa ImiijinHa J1a€ KiJbKi-
CHY XapaKTe€PUCTUKY KiHEeTH4Hill cTabiabHOCTI MOJTe-
Kysa. Moseky/a 3 By3bKOIO TPAHUTHOIO OpOITAIbLHOIO
IIIJIMHOIO € BUCOKO IOJITPU30BAHOIO, 10 BKa3y€ Ha 11
CUJIbHY XIMIYHY peakIliiiHy 3/aTHICTh, ajle HU3bKY Ki-
HETUYHY CTabiIbHICTH.

IIpu ominmi HEKOBAJEHTHUX B3a€MOJIIN 3a JIOITOMO-
rotlo AIM, NCI ta RDG pocuiizkens Oyio BusiBie-
no, mo komiutekcu TCA ta TCA-EtOH 3xpebinbiioro
MaroTh IOMipHUil BogHeBuil 38’s130K. OKpiM TOro, BO-
JIHEB1 3B’s13KU yTBOPIOIOTHCs MixK rpynamu C=0, O—
H ta C-H y TCA ra aromamu EtOH, 1o npusoauThb
10 OLIBIMX 3CYBIB CMyr BAJIEHTHUX KOJIMBAHB ITAX
I'PYII B €KCIIEPUMEHTI. 3arajioM, epeBaykaloTh BOIHE-
Bi 3B’s13ku jauMmepiB Ta TpuMepis TCA ta TCA pos-
quHiB y EtOH. Ximiuni 3B’a3KH Ta MOJOXKEHHS eJie-
KTPOHIB y KOMIIJIEKCax Oy/IM ITO3HAYMEH]I KOJILOPOM 3a
JIOIIOMOT'OI0 aHAJI3y PYHKIMI JOKATI3aIi] eJIEKTPOHIB
(ELF) ra jiokaropa JoKasizoBanux opbirtaseit (LOL).
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A. Jumabaev, B. Khudaykulov,
S.-J. Koyambo-Konzapa, U. Holikulov,
H. Hushvaktov, A. Absanov, I. Doroshenko

EXPLORING NONCOVALENT INTERACTIONS

OF THIOPHENE-2-CARBOXYLIC ACID IN ETHANOL
VIA VIBRATIONAL SPECTROSCOPY

AND DFT CALCULATIONS

The spectral bands of pure 2-thiophene carboxylic acid (TCA)
and its solution in ethanol (EtOH) are investigated over a wide
range using vibrational spectroscopy (Raman and FTIR). In
the TCA solution with EtOH, the maxima of the C=0, O-H,
C-H stretching, and C-H breathing vibration bands show ei-
ther a redshift or a blueshift. This indicates that H-bonding,
van der Waals interactions, and hyper-conjugation interactions
are likely in solutions. MEPS, HOMO and LUMO, AIM, NCI,
RDG, ELF, and LOL analyses are performed using a quantum
chemical computational approach based on density functional
theory (DFT). The MEPS map was used to visually show the
charge distribution in the complexes and determine charge-
dependent characteristics. Frontier molecular orbitals (FMO)
have been utilized to explain chemical reactivity of TCA, its
molecular stability, as well as electrical and optical proper-
ties. According to AIM, NCI, and RDG analysis, TCA and
TCA-EtOH complexes mainly have moderate H-bonding.

Keywords: vibrational spectroscopy, DFT calculation, inter-
molecular interaction, topological parameters.
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