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AnHoTanus: Ymby makosaza HopduokcaruH uintupokuga muc (II) amerar
ouman sHrM  [Cu(HL)(CH3COOH),](CH;COOH),(H,0),Cl,  KOMI/IeKCUHUHT
CMHTe3M Ba TAAKUKOT HaTwkKajapu Kentupuwirad. CHHTe3  KWIMHIaH
MeTa/UTOKOMITJIEKCHUHT TapKHUOM, MOJIEKY/ISIp Ba KPUCTA/UT Ty3WU/HIILJIAPH PEHTIeH
Ty3uiudil Taxauau (PTT), UK crieKTpockomnus HaTwKalapyu acoCH/la aHUKJIaHTaH.
PTT nHaTwkanapura kKypa komruiekcga Muc(Il) kaTmoHura LBUTTep MIAK/IAATH
vkkuta HL Monekymacm OWJeHTaHTIM Ba WKKWTA CHpPKa KHCJIOTacH
MOHO/ZIeHTAHT/IU KoopauHauusiaHrad. KomrmekcHuHr PTT  mabaymotiapu
acocyzia 27ekTpoH Ty3uauimm ORCA pactypuzan dolifananradn xonga DFT
yCy/Iu/ia Ha3apuil TaAKUKOTH Ba XuUpLI(esb CUPT TaX/IWIA yPraHu/raH.

Kanut cy3nap: Hopdnokcaiyus, wmuc (II) agerat, cupka KWC/I0Ta,
JUCTU/IJIAHTaH CYB.
NORFLOXACIN COMPLEX WITH Cu(II) [Cu(HL)(CH;COOH),]

(CH;COOH),(H,0),Cl, (HL= NORFLOXACIN): DFT, HIRSHFELD

SURFACE AND IR SPECTRUM ANALYSIS

Abstract: This article presents the synthesis and research results of a new
[Cu(HL),(CH5COOH),](CH;COOH),(H,0),Cl, complex with copper (II) acetate in
the presence of norfloxacin. The composition, molecular and crystal structures of

the synthesized metallocomplex were determined based on the results of X-ray
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structure analysis (RTT), IR spectroscopy. According to RTT results, two HL
molecules in zwitter form are bidentately coordinated to copper(Il) cation in the
complex and two acetic acids are monodentately coordinated. Based on the RTT
data, the electronic structure of the complex was studied using the ORCA program
using the DFT method and Hirschfeld surface analysis.

Key words: Norfloxacin, copper (IT) acetate, acetic acid, distilled water.

KOMIUIEKC HOP®JIOKCAITUHA C Cu(II) [Cu(HL),(CH;COOH);]
(CH;COOH),(H;0),Cl, (HL= HOP®/IOKCAILI1H): DFT, IIOBEPXHOCTbH

XUPHI®EJ/IBJA N UK-CITIEKTP AHAJIN3

AnHoTauusi: B fgaHHOUW cTaThe TIpe/CTaB/ieHbl pe3y/bTaTbl CHHTE3a U
rccinenoBanus HoBoro komriuviekca [Cu(HL),(CH;COOH),](CH;COOH).(H,0),Cl,
c atgeratoM meau (II) B mpucyTcTBun HopdiokcaiHa. CocTaB, MOJIEKY/ISPHYIO U
KPUCTA/I/TMUECKYI0 CTPYKTYPY CUHTe3UPOBaHHOT'O MeTas/VIOKOMIL/IeKCa OTpe/esisiii
Mo pe3yJbTaTaM PeHTreHOCTPYyKTypHoro aHamuia (PTT) u UK-criekTpockomnuwu.
CornacHo pe3ysabtaram PTT, gBe Monekyasl HL B uButTep-dopme
KOOP/IMHUPOBaHbI ¢ KaTHOHOM Mezu (1) GupeHTaTHO, a IBe YKCYCHbIE KUCTOThI —
MoHozZeHTaTHO. [lo pgaHHbIM PTT 3/IeKTPOHHYIO CTPYKTYPY KOMIUIEKcCa
ruccnegoBanu ¢ nomMousto rporpaMmbel ORCA ¢ ucriosib3oBanueM metona DFT u
aHa/v3a MOBepXHOCTU M0 XUpII(enbay.

KnroueBnbie cmoBa: HopdokcaluH, ateratr Meau (II), ykcycHasi Kucsora,
BO/Ia AUCTUWIJTUPOBAHHas.

Kupum. CyHrr Wwinapfa BUPYC, OakTepus Ba 3aMOypyF¥/IapHUHT
KyNaWuillki y4YyH Ky/jdahd HWKJIUM IIapOMTH Ky3aTWIMOKJAa. by xosatr MHMKpO
OpraHv3uM/Iap TapKaTaéTraH KacasuliK TYpJIapUHUHT OPTHIIMra ovb KeJMOKJa.
Iy cababiv kuMé Ba opmalieBTHKa COXaCHAArd OJUMIap OJiiura sHrM Basuda
KyHMMOK/la SIbHU TabCUpP AOWpacu KeHT, KaM MUKJAOpJard KOHCeHTpalusga Xam
camapaay TabCUp KypcaTaJuraH, Kam 3apap/d [0pd BOCUTaJapyWHH sIpaTHII
Ba3u(acHU KyUMOKJa. Mab/lyMKH OUp AOPU BOCHTAaCHHM SIPATHII KYT BaKTHU
Tanab Kunagu. By xosaT MaBXyZ, [OpYM BOCUTaJapUHUHT OHO(ao/UTMIUHUA

OLLMPUII 3XTUEKUHU TYFAWPaZHW. XO03UPrd KyH/a KeHI CIeKTp/JIM TabCUpra 3ra



(TOpXVHO/MMH/IAD TYpyXyUra KMpPyBUM AOPH BocuTasapuaaH HopdsokcauuH (HL)
9HT caMmapaiu (GTOPXWHOJIOHIAapaH oupy 6ymmb([1], KMMHAMK aMamuéTaa KyTnruHa
rpam-mMaH¢uii Ba 6ab3u rpam-mycbaT OakTepusuiapra HucbataH aHTUOaKTepuas
BocuTa Oy/mb, y TipocTaTa, TepH, yIiKa, OBKaT xa3M KW/IMII Ba Ieliob Mysiapu
vHbeKuysapy Kabu Kyraab uHdeKlysIapHd KIWMHUK JaBoJallja KyaaaHuaau
[2-4]. MabiiyMKu KyTl X0//Iapa anoxXyia JOPU BOCUTAaCUHUHT MeTa/VIOKOMILIEKC
OvprKManapy 3pKWH JiMraHara HucOaTaH ¢aon 6ymaam [5]. TagkukoTaapaaH
MabjiyM 6uodaon xycycusitra ara 6yaraH, Tapkubua MUPUIUH Xa/lKaCH CakjiaraH
HL HUHT MeTa/UIOKOMILIeKC/Iapy CUHTe3 KWIMHIaH Ba ypraHwiras [6-7]. yHaaH
Keym6 unkkaH xosga, muc (II) arjeraTt Ty3ununar HL 6uiaH TabCUpAAIIUIITT CUPKa
KUC/I0TaCH MIITHUPOKW/a, pH KuiiMatu 4 Ta TeHT OyaraH Myxutaa oaub Oopusiau.
Hatmwkama  [Cu(HL),(CH;COOH),]J(CH;COOH),(H,0),Cl,  Tapkubiu  1OH
MOJIeKYJIAp Ty3uiuiira sra KomruvieKkC PTT ycynupa anuknaaHgu. LIyHUHrAek,
CUHTe3 KW/IMHTaH KOMIUUIEKCHUHT 3/1eKTpoH Ty3wminnHu ORCA  pactypujaH
dotigananran xoaga DFT ycynuaa Hazapuii ypranuiil Makcaj KunuHau[8-9].

Marepuat Ba ycyJuiap:

HL #uHr My3 cupkagaru sputMacu 6wiad muc (II) ameratHunr 2:1 mMossip
Hucbatgaru spuTManapuad (QobiganaHungd. Xocuwsi OyaraH puUTMaiapHU
MexaHUK apanamtupruu épaamuga 50-60°C xapopatpa 25-30 gakuka JaBomuza
KA3OUpUINO  apanalliTUpPWIAM, XOHa XapopaTtuZa KOJAUPWIMO —Ky3aTHILTa
kyhungu. Kysatunuiap HaTwkacuga 10-14 KyHAaH CYHr WAuil TyOuja ST
PaHI/IM KpUCTajlap XOCW/I OYnraHu Ky3aTHagud. Mukpockorn opkamu PTT yuyH
0.1-0.4 MM ymuamaaru IpoK/id MOHOKPHCTa/I/Iap TaH/1ab 0/IMHUO, TaXJIUI KATUHAN
Ba KOMIUVIEKCHUHT TY3WIUILIW aHUWKJaHAW. Peakiusi TeHrJlaMacu KyWujaardua

Tak/nud KuiHauU (1-pacm).
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1-pacm. [Cu(HL)Z(CH3COOH)zl(CH3COOH)2(H20)2CIz mapKu6/1u
Memasn/10KOMN/1IeKCHUH2 CUHMe3 peakyusicu.

OJiMHraH KOMIUIEKCHUHT 371eKTpoH Ty3uwnuiinHu ORCA  pgactypujaH
dovipgananran xosnga DFT ycynuza Hazapud ypraHwiad. YHAAH TalllKapu
Xwupiidenbs CUpT Taxauiu Ba MK crieKTpy xam ypraHuiu.

O/lMHraH HaTWwkKa/iap Ba Y/JIaPHUHT Tax/IM/IM:

AVipM MeTa/lJTapHUHT KOMITJIEKC OMpHKMaiapuia Kyuu CIUH (CUHIJIET €KH
nybmner) XomathgaH Kypa IOKOpU CIUH (TpUIUIeT, KBapTeT Ba 0.) XosaTiaapu
6apkapop 6y mymkuH. Cu (I) 6upukmanapuia Tok 3/1eKTpoHIn d-opouTan
103ara KeJIMIIM HaTwkacuaa Ay0sieT, KBapTeT Ba CEKCTeT CIUH XOjaT/japy ro3ara
KeJM MYMKWH. OJIMHTaH KOMIUVIEKCHUHT MWHMMAaa SHeprusra sra CIvH
XOJIaTUHU aHUK/Iall Makcaguja 3WWIMK (QyHKUWOHand Hasapuscura (DFT)
acocsianrad B3LYP/def2-ZVP ycynupga Typau COUH-3/1EKTPOH XO/aT/iapuzia
xucobnanuiap 6akapuiau. Y0y xucobsariap UKKU Xua uyna 6uiad, seHu PTT
yCy/IuZia OJIMHraH KOMILIEKC TeOMeTpUsCMHM MakOysiamtupMmacaad  (SP
xyco0Oanr) Ba reoMeTpustHi MakOysutamntuprad Xonataa (OPT xucobgart) oib
Gopunau. Xucobsail HaTWKaaapyd MKKasa Xo/aTa XaM KOMIUIeKC KyWM CIWH-
57MIEKTPOH/IM  X0JIaTU/Jd MWHUMYM SHeprusra 5ra SKaHIuruHu Kypcatau (1-
JKazBan).

1-xaaBan
Hopdnoxcamua Ba muc (IT) moHUHH y3apo TacCMPU HaTW)KacH/Aa CUHTe3

KuiuHraH KommiekcHa DFT ycyniua Hazapuid yprasuill HaTwXalapu



Criva | HucOwmii sHeprusi, Kkaa/mos | HucOuit sHeprus, KKasi/Mout
X0JIaTH (SP xucobmarir) (OPT xucobmar)
Tly6ner -3189630.12 (=0) -2709828.28 (=0)
KgapreT -3189610.15 (19.97) -2709763.76 (64.52)
CekcreT -3189543.69 (86.43) -2709700.68 (127.60)

Komriiekc reomerpusicuid DFT ycymuza MakOy/uTalITHPHMIN >KapaéHua
KOMIUTEKC ha30BUH TYy3WIMINHMAA CIAH XOJaTWJaH Keaud UWKKaH —XoJija
y3rapumiap Ky3atwian. KyWu-cliiH XoiaThja MHC aToMura OofjlaHTaH CHpKa
KUC/IoTa (a30BUM >KOWIAMILK/A Y3rapuilijlap Ky3aTHiaraH 0yiica, HOKOpU CITUH
X0JlaTUJa 3Ca HOP(QUIOKCALMH MOJIeKY/IaJapUHAHT  HOTEKWC  KOMJIALLWIIN

Ky3aTW/IOH.

& Komrnerc ,I[‘_‘_-’“EJ'I‘ eT X0OaTH
(yucobrauida Xiop aHIoOHTIAPE &
Maning cepadasii CHPRA KICIoma
HHOBaMoa OTHHMAd )
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Kommmexcamiar HOYEOPIT
L

CIIHMH (CEeECTET) XOIaTH

2-rasm. [Cu(HL)z(CH3COOH)2](CH3COOH)2(H20)2CIZ mapkuﬁﬂu

KoMN/1eKCHUH2 0y6/1em 8a I0KOpU CNUH ceKc/aem X0/1amodzu KypuHuwaapu.
[Cu(HL),(CH3COOH),](CH;COOH),(H,0),Cl, Tapku0/1 KOMITJIEKCHUHT
MOJIeKy/ISp TYy3WwIMIIM (3-pacM, a) peHTreH HypJapu [AW(pakLUOH TaxJIi/Iu
yCyuza aHuk/aaHau. Monekynanapapo y3apo Tabcupiap (3-pacwm, b) xapakrepyuHu
TaBcA(uiaimt yuyH Xwupmgenss cuptuHu Crystal Explorer 17.5 [6] mactypm

éplamMu/ia Tax/IId aMasira OIUPU/IIH.
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3-pacm. Hopgprokcayun 2udpoxaopudurnurz muc (II) ayuemam 6uaan xocusn
KUWIUH2AH KOMN/1eKC MOHOKPUCMA/IUHUHZ MO/1eKy/15p my3uauui (a),
Xupuwipeabo cupmaapu (b), Xupuwipesino 6apmok uzu ouazpammacu (c),

2D Xupuigenbo 6apmoK u3u 2pagpuzu (d)



HL rugpoxnopuaunuar muc (II) amerar OunaH XOCWUI KWIMHTaH
KOMILJIEKCHUHT XUpLI(esi[ CUPTUA KU3WI PaHT SHT SIKUH TabCUpJIAllyB/IapHU Ba
KYK paHI 3HI y30K TabCHpJallyBAapHU uUdoganangu (3-pacm, b). Xupudenbs
0apMOK u3M JauarpaMMacu (3-pacM, C) Xama KpPUCTalI KaJOKJIAITHUHT
IIaK/UTaHULLIMTa UHAUBUYA/T Y3ap0 TaCMPJIapHUHT XUCCACUHU KypcaTyBuM d. Ba d;
byHKUMsATapY épAaMufia OJIMHTAH WKKW YayaMau 0apMOK, M3WHUHT TpaduKIapu
(3-pacm, d) kenrupwirad. HlyHaait kummb Xwupitidesab, CAPTUHN Tax/ W KUHIII
HaTWKacuia Kyruujaru TabcupJ/ainyBaap anukaadau: H...H(43.7%), H...O0/O...H
(27.7%), H...Cl/Cl...H (7.7%), H...F/F...H (7.0%), C...C (4.5%), H...C/C...H
(3.4%), 0O...C/C...0 (1.5%), N...C/C...N (1.4%) TabcupsalyBiap KpUCTaJII
KAQJOKJIAIIHUHI IIaK/UIAHUILIMra acoCMWd XHucca Kylazau. Xupuigenbs CHAPT
TaXJIUWIAaH KypuHUO TypubOJuKH, y3apo TaCUpJIapHUHT acocui kucvmuau H...H
(43.7%) xampa O...H/H...O (27.7%) Tamkun Kuaagu. MoJieKyJ/iasapapo BOZOpO/,
6orsmanumHUHT acocuit kucvu O2...HN3 xamzga N3H...O2 opacugaru 6ofsap

xyccacura TyFpy Kenaau (4-pacm).
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4-pacm. Hopgnokcayuu 2udpoxnopudunurez muc (II) ayemam 6uaaH xocun
KUW/IUH2aH KOMN/1eKC MOHOKpUucmaauHuHz Xupuwigeabo cupmaapuoa
MO/1eKy/1a1apapo Kyu/iu 6000po0 6ozaaHuwiiap (a), 2D Xupuigpeabo 6apmokr
u3u Kyu/u 6000po0 6ozaaHuw yunapu 2pacpueu (b)
CuHTe3 KWIMHIaH MeTa/JIOKOMIIEKCHUHT TY3WIMIIMHA UcOoT/alll Macazuia
UK criektpu ypranwiav. Ymby /urasHf, Xamja SHTU CHUHTe3 KWIWHTaH
METa/IJIOKOMIT/IEKC KPUCTa/UTapUHUHT WK-crieKTp/apuHyd  KUECHM  COMUIITUPHO

yprauunay. JIurasg Ba CUHTe3 KUJIMHraH KoMruieKCe KpuctanuHuHr VK - ciektpu



SAnonwmsaa vinab ynkapunrad Shimadzu K- ®ypee ciektpodoromerpuma 400-
4000 c™m-1 coxana oMHAMN.

Kynnparu 5-pacmza nuradn HL sunr UK-cnekTpy Taxwnuaa Kywuujaru
coxanapga tebpanum Kysatungu: 3421.72 cm™ coxaga OH-TypyXWHHUHI BajieHT
TeOpanuiapy, 2985.81 cm™ coxaza -CHs rypyxura XoC MHT€HCHUBIIATH HOKOPU
BasileHT TeOpanui, 2821.86 cm™ coxacupma NH,  MOHHUHMHI BaJIieHT TeOpaHHIIIH,
1616.35:10" coxacuza >C=0 TypyXMHUHI >Xy[a FOKOPU WHTEHCHUB/IM BajeHT

TebpaHUILLIapy Ky3aTW/I/IH.
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5-pacm. Jluzaud HL Hunz UK-cnekmpu maxauiu
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6-pacm. Cunmes KuiunzaH [Cu(HL),(CH;COOH),](CH;COOH),(H,0):Cl,
mapku61u MemasnnokomniaekcHunz UK-cnekmpu maxauiu

6-pacMzia CuHTe3 KWIMHTaH KoOMIuleKC OupukMaHuHr WK-crekTpu
Tax/IMIMA KyHAugard coxanapza tebpanuin Kysatuiagu: 2924.09 cvm™ coxacuga -
CH; rypyxyHuHr BajieHT Tebpanwmim, 2802.57 cm™ coxacrga NH," rypyxura xoc
BasieHT TeOpanui, 1708.93 cm™” coxacuga CH;COOH Mo/eKy/JaCUHMHT BajIeHT
Tebpanuim, 1670.35-10" coxacuga >C=0 rypyX{UHUHT XKy/a IOKOPHA WHT€HCHUBIIN
BasieHT Tebpanuy, 628,79 cm coxacuga C-F 6oruuunr, 518,85 cv™ coxacupa
Cu-O GOFMHUHT BaJIeHT TeOpaHUIIl yacToTaaapy Ky3aThuiau.[7]

2-)KaaBasl
Jluraup HL (a) Ba [Cu(HL)2(CH3COOH)2](CH3COOH)2(H20)2CI2 Tapku6iu komiiekc (b) aunr UK-cnekrpiapu

TaXJ/IMWIH, CM 1

Tebranish tavsifi OH CH; C,H,0; NH," >C=0 M-0O
HL 3421.72 | 2985.81 - 2821.86 1616.35 -
[CU(HL)Z(C2H4OZ)2]
- 2924.09 | 2821.86 | 2802.57 1670.35 518.85
(C,H,0,)Cl,
Xymnoca: omb OopuiaraH TaAKWKOT/Iap HaTwkacuga HL  acocupa

[Cu(HL),(CH3COOH),](CH;COOH),(H,0),Cl, Tapknub/m SHr MeTa/lVIOKOMITJIEKC
cuHTe3 KuauHAW. CUHTe3 KWIKII YUYH OITHMAJI IIapouT/iapy ypranunau. CuHTes3

KW/IMHI'dH MeTa/IJIOKOMITJIEKCHUHT TapKI/IGI/I, MOJIEKYJIAD Ba KPUCTaJlll



Ty3WIMIIapy, peHTreH Ty3wmuin Taxawm (PTT), WK chnekrpockonuscu
Tax/IW/Iapyu épJamuja aHukiaaHgd. CHHTe3 KWIMHraH KOMIIEKCHUHT 3/IeKTPOH
tyswmiiiHl ORCA pactypupan doviganadradn xonza DFT ycynupga Hazapui
yprauunau, Xvpiidenab CUPT TaX/JUIU aMmalira OLpUI/IH.
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