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NK-CITEKTPBI MOHOMETAAANYECKNX KOMIIAEKCOB
TAAOTEHUAOB MEAN(II) C 1-TPET-BYTUA-1,2,4-TPUA30OAOM:
SKCIIEPUMEHTAABHOE 1 KBAHTOBO-XUMHWNYECKOE NCCAEAOBAHMWE

. C. CAITAPOBA", A. H. FOTATHKOB",
BAJTHM 3. MATYJIHC", M. M. JET'TAPHK?, O. A. HBAIIIKEBHY "

YBenopyccruii 2ocyoapemeennuiii yuusepcumem, np. Hezagucumocmu, 4, 220030, 2. Munck, Berapyce
Hayuno-uccredosamenvckutl uncmumym gusuxo-xumuyeckux npoonem BI'Y,
yn. Jlenunepaockas, 14, 220006, e. Munck, benapyce

B pesynerare B3ammoneiictBus xmopuaa u opomuga meau(ll) ¢ 1-mpem-6yrtun-1,2,4-tpuazonom (L) B Bome wmim
OPTaHMYECKHUX PACTBOPHUTEISIX CHHTE3NPOBAHbI KPUCTAIIMYECKHE, B TOM YHCIIE U B BHJIE MOHOKPHCTAJIJIOB, KOMIUIEKCHBIE
coeaunenust CuL,X, u CuL,X,, rne X = Cl umm X = Br. CocTaB u cTpoeHNE METAIIIOKOMIUIEKCOB yCTaHOBIICHBI METOIaMU
3NIEMEHTHOTO aHAJIN3a, peHTreHodazoBoro ananusa u MK-crnexrpockoruu B cpenneii (4000500 cM ') 1 ITTHHHOBOITHOBOM
(400-50 cM ') obnmacTax. B nensx maentudukanmu yactor B MK-criekTpax GBLIM BBINOTHEHbI KBAHTOBO-XHMUUYECKHE
pacuetsl konedarenbHbIX crekTpos komiiekcoB CuL,Cl, u CuL,Cl,. [Toka3aHo, 4To HoMMepHasi CTPYKTypa KOMIIIEKCOB
CuL,X, dopmupyercst 3a cueT MOCTHKOBOTO CBSI3bIBAHMS OHOTO M3 TaJIOTCHU/I-MOHOB. B KOMIUICKCHBIX COEAMHEHUSX
cocraBa CuL, X, ranoreHun-uons! u 1-mpem-0ytuin-1,2,4-rprazon GopMupyIoT CTPyKTypy OCTPOBKOBOTO THIA. Bo Beex
MeTaJIOKOMIUTeKcax 1-mpem-0yTui-1,2,4-Tprua3on KOOPIUHUPYETCS MOHOJICHTATHO aTOMOM a30Ta reTeporiukia N(4).

Knioueswvie cnosa: monozamenieHsblil 1,2,4-tpua3os; kKoMIiekcHbie coeauHenus; MK-crnekTpockonus; KBaHTOBO-XU-
MHUYECKHE PACUCTHL.

bnazooaprnocms. PaboTa BEIIONHEHA B paMKaX TEMaTHYECKOTO IIaHA CCISIOBAHUHI U MEKIYHAPOIHOTO COTPYIHH-
yectBa OOBEIMHEHHOTO HHCTHTYTA siIEPHBIX HccienoBanuii (Jlyona) n Hay4uno-uccnenoBarenbckoro HHCTUTYTa (pU3HKO-

XUMHUUECKUX 1pooiem BI'Y.
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IR-SPECTRUM OF MONOMETALLIC COPPER(II) HALOGENIDE
COMPLEXES WITH 1-TERT-BUTYL-1,2,4-TRIAZOLE:
EXPERIMENTAL AND QUANTUM CHEMICAL STUDIES
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The crystalline complexes CulL,X, and CuL,X,, where X = Cl or X = Br were synthesized by the interaction of
copper(Il) chloride or bromide with 1-tert-butyl-1,2,4-triazole (L) in water or organic solvents. The structure of metal
complexes have been studied by elemental analysis, X-ray analysis and IR-spectroscopy in the medium (4000500 cm ')
and long-wavelength (400-50 cm ) regions. Quantum chemical calculations of the vibrational spectra of the CuL,Cl, and
CuL,Cl, complexes have been carried out to perform the assignment of the signals in the IR-spectra. It is shown that the
polymer structure of CuL,X, complexes is formed due to bridging of one of their halide ions. In the CuL,X, complexes,
the halide ions and 1-fert-butyl-1,2,4-triazole form an island type structure. In all metal complexes 1-tert-butyl-1,2,4-tria-
zole is coordinated by N(4) atom of heterocycle.

Keywords: monosubstituted 1,2,4-triazole; complex compounds; IR-spectroscopy; quantum chemical calculations.
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BBenenue

IToBbIIIEHHBIN UHTEPEC K M3YUCHUIO KOMIUIEKCHBIX coenuueHunil (KC) MeTamioB mepexoaHoro psiaa ¢ mpo-
u3BOHBIMY 1,2,4-Tpuaszona o0yCIOBIEH TEM, YTO MOJIEKYJIbl TPHA30JI0B YacTO BBICTYIAIOT KAK THIIMYHBIC MO-
CTHKOBBIE JIUTAH/IBI, CIOCOOHBIE OOBEIUHATE IBA METAUTMIECKUX IIeHTpa [1], a 3TO MpemoCTaBIsIeT MHUPOKUE
BO3MOXXHOCTH JJIs1 pyHKUMOHaNbHOro qu3aiiHa KC mpu pemienun 3a1a4 cCHHTE3a HOBBIX MaTepuanos. [pyrum
BaXKHBIM CBOMCTBOM TPHA30JI0B, MO3BOJIIIONIMM CUHATATh UX NMEPCHEKTUBHBIMU B Ka4ECTBE JINTAHMIOB, SIBISETCS
NOJyYeHUE CITUH-KPOCCOBEPHBIX COeAMHEHUM ¢ comsimu skene3a(ll). B 3aBucumMocTr oT pUpoab 3aMeCTUTEIS
TEMIIEpaTypbl IEPEX0/1a U3 BHICOKOCIMHOBOIO B HU3KOCIMHOBOE COCTOsIHUE cocTaBisiioT oT 100 no 400 K [2—4].
910 cBoiictBo KC 1,2,4-Tpna3ona u ero Nporu3BOIHBIX B COBOKYITHOCTH C UX CUJIBHBIMU JOHOPHBIMH XapakKTe-
PHUCTHKaMH, a TAK)KE OTHOCUTEJILHOH JIETKOCTBIO CHHTE3a JeJIaeT UX OYCHb MIPUBIICKATEIbHBIMH TSI pa3paboTKu
MOJIEKYJISIPHOTO JIM3aiHa HOBBIX METAJNTIOKOMIUIEKCOB C 33JJaHHON CTPYKTYPOH M HEOOXOIMMBIMH MTPAKTHIECKH-
MU CBOICTBaMHM, HalIpUMepP MarHeTOXUMHUYECKUMH [1; 5].

B nacrosmeit pabore Obuin cuHTE3UpOBaHbl KoMIiekcHble coequHeHus Cul,X, m CulL,X,, tne L =
= 1-mpem-0ytun-1,2,4-rpuazon; X = Cl uiau X = Br. CrpoeHre MeTaluIOKOMITJICKCOB YCTAHOBIICHO METOJIOM
pentrenodasosoro aHanuza. B memsix ornecenus curnanoB B MK-cmekrpax ObUIM BBIIONHEHBI KBAHTOBO-
XMMHYECKHE pacdyeTsl KojebaTenbHbIX criekTpos komruiekcoB Cul,Cl, u CuL,Cl,.

BKCHepI/IMeHTaHLHaH 4acTb

IIpudopsl, MaTepuajbl U o0opyroBaHue. /(71 cCHHTE3a KOMIIJIEKCOB HCTONB30BaH cotu Menu(1l):
CuCl,-2H,0 u CuBr, mapku «X. 4.». B kauecTBe pacTBOpHUTeNel NPUMEHSIN 3TUIOBBIA CHUPT UM BOIHO-
CIIUPTOBYIO CMECh.

Coneprkanue MeTajla B TIOJTYYEHHBIX KOMIUIEKCAX OMPENesiId METOI0M KOMILIEKCOHOMETPHUYECKOTO TH-
TPOBaHMS MOCJIe MUHEpanu3anun oopasnoB B koHueHTpupoBanusix H,SO, n HCIO,, a conepxanue rasnore-
HUJ-HOHOB — METOJIOM 00paTHOTO TUTpoBaHwMs 10 Domsrapay [6].

UK-cniextps! 1-mpem-6ytun-1,2,4-tpuasona u KC (o6macts 4000400 cM ') 3anuchiBamm Ha criekTpogo-
tomerpe Thermo Avatar 330 (Nicolet, CIIIA). JlnnHHOBOIHOBBIE criekTpbI (06macts 400-50 cm ') KC peru-
ctpupoBanu Ha npudope Vertex 70 (Bruker Optik GmbH, T'epmanus).

KBaHTOBO-XMMHUECKHE PACUETHI BBINOIHSIIA C UCIONB30BAHUEM MporpammHoro nakera Gaussian 09 [7]
B pamkax teopun DFT (pynxumonan B3PWOI1). Ins aromoB H, C, N, Cl ucnionp3oBanu 6a3ucHbI HAO0D
6-311G(d,p), m1st aToMOB Mean — 6a3uCHBIN HAOOP ¢ 3 dexTHBHBIM noTeHuuanoM Lanl2DZ.

PentrenoBckue nupakiimoHHbIE TaHHBIE MOTUKPUCTATUINIECKUX KOMILIEKCOB PETHCTPUPOBAIIM Ha J1a00-
paropHoM peHTreHoBckoM audpakromerpe IPOH-3 (CoK -u3nyuenue, Fe-unbrp).
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Me CornmacHo MeToauke [8], amanTpoBaHHON K CHHTE3Y aJIKHITPUA30JIOB,

Né\N———éMe nonmydanmu 1-mpem-0ytuin-1,2,4-rpuazon (puc. 1) ¢ Bexogom 83-85 %.

\QN' Me B 100 mn 65 % XJIOpHO#M KHCIOTHI MPH MEPEMEIITUBAHUN U OXJIKICHUH

Ha JienssHoi 6ane pactBopsun 16,5 1 (0,24 moms) 1,2,4-Tpua3zona. 3atem 1o

Puc. 1. 1-Tpem-ytun-1,2,4-tpuazon  KAIULIM B TCYCHHE Yaca J0OABISsIH 22 MIT mpem-0y THIOBOTO CIUPTA U BBI-

Fig. 1. 1-Tert-butyl-1,2,4-triazole JIepKUBaJIM TIpU KOMHATHOW Temneparype 24 4. Jlanee nob6asmsiu 50 M

H,0, BogubsiM pactsopom NH,OH (25 %) noBomunu pH 1o 5 u skcrparu-

poBamu (3 x 50 mi) CH,Cl,. DKcTpakT Cymmian HaJl IPOKAJIEHHBIM Cylb(aToM MarHus, ¥ pacTBOPHUTEIb OTIO-

s, [locie oxmakIeHus moayJaid MPUOIH3UTETHHO 26 T KPUCTALTHIECKOTo 1-mpem-0Oytun-1,2,4-tpua3ona

¢ Temneparypoii asienus 41-42 °C, cnexrpom SIMP 'H (500,13 MTI', [D,]DMSO): 6=28,55 (s, 1H, CH), 7,93

(s, 1H, CH), 1,52 (s, 9H, 3CH;) m. 1.

Cunre3 KOMILIEKCHBIX coeanHennii. Meramnokommiekcsl [Cul,X,] n [CuL,X,] noxyyanu B3aumonen-

crBueM ¢ CuCl,-2H,0 nnmu CuBr, B Bozie WM OpPraHMYECKUX PACTBOPUTENSIX COMIACHO METOANKAM, ONHCAH-
HbIM B cooOmenuu [9]. Cocras KC npencrasiesn B Tadi. 1.

Ta6numa 1
BeIxos 1 coCTaB MeTa/LIOKOMILIEKCOB XJ10pH/Ia
u 6pomuna meau(ll) ¢ 1-mpem-0yrni-1,2,4-rpuasoiom
Table 1
The yield and composition of complexes of copper(Il) chloride
and bromide with 1-zert-butyl-1,2,4-triazole
Haiineno, % Beruucieno, %
Komrieke Bexon, % IBer

Cu Hal Cu Hal

CuL,Cl, 47 Tomy6oii 16,4 19,0 16,6 18,5

CuL,Cl, 85 Tomy6oit 11,0 11,9 10,1 11,2

CuL,Br, 68 3eneHsbii 13,0 33,3 13,5 33,8

CuL Br, 80 Tony06oii 9,0 22,2 8,8 22,1

Pe3yabrarbl 1 HX 00Cy:K1eHHE

Bsaunmogeiicteuem coneit meau(ll) (xmopuna u 6pomuna) ¢ 1-mpem-Oytuin-1,2,4-Tpua3onoMm B pacTBO-
PUTENSAX Pa3IUYHON MPUPOJBI C JOCTATOUYHO BBHICOKMM BBIXOAOM OblaM cuHTe3upoBansl KC Cul X, (n = 2
un =4) (cMm. tabn. 1). Ilpu 3TOM U3 MOMTYyYECHHON Macchl METAIIOKOMIIEKCOB OTOOpaHbl MOHOKPHUCTAILIBI
u metooM PCA ompenenena ux crpykrypa. B coeannennsax Cul,Cl, u CuL,Br, koopanHannoHHBIN MOTU3AP
npeAcTaBiIseT co00H NCKAKEHHYIO KBaJpaTHYI0 mupamMuy (puc. 2).

B KC nongo6Horo cocraBa mnoiauMmepHas Liemnb (pOpMHUPYETCsl 3a cueT OUIEHTAaTHO-MOCTUKOBOM KOOPIH-
HaIlM{ OJIHOTO M3 TaJIOTCHUAHBIX aTOMOB (CM. pHC. 2), a KOOPAWHAIIMOHHOE OKPYXECHHE aToMa MEIH — KBa-
aparHas nupamuga [CuN,X,]. ComracHO MeTOy INIaBHBIX KOMIIOHEHT (aHMI. principal component analysis,
PCA) TtpuasonbHble JUTaHAbl KOOPIMHUPOBAHBI LEHTPAJIbHBIM aTOMOM MOHOJEHTAaTHO M PACIOJIOKEHBI
B mpanc-nonoxenuu. Kommiekcst CuL,Cl, u CuL,Br, sBisitorcst coeAMHEHUsIMU OCTPOBKOBOrO THMa (pHC. 3),
B KOTOPBIX KOOpIMHAIMOHHBIN nonmaap coctaBa [CulN,X, | npencrasnser co00H MCKaKEHHBIH OKTa3p, a B €ro
AKCHAJIBHBIX MO3HMILIUSAX PACTION0KEHBI TaIOT€HH I-UOHBI.

L L L
x | oox ] x| -
/ Cu - Cu - Cu
~ - ~
x| | x|
L L L

Puc. 2. Cxema GpopMHUpOBaHHS TaJTOTCHHTHBIX MOCTHKOB B TIOJIMMEPHO
cTpykType Komruiekcos Cul,X,.
Hcrounux: [9]

Fig. 2. Scheme of formation of halide bridges in polymer
structure of complexes CuL,X,.
Source: [9]
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XUMHUYCCKHUX PaCUYCTOB.

Puc. 3. Cxema cTpOeHHS KOMIUIEKCHBIX COETUHEHUI
ocrposkosoro Tuna CuL X,
Ncrounuk: [9]

Fig. 3. The structure of islet type complexes:
CuL,X,.
Source: [9]
B Hacrosmiel paboTe OTHECEHHE OCHOBHBIX MOJIOC TorionieHus B MK-criekrpax HEKOOpAMHUPOBAHHOTO
1-mpem-6ytun-1,2,4-rpuazona u ero KC BBITOIHEHO C y4€TOM JIMTEPATYPHBIX JIAHHBIX O CIIEKTPax CBOOOJI-
HbIX azonoB U ux KC ¢ nepexompubimMu MetayutaMu [10; 11] u pe3ynsraTtoB NMpoBeEeHHBIX HAMH KBaHTOBO-

Haunbonee undopmarusHoit obnacteio B UK-cniekrpax 1-mpem-6ytun-1,2,4-rpuazona u ero KC sipnsier-
Ccsl TpyIa 4acToT KojieOaHWi a30JIbHOTO LUKIA, X M3MeHeHus npu nepexone otT MK-cmekrpa cBobogHO-
ro nurasaa k crektpam ero KC B o6nactu BaneHTHBIX (1502-1273 cM ') M BazeHTHO-IedOpMAIIMOHHEIX
(1170-962 cm™") koneGanuii TPHA30IBHOTO KOMbIA YKA3HIBAIOT HA y4acTHE IUKIA B 0OPA30BAHUU KOOPIH-
HAIIMOHHOM cBsi3u. B 3T0il 0OmacTn HaOmonaeTcs Xopouiee COOTBETCTBUE KAK OCHOBHBIX YaCTOT, TaK M OT-
HOCHUTEJbHBIX MHTEHCUBHOCTEH MOJIOC TOIVIONIEHNS B PACCUUTAHHBIX U dKcnepuMeHTanbHbIXx MK-crekrpax

(puc. 4), 4TO MO3BOJISIET BHIIOIHUTD WX HAICKHYIO HACHTUQHKaLUIO (Tabm. 2 u 3).

Tabnuma 2
MakcuMyMbI OCHOBHBIX MoJioc noriomerus B UK-cnexkrpax
xaopuaa meau(Il) ¢ 1-mpem-6yTun-1,2,4-rpuaszoom
Table 2
The maxima of the main absorption bands in IR-spectra of copper(II)
chloride with 1-zert-butyl-1,2,4-triazole
MaKCI/IMyMLI OCHOBHBIX I10JIOC ITOIJIOIIICHU S B I/IK-CHCKTan, CM7l
L CuLCl, CuLCl, Orecerite
3150 c. (mump.) - - CH:--N
3113 c. 3156 cn., 3134 cn. 3153 cp., 3145 cp. v(CH),,
Dhmime | Zemias | weaisen v,
’ ’ 2936 cp., 2880 cu.
1502 ou. c. 1519 c. 1519 c. v(C=N),,
1424 cp. 1459 cp. 1446 cp. V(C;—N,) + 8(CH)y,t
1397 cp. 1399 ou. ci. 1404 ci. 8(CH)-Bu'
1369 ou. c¢. CH, 1376 cp. 1375 cp. 3(CH)-Bu' + v(C=N),,
1273 ou. c. 1285 c. 1285 c. v(C;—N,) + v(N,—N,)
1173 ca. 1170 c. 1173 ou. c. 3(C,—H),,
1133 cp. 1119 1124 c. 3(Cs—H),,
962 c. 994 ou. c. 990 owu. c. (0-3);,
875 c. 903 cp., 890 cp., 876 cp. 912 c¢p., 899 cp., 888 ci. x(CH),
684 c., 664 ou. c. 690 ou. c., 682 ou. ci1., 652 ou. c. 679 cp., 667 ou. c. t-Tr
- 238 cp. 271 cp., 297 cp. v(Cu—N)
- 326 ou. c. - v(Cu—Cl,)
- 353 c. 363 ou. c. v(Cu—Cl,)

Ipumeuanue. [LI0mams Mon0CH MONIOMIEHHUS: 0Y. C. — OYE€Hb CHIIbHAS, C. — CHJIbHASL, CP. — CPEHSsL, CJI. — crabast, 04. CII. — OYeHb
crabast, IUp. — IMUPOKast; KOJICOAHHUs: V — BAJICHTHBIC, O — IeOPMAIIOHHBIC, ) — BHEIUIOCKOCTHBIC, T — TOPCHOHHBIC, (0 — INIOCKOCTHBIE;
Tr — Tpua3obHbI LUK, Bu' — mpem-6yTuibHas rpyIina; aHMOH: M — MOCTHKOBBII, K — KOHIIEBOM; H- -+ — BOIOPOIHBIE CBA3H.
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Crnemyer OTMETHTB, 4TO KBAaHTOBO-XxuMHUeckre pacuetsl MK-cniekTpos 6butn BeimonHens! aiist KC 1-mpem-
Oytui-1,2,4-rpuazona ¢ xiopugaom meau(Il) (em. tadm. 2). Comnacuo panusiM PCA, nsyuennsie KC xmopuaa
n 6pomuna meau(Il) ¢ 1-mpem-6ytun-1,2,4-Tpra3onom sBISIOTCS U30CTPYKTYPHBIMH, TO3TOMY ¥ H3MEHEHUS
B cpenueit obmactu MK-criekTpoB Takke OQHOTHITHBL. B CBSI3U ¢ 3TUM OTHECEHHE TO0JI0C TOTIIOMICHUS B DKC-
nepuMeHTanbHbIX MK-criekrpax xommexcoB Opomuaa meau(1l) (tabs. 3) ocymiecTBIAIOCHh Kak Ha OCHOBAHUN
nuTeparypHbIX JaHHBIX [10—14], Tak 1 TaHHBIX KBAaHTOBO-XMMHUYECKHX PACYETOB XJIOPUIHBIX KOMITJIEKCOB
CuL Cl,(n=2un=4).

Anams VK-criektpoB cBoGoaHOTrO 1-mpem-6yTiin-1,2,4-rpuazona u ero KC B o6nactu 3200-2800 cm '
MOKAa3bIBAET, YTO HAMOOJBIITNE H3MEHEHHUSI IPH KOOPIUHAIIMY JIMTaH/]a MOHOM MeTallia peTeprieBaet 001acTh
BaJIeHTHbIX Kosebanuil cazeit C—H tpuaszonsroro nuxiia — v(CH),, (cm. tabn. 2 u 3). ITonoca nomiomeHus
B UK-criektpe cBoOomHOTO 1-mpem-0yTmi-1,2,4-Tpua3ona B o6mactu BogopoaHsix cBss3eit CH:--N ¢ Makcu-
Mymom mpu 3150 v ' (Ta6u. 2) 1 oTCyTCTBHE 9T MONOCK Hortomtenns B cniekrpax KC (cm. Tadm. 2 u 3) yka-
3BIBAIOT HA HAJMYWE CHUJIBHBIX MEKMOJIEKYISIPHBIX CBs3eil B rcxonHoM smranse [15; 16]. [lonTeepxxaennem
atoro sBisroTCs ganabie PCA [9] HEKOOpIUHUPOBAHHOTO JINTAHA, B KPUCTAJUIMYECKON CTPYKType KOTOPOTO
orMeudeHsl BojtopoaHbie cBsizu C(5)H:--N(4). [Ipu aToM 06pazyroTcst monrumMepHbIe 1enu (puc. 5).

W WWI
W WH
3000 1500 1000
BonHOBOE YHCIO, CM '

Puc. 4. Paccanrannsiii (I) u sxcnepumentansusrit (I11) UK-ciexrpst KC Cul,,Cl,
Fig. 4. Calculated (I) and experimental (II) IR-spectra of CuL,Cl,

Takum oOpazom, npu KoopauHAIWH |-mpem-0yTni-1,2,4-rprazona NEeHTPATbHBIM aTOMOM TPOUCXOIUT
paspylIeHre MOJIUMEPHON CTPYKTYpPbl UCXOAHOTO JINTaH/1a, 00pa30BaHHOW BOJAOPOIHBIMH CBSI3SIMHU, TIOITOMY
B MK-crekTpax MeTauIoKOMILIEKCOB ucue3aroT nojockl montorerus v[C(5)H:-N(4)] (cm. Tabn. 2 u 3).
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Puc. 5. YnaxoBka B IOJIHIIPE KPUCTAITHIECKOTO 1-mpem-0OyTtni-1,2,4-Tpuasomna.

[TyHKTHpHAS THHUS TOKa3bIBaeT BOJOPOJHEIE CBS3M.
JInst ynpouieHus cXeMbl mpem-0y THIIbHAs TPYIIIA IIPEACTABICHA B BUIE TOUKH

Fig. 5. The structure of crystalline 1-fert-butyl-1,2,4-triazole. The dotted line shows hydrogen bonds.
For simplicity, the tert-butyl group is represented as a point
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Tab6nauna 3
MaxkcumyMmbl OCHOBHBIX NoJ10c noryiomenus B UK-cnexkrpax
opomuna meau(ll) ¢ 1-mpem-6yrni-1,2,4-rpuazosnom
Table 3
The maxima of the main absorption bands
in the IR-spectra of copper(Il) bromide with 1-zert-butyl-1,2,4-triazole
MaxkcHMyMbI OCHOBHEIX TI0J10C roromienns B MK-cnekrpax, cm '
L CuL,Br, CuL,Br, Orecerme
3150 c. (mmp.) - - CH---N
3113 c. 3159 ou. ci1., 3138 ou. ciI. 3138 cm., 3108 cp.
V(CH)y,
e | ML | ool o e,
’ 2880 ci.
1502 ou. c. 1518 c. 1517 c. v(C=N)Tr
1424 co. 1459 c. 1476 cm., 1436 ca. V(Cs—N))y, + S(CH)g,
1397 cp. 1399 ou. ca. 1403 ou. co. S(CH)p,
1369 ou. c. 1370 cp., 1352 ou. e 1913 6P, 1500 0% &l oo
1273 ou. c. 1282 cp., 1224 cp. 1283 on € 25.26 cp-» WC—N,) + V(N —N,),,
1173 ca. 1169 ou. c. 1172 ou. c. 8(C,—H),,
1133 cp. 1117 ou. c. 1122 ou. c. 3(Cs—H)y,,
962 c. 994 ou. c. 990 ou. c. (®-3)r,
875 c. 890 c., 875 cp., 822 ci. 895 ci., 882 ci., 823 ci. x(CH).,
634 c., 664 ou. c. 691 e 082 0 e 678 cp., 667 cp. Tr
- 262 c.,2% c. 296 c., 309 c. v(Cu—N)
- 316 ou. c., 331 c. - v(Cu—-Br,)
- 370 c. 333 ou. c., 362 c. v(Cu—aBr,)

Ipumeuanue. [LI0mams MoNOCH MONIOMIEHHUS: 0Y. C. — OYE€Hb CHIIbHAS, C. — CHJIbHASL, CP. — CPEHSsL, CJI. — ciabast, 04. CII. — OYeHb
crabast, IUp. — IMUPOKast; KOJICOAHHUs: V — BAJICHTHBIC, O — IeOPMAIIOHHBIC, ) — BHEIUIOCKOCTHBIC, T — TOPCHOHHBIC, () — INIOCKOCTHBIE;
Tr — Tpua3obHBIA LUK, Bu' — mpem-6yTuibHas rpyIiNa; aHMOH: M — MOCTHKOBBI, K — KOHIIEBOM; H- -+ — BOIOPOIHBIE CBA3H.

IIpu nzyuennu UK-crnekrpor KC 65110 ycTaHOBIEHO, uTO TIos10ca noriomienns V(CH) Tpra3oiapHOTro nuk-
Jla U €ro KOOpAUHaLUK HeHTpaabHbIM aToMoM B MK-cnexrpax xommiekcos cocrasa Cul X, (n=2un =4;
X = Cl nmu X = Br) pacmeruisieTcs Ha IB€ YeTKO BBIPaKEHHBIE KOMIIOHEHTHI. DTO XOPOIIO COTIACyeTCs € To-
JTy4eHHbIMU Hamu panee JaHHbiMU MK-cniekrpockonuu KC B cityuae, Korja JIMraH oM BbICTyIaeT 1-mpem-
oytmrrerpasoin [17; 18].

Tak »xe kak u B MK-cnekrpax panee m3yuenusix KC memu(ll) ¢ monozamemennsiMu Terpazonamu [17; 18],
TIOJIOCHI TIOIVIOIICHHS BaJICHTHBIX KosicOanuii csizeit CH mpem-OytunbHoro 3amecrurens (cM. tadi. 2 u 3) pac-
TIOJIOXKEHBI B XapaKTePHOM JUIs HUX oOnmacth criektpa: 2990-2880 cv ' [15; 16; 18-21]. JluteparypHble 1aHHbIC
1 noy4deHHbie UK-crieKTpbl CBHIETENBCTBYIOT, YTO OT/ACNIbHbBIC HE3HAUUTEIbHbIC U3MEHEHHUS YaCTOT U MHTCHCHB-
Hocreit nonoc normtomenus V(CH) mpem-6ytunbHoit rpynmel B MK-criekrpax KC He cBsizaHbI ¢ yuacTHeM 3THX
IpyIIl B 00pa30BaHUH CBSI3EH, a ONPEACIISIOTCS TIOJIOKEHHEM a30JIbHOTO IMKIIA B KOOPMHAIIMOHHOM TIOJHAIPE.

Kak ormeueHo B cooOreHusx [12—14], o BO3MOXKHBIX criocobax koopauHanuu 1,2,4-Tpruasolia u ero mpo-
W3BOJIHBIX IIEHTPAIBHBIM aTOMOM MOYKHO B OTIPEICIICHHOHN CTEIEHH CYIUTh MCCeaysl 00IacTb TOPCHOHHBIX
KOJIe0aHUH TPUA30JIBHOTO LUKIIA, TIOJOCH MOIVIOMICHHUSI KOTOPBIX PErHCTPUPYIOTCS B MHTEpPBAJIE YaCTOT OT
690 10 450 cM™' (cm. Ta6m. 2 u 3). Kak npasuio, npu koopauHAuH 1-mpem-6yTii-1,2,4-Tpuasona aToMoM
MeTajuia B 3TOH 00NacTH HAOIIONAETCS BHICOKOYACTOTHOE CMEIIEHHE OCHOBHBIX MOJIOC MOTJIOMICHUSI, B HEKO-
TOPHIX cirydasx ¢ Av 10 50 cm ™. B H3y4eHHBIX COeIMHEHHSX TTOA0OHOE CHITPHOE BRICOKOUACTOTHOE CMEIICHHE
HUMEETCsl y TNIOCKOCTHBIX JiehopMaliyii TPHa30IbHOTO LKKJIa (CM. Ta0i. 2 u 3).
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Kak cnenyer u3 taba. 2 u 3, B UK-cnekrpax KC uzyuennoro 1,2,4-Tpraszona npoucxouT MOBBIIIICHUE Ya-
CTOT BalleHTHBIX KoJeGaHuil CBsA3ell TPHA30IBHOTO IUKIA Ha 5—20 cM ' 110 CPAaBHEHHIO CO CIIEKTPAMH HEKOOP-
JTUHUPOBAHHOTO JIUTAHIA, YTO XOPOIIIO COITIACyeTCsI C TaHHBIMU KOJIe0aTebHOM CTIEKTPOCKOIHH JUTS IPYTHX
a30JI0B ¥, B YaCTHOCTH, JJIs1 1-MOHO3aMeIlIeHHbIX TeTpa30ioB [18]. [TomoOHbIe H3MEHEHUS C YUETOM JINTEpa-
TYpPHBIX JIJaHHBIX [22—25] CBUAETENBCTBYIOT, UTO B 00pa30BaHNU KOOPIWHAIIMOHHON CBSA3M YYacTBYET OMH U3
aToMOB a30Ta rereporkia. [lomyuennsie pesynsraTsl Xopoino cornacyiotes ¢ nanasiMu PCA stux KC [9].

AHan3 Npe/ICTaBICHHBIX B Ta0l. 2 M 3 JaHHBIX JUTMHHOBOIHOBOH obmacti MK-crextpos (400-50 cv ')
M3yYEHHBIX METAJNTOKOMITJIEKCOB TajoreHn10B Mean(11) mokaspiBaet, 4To OCHOBHBIE TTOJIOCKH OTJIOLIEHHS CO-
XPaHAIOT XapaKTePUCTHYHOCTD Kak 1Mo (hopMe, TaK U 10 YacTOTE B CIIEKTPaX KOMIUIEKCOB PA3IMYHOTO COCTABA,
YTO IMO3BOJISIET JIOCTATOYHO YETKO MJCHTHU(HUIIMPOBATH MOJIOCHI MOTTIOMICHUS, COOTBETCTBYIOINE KOIeOaHH-
siM MeTaiT — aurang U metayut — ranored. CornacHo PCA [9] B KC xmopuna u 6pomuna meau(ll) cocrasa
CuL,X, nmonumepHas CTpykTypa (GpOpMHUPYETCs 32 CUET MOCTHKOBOTO CBS3bIBaHMS OZHOTO M3 aHHOHOB (Cl
wi Br), B To BpeMs Kak BTOpPO# aHMOH ocTaeTcsi cBoOoaAHbIM. B MK-criekTpax 3TuX KOMIUIEKCOB BaJIEHTHBIE
xone6anus ceaszu Cu—Cl pUKCHPYIOTCS B BU/IE HHTEHCHBHBIX MOJIOC TOMIOMEeH s Ipy 326 u 353 cv . Tpu
3TOM OoJiee HU3KOYacTOTHas Tosioca noroieHus coorBercTByeT v(Cu—Cl—Cu), a monoca noriomeHus npu
353 cm ' — konneBsM atromam xsopa: v(Cu—Cl). TTonyuernsie MK-CIIeKTpOCKOIMYECKHE JAHHBIE COOTBET-
CTBYIOT KOJICOQHMSIM MOCTHKOBO-CBSI3aHHOTO aToMa Xjiopa, Hanpumep, B ciekrpax CuCl,-2H,0 [20], a Taxxke
B criekTpax KC nmepexoaHbIx MeTasuioB ¢ ipyruMu azonamu [26-28]. ITonocsr nomomenus v(Cu—Br) B K-
crekTpax komiuiekca CuL,Br,, o cpaBHEeHUIo co criekrpamu Komiuiekca xjaopuaa meau(Il), cmemieHs! B HU3Ko-
YaCTOTHYIO 00JacTh M MPOSBISIIOTCS B BUJIE€ TPUIUIETA MOJIOC CUIIBHONW MHTEHCHUBHOCTH B MHTEpBaje 4acToT
370-316 cM ', uto 0ycioBIeHO GoNee BHICOKOI Maccoii atoma 6poma. B meramiokommiekcax Cul,X, mo-
sockl ororenus v(Cu—Cl) u v(Cu—-Br) peructpupytoTcs B 60jiee BBICOKOYaCTOTHON obsacTH (cM. Tab. 2
u 3), uTo, cornacHo [22; 26-28], xapaKTepHO /s KoJIeOaHUI KOHIIEBBIX CBSI3€H MEIh — rajJoTeH U TOATBEPK-
naercst tanHbIMH PCA kommiexcoB CuL,Cl, u CuL,Br, [9], umeromux monekynspHoe cTpoeHue. ITomocs
TIOIVIONIEHHS, OTHECEHHBIE K KoebanusaM ceszeil Cu—N, dukcupyrores mpu 297238 cM ' 11sl KOMIUIEKCOB
xnopuna meau(I) u 309-262 cv ' s 6pomuna meau(Il) (em. Ta6m. 2 u 3). Tonock! nornomenns v(Cu—N)
CHJIHPHOU MJTU CpeHEN MHTEHCUBHOCTU PACIIONIOKEHBI B JNTMHHOBOIHOBOM obnactu UK-crekTpoB, xapakrep-
ot st KC MeraminoB ¢ Apyrumu N-3aMemIeHHBIMHI a30J1aMU WA TTOJOOHBIMU UM coenuHeHusmu [10; 20;
25-28], u uneHTU(UKAIMS UX HE BbI3bIBACT COMHEHHMI. B 11e710M Ha0II0/1aeTCsl XOPOIIee COOTBETCTBUE CIICK-
TPOCKOTIMUECKHUX JAHHBIX, MIOJYYeHHBIX HaMU, ¢ pe3ynbraraMu PCA m3yueHHBIX KOMIUIEKCOB, a TaKkKe JaH-
HBIMH CHIEKTPOB JIPYTHX KOMIUIEKCOB 3d-MeTalIoB ¢ azonamu [26; 27; 29-31].

3aKjaoueHune

[IpoBeneHHbIE UCCIIEIOBAHUS TIOKA3bIBAIOT, YTO PE3YJIBTAThl KBAHTOBO-XUMHYECKUX PACUETOB KOJIEOATEIIBHBIX
CIIEKTPOB HEKOOPAMHUPOBAHHOTO JinTrana u ero KC XopoIio cornacyroTces ¢ mojly4YeHHbIMU SKCIIEPHMEHTaITb-
HBIMU AaHHBIMU WK-CcrieKTpOoCKONMM 3THX COeNMHEHNH. B CBSI3U ¢ 3TUM pe3ysbTaThl KBAHTOBO-XUMUYECKHX
pacyeToB MOT'YT OBITh MCIOJIB30BAHbI 1Jisi 00Jee KOPPEKTHOW HIICHTU(UKAIIMA OCHOBHBIX YacTOT B Koyeba-
TEJNBHBIX CHEKTpax IMPOW3BOIHBIX a30JI0B M PEUICHUS 3aJa4d OINpEeNIeHHs] Coco0a KOOpAWHALIMY JTUTaH/1a
LHEHTPaILHBIM aTOMOM 110 JaHHBIM METOJIa KOJIeOaTeIbHOM CIIEKTPOCKOIINH.
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