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CTPYKTYPA U CBOMICTBA HAHOKJIACTEPOB Me, IB-METAJLJIOB C n =2-8

© A.A. lopoumienko, N.B. HeuaeB, A.B. BBenenckuii

Knouegbvle cnosa: HAaHOKIIACTEPI METAJLIOB; KBAHTOBO-XHMHYECKOE MOJICTMPOBAHNE; yCTORYHBEIE H30MEPHI.
KBaHTOBO-XMMHYECKMM MOJIEIMPOBaHUEM KilacTepoB Me, IB-meTamioB ¢ n = 2—8 BbIsBJICHBI X HanboJIee yCTOHYMBbBIE
uzomepubie hopmsl. [IpoBeneH aHanu3 CTPYKTYPHI U PsAa CBOMCTB (T€OMETPHIECKHIX, JHEPTETUYECKUX, DIICKTPOHHBIX).
TlokazaHo, 4TO C yBelIMYEHHEM pa3Mepa KilacTepa BO3pacTaeT YHCIO H30MEPHBIX (OpM, Cpeir KOTOPHIX IOBHIIIACTCS
nonst 3D-ctpykryp. Ocymectsien pacuer UK-cniektpoB Hanokiactepos IB-metamios npu 7' = 298 K, BbIsBIEHO yIIU-
peHue auana3oHa KojaeOaTelbHbIX YaCTOT MPEHMMYIIECTBEHHO B 001aCTh MajIbIX BOJIHOBBIX YHCEIL.

BBEJIEHUE

Hanoxnacrepst Me, metamnos IB-noarpynns! ucnosns-
3YIOTCSI KaK BEICOKOAKTHBHBIC KaTATUTHUECKUE MaTepHaIbI
JUISL 3JIEKTPOHHBIX, ONITHYECKUX M MEAUIIMHCKUX yCTPOHCTB
[1-2], B doroxumum [3] u remuorexnuke [4]. Ocobo nep-
CIIEKTHBHBI Maible KiacTepsl ¢ # < 10, Bce aTOMBI KOTOPBIX
SIBJIIOTCS TIOBEPXHOCTHBIMIL.

OKcnepuMeHTanbHO [5—8] u Teopernuecku [9-16] ye-
TAHOBJICHO HAJIMYME OCHMUIMPYIOIIEi 3aBHCUMOCTH psija
XapaKTepUCTUK KiacTepoB IB-mertamnoB or ux pasmepa,
910 OOBIYHO CBsI3BIBaeTCS € 3(pdeKkToM pasMepHOro KBaH-
toBaHus. Hambonee sipko ocummismuu cBoiicTB (pabora
BBIXOJIa OJIEKTPOHA, IOBEPXHOCTHAs SHEPTHs, >HEPTUs
XeMOCOpOIMU U Ap.) OT pa3Mepa MPOSBISIOTCA Y OTHO-
MEPHBIX M ABYXMEPHBIX CHCTEM — aTOMHBIX LEMOYeK M
TOHKHX IUIeHOK [17-18]. OnHako HEKOTOpBIE XapaKTepH-
CTHKH, B YaCTHOCTH MapLHalbHas IUIOTHOCTh COCTOSHHI
MOBEPXHOCTHBIX aTOMOB, MOHOTOHHO 3aBHCHT OT pa3Mepa
kiacrepa [19].

Lens paGoTsI: BBIIBICHHE METOMOM KBAaHTOBO-XHMH-
YECKOTO MOJENMPOBAHUS YCTOWYIHMBBIX H30MEPHBIX (OpM
HAHOKJIACTEPOB MeAH, cepedpa M 30710Ta; ONpeselIeHIe HX
IPOCTPAHCTBEHHOT'O CTPOCHUSI U CBOMCTB.

METOANKA PACYUETOB

Pacuerst mpoBemenst mMetomom DFT (mporpammabIit
nakeT Gaussian 03) ¢ ucronp30BaHHEM THOPHIHOTO (DyHK-
nuonata PBEO [20]. ATOMBI MeTajsIOB OIHCBHIBAJIHCH
nceBponorenipanom SDD [21].

[TonHas onTUMuU3aIMA TEOMETPUU CTPYKTYp OCYIIECT-
BJIEHA CO CJIEIYIOIIUMHU KPUTEPUSIMH CXOIUMOCTH: 4,510
XapT'pn-Bop’1 — JUis TpaaMeHTa (Cuil Ha aToMax) u 1,8- 107
bop — nng BenuuuH cMemeHus aToMoB. OTCYTCTBHE MHU-
MBIX 3HAQUCHUH B CIIEKTpe KOJIeOATEeIbHBIX YacTOT CBUAE-
TENIBCTBOBAJIO O COOTBETCTBHM MONYYEHHBIX CTPYKTYp
MHHHMYMY Ha IIOBEPXHOCTH IIOTEHINAIBHOH SHeprun. s
BU3YyalIM3ali CTPYKTYPHl KIACTEPOB HCIONB30BaHA IIPO-
rpamma ChemCraft [22].

PacuyerHass cxema MpOTECTHPOBAHA HAa JBYXaTOMHBIX
gactunax (tabm. 1). Omubka B onpeneneHny CTaHIapTHOM

0
sutanenun gucconnamnn AH 5. nns Cup u Ag, He mpe-
Boiaet 7 %, a mus Au, coctaBisier 14 %. PaccunranHoe
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Ta6muna 1

PaccunTannble u 3kcniepuMeHTanbHEIC [5] (BBIIET.)
XapaKTepUCTUKHU YacTull Me,

Yacruma AH gy R, V] Vi Vpacu
kJx/MOIB M M
Cu, 193,1981 2,4 iig 2266614 1,021
Ag 159,1243: 2,9 iig 1192f4 1,040
Au, 220,1992 1,9 iig 119?)?9 1,103

MEXaTOMHOE PAcCTOsIHUE R B LieJIoM 0ojiee TOYHO COrfa-
0
cyeTcs ¢ 3KCHEPHMEHTOM, 4eM BemuunHa A j; . : oTKIIO-

HeHUe He mpesblmaeT 5 %. XapakTepHcTHUECKHe YacTOThI
konebanuii v mpu 298 K paccuutaHbl B paMKax npuoOImxKe-
HHS TApPMOHUYIECKOTO OCIHIIIATOPA.

PE3VJIBTATBI U UX OBCYXJIEHUE

Jly1s monmy4eHust BceX BO3MOXKHBIX M30MEPHBIX CTPYK-
Typ KiacTepoB Me, KaXIOro MeTanjga CreHEpUPOBaHO
6osiee 150 cTapTOBBIX T€OMETPHI, ONTHMH3ALHS KOTOPBIX
NpOBE/ICHA C MOMONIbIO anroputma bepuu [23].

3a KpUTEpHIl OTHOCHTEIIFHON yCTOWYNBOCTH U30MEPOB
Me, npu 7 = 0 K B3sTa BenmuurHa U3MEHEHUS SHTAJIBIIUU

AHgm,o (Me,) B mpoliecce UX TONHON AMCCOLMALMU Ha

aATOMBI.
Me, =n-Me. ey

DHTaIBINUS JTACCOLUAINH AH((J)is KOTOPYIO MOXKHO

5,0 °
TPaKTOBaTh KaK TEILUIOBOi 3ddeKT mporecca UCCoHaium
npu abCONIIOTHOM HyJIe TeMIIEpaTyphl, PACCUUTHIBANACH T10

dopmysre:

AHJy 0 =n-E(Me)— E(Me,,) )
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n=2 @@

o
Cu, Ag, Au ‘ Ag. Ad

Puc. 1. HaubGounee ycroituuBbie cTpykTypbl KiiactepoB Me, (Me = Cu, Ag, Au; n = 2-8)

Tabiuna 2

Yucno cTabuIbHBIX H30MepoB (f) kiacTepoB Me, u cBoOiCTBa IBYyX HanbOoinee ycronunBbeix Gopwm (I u 1)

AH®

TAS®

Knactep n G) AH giss,O > diss,298° diss,298° AG:J)I'S.Y,Z‘)S’ Evnomos Erumos VmiE, szg(,
kJlx/Mons | kJUk/Monb | kJk/Momb | KJK/MOJb B B M M

2 1 181-1 184-1 27-1 157-1 -5,89-1 | —2,19-1 261-1 261-1

3 1 2721 2761 51-1 225-1 —421-1 | -2,65-1 97-1 250-1

4 1 481-1 4861 891 397-1 —498-1 | —2,68-1 57-1 267-1

5 2 6581 663—1 119-1 5441 —4.80-1 | —2,07-1 39-1 259-1

62811 63311 12211 512-11 —4.52-11 | -3,04-11 | 75-11 265-11

Cu, 6 4 892-1 898-1 155-1 743-1 =5,72-1 | -2,16-1 45-1 261-1
88011 88711 157-11 730-11 —5,44-11 | —225-11 | 42-11 25611

7 4 1116-1 1124-1 198-1 9261 —4,58-1 | -2,02-1 73-1 241-1

1095-11 1103-11 197-11 90611 —4,73-11 | —2,02-11 | 60-11 | 241-11

] 6 1349-1 1358-1 2361 11221 5,581 | —1,99-1 53-1 238-1

1341-11 135011 236-11 111411 —5,30-11 | —2,40-1I1 | S58-II 236-11

2 1 1461 1481 26-1 1221 -5,69-1 | —2,40-1 185-1 185-1

3 1 216-1 219-1 48-1 171-1 —420-1 | -2,74-1 50-1 172-1

4 2 388-1 391-1 881 303-1 —4.83-1 | —2,83-1 37-1 186-1

367-11 370-11 7811 293-11 —4.86-11 | —2,94-11 811 197-11

5 5 535-1 5381 116-1 423-1 —4,69-1 | —2,21-1 27-1 183-1

Ag 486-11 489-11 117-11 372-11 44811 | -3,09-11 | 50-II 18011
" 6 5 738-1 742-1 152-1 591-1 =5,60-1 | —2,28-1 31-1 1881
71611 720-11 153-11 567-11 —5,34-11 | —2,32-11 | 30-II 177-11

7 3 8821 887-1 192-1 6951 —4.47-1 | -2,20-1 47-1 164-1

86911 87311 191-11 68211 45811 | -2,12-11 | 39-II 16311

] 12 1082-1 1087-1 229-1 8581 —549-1 | —2,03-1 35-1 162—1

107311 1077-11 230-11 84811 —5,50-11 | —2,44-11 | 4811 16311

2 1 187-1 190-1 27-1 163-1 -7,09-1 | -3,43-1 173-1 173-1

3 2 275-1 278-1 48-1 230-1 -6,39-1 | -3,08-1 18-1 160-1

275-11 27811 5011 22811 —5.24-11 | -3,76-11 57-11 161-11

4 5 489-1 4921 90-1 402-1 -6,06-1 | —3,79-1 16-1 1661

483-11 486-11 8411 40211 —6,24-11 | -3,96-11 | 32-1I 19211

5 3 6761 679—1 120-1 559-1 —5,83-1 | -3,04-1 23-1 175-1
Au, 593-11 59611 120-11 476-11 —5,45-11 | —4,00-11 | 35-II 162-11
6 4 945-1 9481 159-1 7891 -6,83-1 | -3,07-1 31-1 180-1

86611 86911 157-11 71211 —6,40-11 | —3,15-11 23-11 15911

7 14 1067-1 10701 1891 881-1 5,721 | -3,22-1 13-1 185-1
1050-11 1053-11 18911 86411 —5,23-11 | —3,23-11 | 13-1I 179-11

8 25 13141 13181 224-1 10941 -6,67-1 | -3,63-1 4-1 199-1
128811 1291-11 234-11 1057-11 —6,46-1I1 | —2,98-11 | 25-II 144-11
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rae E(X) — monmHas 3HEPTHsl COOTBETCTBYIOILEH YacTHUIIBI
IUTIOC HEPTHS ee HyJeBhIX KojeOanuil. Kputepuem yctoi-
YUBOCTH KiacTepoB npu 7' = 298 K ciyxuino u3mMeHeHHe

sHeprun [ 'ub6ca AGgiss,zgg(Men) B mporecce (1), mpore-

KalollleM B WeaJbHON Ta30BOH CMECH HPH CTaHAApTHBIX
YCTIOBHSIX.

Ha puc. 1 npuBeneHs! ONTUMH3UPOBAHHBIE CTPYKTYPEI
Hanbosee ycToiuuBeix mpu 0 K kmactepoB amst Kaxzaoro 7;
oO1ee YMCIO MOMYYEHHBIX KIACTEpOB Ui MeIu, cepedpa
1 30JI0Ta PaBHSAETCS, COOTBETCTBEHHO, 19, 31 u 51. B tabm. 2
NpUBEAEHB] HEKOTOPBIE XapaKTePUCTHKHU UIS BYX HauOo-
Jiee yCTOWYMBBIX H30MepHBIX hopM — [ 1 1L

IlomyuenHsle HanboIee yCTOHYMBEIE H30MEPHI (CTPYK-
Typsl Me, 1) cormacyioTcs ¢ TakOBBIMH, KCIIEPUMEHTANb-
HO BBIABJICHHBIME Ui Menu (n = 2-8) [16], cepebpa (n =
= 5-7) [13] u 30mota (n = 2—-8) [24]. Camble cTaOUIBHBIC
M30MEpHI KJIACTEPOB MeAU U cepedpa BO BCEM HHTEPBANIE 71
oauHaKoBBL. JI7Isl BceX TpeX METaUIOB yCTOHYHMBBIC Kila-
cTepsl ¢ n = 3—6 sABIAOTCS IUIOCKUMU. {1 KiacTepos
Menu u cepedpa ¢ n = 7-8 Haubonee CTaOMIBHBIE CTPYKTY-
PBI TPEXMEPHBI, B OTIIMYHE OT 30JI0Ta, I'7Ie BO BCEM HHTEpBa-
JIe pa3MepoB KJIACTEPOB JOMUHUPYIOT IIIOCKHE CTPYKTYPBL.

OCOo0EHHOCTH KJIACTEPOB 30JI0Ta IMPOSBIISIOTCS, HAUH-
Has ¢ n = 3. Ha moBepXHOCTH MOTEHIUAIBHON SHEPTUHU IS
30JI0Ta MPHUCYTCTBYIOT JBa YETKUX MHHHUMYMA, 3@ MAJIbIM
(~0,1 x/x/MONB) MPEUMYIIECTBOM BTOPOTO HpPH YIJe
<Au-Au-Au = 131,1°. [Ins cepebpa u Mey BTOpOH MHUHU-
MYM OTCYTCTBYET.

Jlnsa xnactepoB Mey Hambonee yCTOHUMBAs CTPYKTypa
(s Menn oHa xe enuHcTBeHHas1) mpu 1 = 0 K o6nagaer
cummerpueit D,,. Takas cTpykTypa 3HEpPreTHuecKd OTJIH-
YaeTcs OT BTOPOTO M30Mepa st cepedpa u 3oiota Ha 21 u
6 x/[x/Monb cooTBercTBeHHO. OIHAKO TPH TeMIlepaType
298 K mns 3omota ctpykrypa Au, | nume HemMHOTO, Ha
0,1 x/Ix/mMoib, Gonee crabuiIbHA IO CPABHEHHUIO CO CTPYK-
Typoit Auy II. Kak u B ciydae 4eThIpexaTOMHBIX KJlacTe-
POB, camble CTaOMIIBHBIE CTPYKTYpBl Mes (ToueuHas rpymn-
na C,,) coBnamaroT aisi Bcex Tpex IB-meramnos. Bropoit
o ycToWyuBocTH mM3omep Mes Il sHepreTruecku orianya-
erca oT cTpykTypel Mes I Ha 30, 49 u 83 x/[x/Monb s
Cu, Ag 1 Au, COOTBETCTBEHHO.

JInst mecTHaTOMHBIX KJIACTEPOB ILUTIOCKAast CTPYKTYpa ¢
cuMMeTpuel Dj;, COOTBETCTBYET INIOOANTbHOMY MUHUMYMY
SHEpruy ISl BCEX TPeX MeTaioB. Bropoit o ycroiunso-
CTH U30Mep — neHTaroHanbHas nupamuaa Cs, TaKKe sIBIIs-
eTcs oMM a7st IB-MeTanios u SHepreTHYeCKr OTINYaeT-

i
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cs1 0T Dyj-cTpyKTypsl Ha 12, 22 u 79 xJ[x/Monb s Meau,
cepebpa U 30510Ta, COOTBETCTBEHHO. [Ipu n > 7 mng xma-
ctepoB Cu u Ag TpeXMepHBIE CTPYKTYPHI SBISIOTCA Ooiee
CTaOUIIBHBIMU, YeM IUIOCKHE, KOTOpbIE IOMUHUDPYIOT B
HHTepBaje pa3MepoB OT TpeX J0 mecTn aroMoB. Hauboree
ycToituuBele n3oMepsl Me; n Meg i Mean u cepedpa —
3TO INEHTaroHajbHas OurpaMuna (TodedHas rpymma Ds;)
u cTpykTypa ¢ cummerpuer T, (puc. 1). Cemu- n BochMH-
aTOMHBIE KJIAaCTephl 30J70Ta, OTBEYAIOIINE TIJI00AIBHOMY
MHHHMYMY, BCE €IIe COXPAHIIOT IUIOCcKylo ¢opmy. Co-
rinacHo [24], mIocKue CTPYKTYphl JOMHHUPYIOT Ui Kila-
CTEpOB 30JI0Ta KaK MUHUMYM 110 7 = 13; mepexox K Tpex-
MEPHBEIM CTPYKTypaM, BEPOSITHO, IIPOUCXOIUT B HHTEpBAJIE
pasmepoB oT 13 o 20 aromoB [25]. Cpeau MOJIy4eHHBIX
CTPYKTYp TOJIBKO TPH IUIOCKHX (OZHA Uil Agg W IBE IS
Aug) UMEIOT OCHOBHOE CIIMHOBOE COCTOSIHHE — TPHILIET,
9TO Ha CJUHUILY BBIIIE MHHIMAJIFHO BO3MOKHOTO.

Ha puc. 2 mpezacTtaBieHa 3aBHCHMOCTb 3HEPTHH BBIC-
el 3amoJHEHHON MOJIEKYJSIpHOM opOuTanu (a) U pasHH-
(bl SHEPTUil HU3LIEH CBOOOIHOM M BBHICIICH 3allOJHEHHOM
MOJIEKYJISIpDHBIX opOuTanell (6) oT ymcia aToMoB JuIsl ca-
MBIX YCTOHYMBBIX M30MepoB. B o0omx ciydasx 3aBUCH-
MOCTb HOCUT HEMOHOTOHHBIH XapakTep.

TepMonuHAMUYECKHE TTapaMeTPhI (AGgm, AHgiSS)

nporecca NOJHOM AXCCOnnaniy HaHOKIACTEPOB MEHSFOTCS
B piany: Au> Cu>>Ag—mman=2-6u Cu> Au>> Ag —
it n = 7-8 (cMm. Tabn. 2). Bkmax sHTpomuitHO# cocTaB-

mstromteit (7 ASgiSS’zgs) cBoOoHOM sHepruu ['mbbeca mpo-

necca (1) MHOro MeHbIe, YeM W3MEHEHHE OSHTAIIBIINM;
JIaHHBI MapaMeTp MPUMEPHO OJMHAKOB AJISL BCEX HCCIle-
JyeMBIX METalIOB ¥ MOHOTOHHO BO3PacTaeT C pa3MepoM
KJacTepa.

UroOBI MPOCIIEANTH, KaK MEHSIETCS YCTOHYUBOCTD Kia-
CTEPOB C YBEINYEHHEM HX pa3Mepa, MCCIeOBaHA 3aBUCH-
MOCTb PHEPIHMM XMMUYECKOW CBS3M B KJacTepe, MpUXOnd-

. 0
wieiicst Ha ofuH aToM, T. . AH j;. o /n, oT pasmepa HanGo-

nee ctabuimpHOTO Kiactepa. M3 puc. 3a cnemyer, 94To npu
YBEIMYEHHUH 71 CHJIA XMMHYECKOH CBS3M B KJIACTEpe BO3-
pactaeT. HanmeHee cTaOUIBHBIME CTPYKTYPaMH SIBIISTIOTCS
IUMep U TpUMep, Haubojee CTaOMIBHBIMH — OKTaMephl.
PacueTHple u  OKcmepUMeHTalbHbBle [26] 3HaYeHUs

AH 3[_“,0 /n IS MEIM COTJIACYIOTCS; KIIAacTephl cepedpa

HanMCHEC yCTOfI‘IPIBbI.

EiumeEnome 28

/4

\’/ —=—Cu
—a— g
it fii1
T T L T T T L] n
2 3 4 o G T i

Puc. 2. 3aBucHMOCTD HEPTUH BBICHICH 3alOIHEHHON MOIEKYISIPHOH opOHTamy (a) M pasHHIB! dHEPrHil Hu3mIeH CBOOOMHOH M BBICIIEH
3aII0THEHHOH MOJICKYIIIPHBIX opOuTaseii (0) OT YKciia aTOMOB IS CAMbIX CTAOMIIBHBIX KJIaCTEPOB
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Puc. 3. 3aBucumocts AHC. - /n (a) u cpenueii auHbI cBsizu Me-Me (6) OT urciia aTOMOB JUISl CAMBIX YCTOWYUBBIX KIIACTEPOB
diss,0

. 0 .
W3 cpasHenust 3HaueHuit AH ;. o/n ¢ sHTanbmmei

ucmapenus metamwios (304,6, 255,1 u 324,4 xJ[x/Monb st
Cu, Ag 1 Au, cOOTBETCTBEHHO [27]), KOTOpast paccMaTpu-
BaeTCs KakK SHEPIrHs CBA3M HA aTOM B KOMITAKTHOM MeTall-
Jie, MOXXHO 3aKJIIOYUTh, YTO B KJIacTepax ¢ n = § XUMHYe-
CKasl CBSI3b JOCTHIAeT TOJBKO IIOJIOBUHBI CBOEH CHIIBI OT-
HOCHTEIIFHO MaKCHMAJIbHO BO3MOYKHOM.

Cpennsa qmuHa cBasu Me-Me (R,,) B Hambonee yc-
ToitumBEIX, ipu 1 = 0 K, KIacTepax Bo3pacraer ¢ yBenude-
HUEeM dncia atoMmoB (puc. 30). Hambomee peskuii poct
JUTMHBI CBSI3M HaOdromaercs B psaay Me,-Me;-Mey, 3atem
U3MEHEHUs R, CTAHOBATCS MaJlO3aMETHBL. XapakTepHO,
YTO €CIM CPaBHMBATh KJIACTEPhl Pa3HBIX METAJUIOB, TO
cpenHss JiuHA cBA3M Me-Me Ul HHX COOTHOCHTCSI Tak
JKe, KaK ¥ MEeKAaTOMHOE PacCTOSHHE B KOMITAaKTHBIX MeTall-
nax: Cu<Ag= Au.

BbIBO/IbI

1. Knacrepsr I[B-MerammoB 00pa3ylOT HECKOJIBKO
M30MEpHBIX (OpM, KOJMYECTBO KOTOPBIX pacTeT Kak C
YBEJIMUCHHEM 4YHCJIa aTOMOB B KiacTepe, Tak U B pAAY:
Au > Ag > Cu. Haubosee ycTOHUMBBIE CTPYKTYpHI IIpU
n=2un=4-6 g Bcex UCCIEAYEMbIX METAJUIOB OJMHA-
KOBBI.

2. llpm yBenuueHuu pa3Mmepa HaHoOkiIactepoB IB-
METaJUIOB UX YCTOHYMBOCTH Bo3pacTaeT. Hanbomee crabas
XUMHYecKast CBSI3b XapaKTepHa AJIsI KIIacTepoB cepedpa.

3. 3naveHus Eyomo U Epymo HEMOHOTOHHO 3aBHCAT
OT 4YHCJIa aTOMOB B KJjlactepe Me,, 4To sIBIISETCS MPOsBIIE-
HHeM 3(ddekra pasmepHoro kBaHToBaHMsA. OIHAKO P
XapaKTEePUCTHK, MNPEXKAE BCEro TEPMOIMHAMHUYECKUX, C
BO3pAcTaHUEM /1 MEHAETCS MPAKTHYECKH MOHOTOHHO, KaK U
CpenHee MeKaTOMHOE PACCTOSHHE B KIIACTEPaX; MOCIeIHee
CTPEMUTCS K 3HAYCHUIO, XapaKTEpPHOMY JII KOMIAKTHOI'O
MeTaia.

4. Jluana3oH 3HAYEeHUH KoyieOaTEeNbHBIX YacTOT, IO-
Jy4eHHBIX ISl KIAacTEpOB MeIH, cepebpa M 30510Ta OTHO-
CHTEIIBHO XapaKTEePUCTHYECKOH YaCTOTHI COOTBETCTBYIO-

mero auMepa, paclmimpeH HNpeUMyHICCTBEHHO B 00J1acTh
MCHBIINX BOJIHOBBIX YHCEII.
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BIIATOJAAPHOCTU: MHccnenoBanue mMoaAEp>KaHO
rpanToM BopoHexckoro rocynusepcurera no IIporpamme
cTparermyeckoro pa3sutus, tema [ICP-MI/24-12.

INocrynuna B pegaxkuuto 15 mast 2013 r.

Doroshenko A.A., Nechayev L.V., Vvedenskiy A.V. STRUC-
TURE AND PROPERTIES OF Me, IB-METALS NANO-
CLUSTERS WITH n =2-8

Quantum-chemical modeling of Me, IB-metals clusters with
n = 2-8 was used to reveal the most stable isomeric forms. The
analysis of the structure and some properties (geometric, energetic
and electronic) was carried out. It was shown that the growth of
cluster size results in the growth of number of isomeric forms and
the share of 3D-structures among them. Ther IR-spectra of IB-
metal clusters at 7 = 298 K were calculated and revealed the
broadening of vibration frequencies band principally into the range
of small wave numbers.

Key words: metal nanoclusters; quantum-chemical modeling;
stable isomers.

NNPUMEHEHHME NOJIUAHUJINHA U ET'O METAJIJIOKOMIIO3UTOB
B DJIEKTPOKATAJIMTUYECKOM I'MJIPUPOBAHUA OPTAHUYECKUX COEIUHEHUM

© H.M. UBanoga, I'.K. TycynoexoBa, 51.A. BucypxanoBa, /I.C. I36acTeHoBa

Kniouesvie cnosa: JJICKTPOKATAJIUTUYCCKOEC TUAPUPOBAHUE, MOJUAHWIAH-MCTAIIMYECKUE KOMITO3UTHI; aI_ICTO(bCHOH;

Z[I/IMCTI/IH3TI/IHI/UIKap6PIHOJ'I.

IIpuBeneHs! pe3ynbTaThl NCCIIEAOBAaHHN BO3MOXKHOH KaTaIUTHIECKONH aKTHBHOCTH KOMIIO3UTOB HOJIMAHMIIMH/COJIb Me-
TaJla IpH HaHECEeHUH MX Ha IOBEPXHOCTh MEIHOT0 KaToJa B MPOIECCax IEeKTPOrUAPHPOBAHUS aleToheHOHa U AuMe-
TWIDTHHWIKApOHHOIA. 3aMEeTHBIH NIPOMOTHPYIOMHH 3¢ (eKT (110 CPaBHEHUIO € ITEKTPOXHUMHUYECKIM BOCCTAHOBICHHUEM)
ycTaHOBIIeH Il komrio3uToB nonuanmwianHa ¢ NiCl, (1:1), CuCl (1:2) u CuCl, (1:2) npu rugpupoBaHAU THUMETHIITH-
HUJIKapOUHOIA. DIEKTPOTHAPUPOBAHUE AlleTOQEHOHA OCYIIECTBIACTCS 6oJice HHTEHCHBHO U C BBICOKOH KOHBEpCHEH
npu npuMenernu Co-coneprkamero kommosuta (1:1). KatannTnyeckyro akTHBHOCTE B HCCIIEyeMBIX IIpoIieccax IIpo-

SIBUJI TAKXKE 'MAPOXJIOPpU ] INOJTHaHUIINHA.

BBEJAEHHNE

B nocnennue aBaaunath JeT NpOBOASTCS MHTEHCHUBHBIE
HCCIICIOBaHUS TI0 MPUMEHEHHIO MOJHMep-METaJUTHYeCKUX
KOMITO3UTOB B Ka4eCTBE KaTallM3aTOPOB B KATATUTHYECKUX
M DIIEKTPOKATAIUTHYECKAX cHucTeMaX. Ocoboe BHUMaHHE
yaenseTcs HAaHOKOMIIO3UTaM Ha OCHOBE IIOJNMAHMIIMHA
Omaronmapsi €ro JIETKOMY CHHTE3Y, BBICOKOH JIIEKTpPOIPO-
BOJHOCTH, CTAOWJIBHOCTH K OKPYXXAIOUIMM YCIOBHSM H
JIPYTMM TIPUBIIEKATENBHBIM (DM3MKO-XUMHUYECKHM CBOMCT-
BaM [1]. B anekrpoxumuyeckux mporeccax ¢ MOMOILBIO
HaHEeCeHHMs! MOJMaHaIMHA Ha JIEKTPOJ C JalbHeiel nMm-
MOOHMIM3aUMe B HEro YacTHIl MEeTajlula OCYLIECTBIAETCS
MOAMGHKAIMS DIIEKTPOJA, IMO3BOJIIONIAas WHTEHCHU(DUIIH-
poBath eKTpoaHbIe peakiuu. C mpUMeHEeHHEeM TIOJIHaHH-
JIMH-METAJUINYECKAX DJICKTPOAHBIX HMOKPHITHH OBUIM U3Y-
YEHBI HJIEKTPOKATAIMTHYECKUE PEAKIMN OKHCICHUS MeTa-
HoJa [2—6], MypaBbHHOM KUCIOTHI [3, 5, 7], ruApOXHHOHA
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[8], rumpazuna [9] U HEKOTOPBIX APYIMX OPTaHUUECKHUX
coeMHeHUH. PeakiuaM 3JeKTpOBOCCTAHOBICHUS HA DIIEK-
Tpoiax, MOJU(UINPOBAHHBIX IOJMAHWINH-METaJUTHYe-
CKHMHU TMOKPBITUSAMHU, NTOCBSILEHO CPABHUTENBHO MEHBIIIEE
KOJINYECTBO MCCIIEJOBAHUHN, MCKIIOYEHUE COCTaBISAET
3JIEKTpOBOCCTaHOBIeHUE Kuciopoa [10—12]. [Tonpobroe
0o0Cy)KICHHE OJTHX H JPYTHX DJICKTPOKATAIUTHICCKUX
MPOIECCOB Ha MOAUGMDUIUPOBAHHBIX IMOJMMepaMu (M B
YACTHOCTH, IOJUAHUINHOM) 3JEKTPOJaX IPHUBEICHO B
0630pe [13].

D} HEeKTHBHOCTH MPOIECCOB INEKTPOKATATUTHUECKOTO
TUAPUPOBAHUS OPTaHUYECKUX COCTUHEHHH C pa3IMYHBIMU
(YHKIMOHATBHBIME TPYINAMH C MPUMEHEHHEM JUIS aKTH-
Ballid KaToOJa CKEJICTHBIX MeTaiutoB-katanm3aTopoB (Fe,
Co, Ni, Cu, Zn), a TakxKe dIEKTPOIUTUICCKOTO MOPOIIKA
Mequ OblIa MOATBEP)KIEeHa MHOTOJICTHUMH HCCIIEIOBAHHS-
Mu [14-22]. Ienpto naHHOW PabOTHI SBUJIOCH H3YYCHHE
BO3MOXKHOCTH MPOSIBICHUS KAaTAIUTUYECKOM aKTHBHOCTH



