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KsanroBo-xemiuanm metomom ZINDO /1 BukoHaHO po3paXyHKM MOTEHITIAIBHAX €HEPIiii BOIHIO,
asotry Ta rizpokcorpynm OH™ Ha moBepxHi mepeximanx Merasais. OTpUMaHO 3a1e3KHOCTI amiabarTud-
HUX TOTEHIHAIIB BlO BiImaJl 10 MOBEPXHI Ta po3MilleHHd amacopbary. BusdueHo mporecn amcopbii
Ta AUCOMIAIN] TaKMX MOJIEKYJI 3aJIe3KHO Bif CTPYKTYPH ITOBepxXHI MeTasay. Po3paxoBaHo 3apdom Ha

aToMax ajcopbaTy 1 BJacHHX aToMaX IMOBEPXHI.
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I. BCTVII

fABumia, 1o B1AOGYBAOTHCA Ha MOBEPXHI METAJIB, TacTO
€ BU3HAYAJIBHUME JJId TPOMEUCTOBUX mporeciB. [Ipoxo-
KeHHA amcopdbinil i peakifii Ha MOBEpPXHI CYTTERO 3a-
JIEXKUTH Bl cTpyKTypu nosepxHi [1-8]. Baxsusy poib
IpH HOMY Bimirpae 6yaoBa eIeKTPOHHUX 0OOJIOHOK 0~
BEPXHEBUX ATOMIB 1 0CODJINBO IXHE JIOKAJIbHE OTOYEHHS.
MoKAUBEM € IlJIecIpAMOBaHe KepyBaHHA aacopOIii-
HUME BJIACTHBOCTAME MTOBEPXHI CTBOPEHHAM CITEMIATb-
uux cmnasis [9-11]. Tak, y mpami [10] nokasana Mox-
JIMBICTH 3HAYHOTO MIIBUINEHHS aacopbIlll BOOHIO 3aMi-
uoto noeepxti Pd cmmasom CuzPd. Temep 30BciM HOBUM
€ BUKODHUCTAHHA IJIIBOK 3 MEPEXITHIX MEeTAJIIB, MOKPH-
TUX YJIBTPATOHKKUM LIapoM iumoro merasy [12, 13]. Hosi
BJIACTHBOCTI MOBEPXHI OTPUMAaH] OCAZKEHHAM METAJIY 3
napu Ha O4MINEeHY IoBepxHIO okcuaiB [14]. ¥V 3B’asky
31 CKa3aHUM BHHHKAaE MoTpeda AeTabHINIOTO BHBYEHH
MEXAHI3MIB TOBEPXHEBUX SABUIIL.

fAx mpaBWJIO, MOTEHIIAJIBHY eHepPriio aacopboBaHUX
YaCTUHOK CJIJ BU3HAYATH 3 MEPIIONPUHITUITHAX PO3-
paxyHKIB IOBHOI eHepril, xoda 1 “ab 1nitio” pospa-
XYHKH MICTATh pAl HabJIuKeHb. 30KpeMa, HE BPaxo-
BYIOTh TOYHO €JEKTPOHHUX OOMIHHUX i KopesdmiiHmx
edeKTIiB y 0OIMC/IEHHAX TOBHOI eHeprii B MeToml pyHKITI-
oHaJIa TYCTUHHU, AKUI HalidacTiiie 3acTOCOBYEThCA. Bu-
61p Oasmcy y KBAaHTOBO-XEMITHHX METOAAaX TaKOK BILIN-
Bae Ha Pe3yJIbTATH PO3pPaxXyHKy. Bukopucranna Besim-
Kux 0a3mciB BUMAarae Cy TTEBUX 3aTPaT MAIIMHHOTO Yacy .
Tomy moBepxHA TOTEHINAABHOI €HEPI'1l YaCTO MOIETIOE-
Thea [6, 10]. 3okpema B mpamni [10] maa crrasy CugPd
aromu Pd MomemooThcsa aHIZOTPOIHUME TPOTAKHUMHI
eMIICOITaILHIMHI AMaMu 3 6ap’epoM, 3aJIEXKHIM Bl Opi-
enrami d,2-dyukmii, Cu — isorponanmu amamu. ag
mpoltecy aacopbInli AyxKe BazKJIMBOIO € OpIEHTAIlld II0-
BepxHeBUX 3B #3KIB. llelt mapamerp cmiabHO 3a70€XKUTH
Bl THIYy KpHCTAJIIHOL CTPYKTYypH. fK Bimomo, dact-
KOBO 3alloBHEHI d-opbiTasl MaloTh HEBEJIUKHII Ky T 1OA0
HOpMaJIl IO TIOBEPXHI MeTaJIy, BOHU € BUTLIHIIIAMIE IJTI5T
mportecy amcopbini, 60 B3a€Momid aTOMIB UM MOJIEKYJT

3 HAXUJIEHUME 3B 43KaMU BUMAra€ JOCTATHBOTO HabJIU-
JKeHHA 710 MoBepXHi. Po3paxyHKN MOTEHIIAIBLHOI eHepTil
MOJIEKYJIM BOIHIO Ha MOBEPXHI METAJIB MOKA3aJH, o
JUCOMIATHBHA aIcopOIlid BOOHIO MOXKE MaTH TOTEHIT-
JbHEIR G6ap’ep: Ha moBepxHi Mimi Hz/Cu (100) Bin Je-
&KuTh y Mexax Big 0.15 eB (mus. [15]) mo 0.6 eB [16-19]
3aJIEKHO BiJl HAPAMY MEPEMIEHHA MOJIEKYJTH BOIHIO,
g cpibna Ha/Ag (001) Binnosinuuit 6ap’ep MinAeTbCH
B Mexax 1.10-1.63 eB [20]. Ia MoJieKyu a3oTy IUCO-
MIATHBHANE 6ap’ep cyTTEBO OLALINMIA, 1 30KpeMa Ha Io-
BepxHi Miml Na/Cu (111) cranoputs ~ 5 eB [21]. Tna
MepexiTHIX MeTaJIiB bap’ep IJd AUCOMIATHBHOI aacopb-
mii BogHio cyTreBo Menumi, a gua Pd (001), Rh (001)
BiH 30BciM BimcyTHill [22-24], mo BKasye Ha BHCOKY
XeMIYHY aKTHUBHICTH MEPEXITHUX METaJiB MOPIBHAHO 3
6aaropomauMu. PesyabraT eKcnepuMeHTaIbHIX JOCTi-
KeHb YKa3yIOTh Ha 3HAYHY BIAMIHHICTH B3a€MOIIH MO-
JIEKYJI I OKpEMUX aTOMIB 3 OBEPXHEI0 MeTAJIIB. 30KpeMa
HOTIK aToMapHOTO KHCHI0 Ha moBepxHio Rh (111) mae
CYTTEBE 3pOCTAHHA AACOPOIN MOPIBHAHO 3 MOJEKYJIAP-

M O2 [25].

MikpockoniuHa Ipupoia 6araTbox HOBEPXHEBUX sABHII
Ha CHOTOIHI BHUBUEHa Ie HEHOCTAaTHLO. € moTpeba me-
TaJILHIIIOTO JOCJILIZKEeHH aIld0aTHYHNX OTEHITIAJIB AK
OKpEeMUX aTOMIB, TaK 1 MOJIEKYJI aAcopbOBaHUX Ha II0-
BepxXHI Tepexiguumx MeTasaiB. He BupueHo AK cjim mme-
PEPOBIOMIT eeKTPOHHOL TYCTHHN B CHCTEMI yV TpOIeci
agcopOIril aToMIB 1 MOJIEKYJI, 1X IHCOIIAIN Ha MOBEpPXHI
MeTaJLy Ta MOXKJIUBI HPOXOIKEHHS MOLAJIbIIAX PEAKIIIH.
Y uiit pofori kBaHTOBO-XeMiuHuM Merogom ZINDO/1
BUKOHAHO PO3PaxyHKM MOTEHIIAALHUX €Hepriii BOIHIO,
azory Tta rigpokcorpynu OH™ na moBepxHl masamiio,
Midl, 3asi3a Ta Hikeao. OTpUMaHO 3aJIeKHOCTI alid-
OATHUIHNX TOTEHINATIB Ta 3apadlB agcopboBaHUX Tac-
THUHOK B BIAZAJIl IO MOBEPXHI Ta PO3MINIEHHA aJCOp-
bary. BuBdeno mpotiecn amgcopdbiiil Ta OHCOMIAII TaKUX
MOJIEKYJT 3aJIeZKHO Bl JIOKaJIl3allll 9acTHHOK Ha TOBEP-
xHI MeTaJy. Ha miacTaBl oTpuMaHUX pe3yabTaTiB o6ro-

BOPEHO MOKJIHBOCTI I HEAOJIKHN BUKOPUCTAHOTO Ta Ha-
ABHUX KBAHTOBO-XEMIYHUX MeTO,HiB.
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II. AISIBATHYHI ITIOTEHIIAJIN ATOMIB
BOOHIO TA A30TY HA IIOBEPXHI
IIEPEXIOHHWUX METAJIIB

IIpoBeneno mocaiIKeHHA amlabaTHIHUX MOTEHITIATIB
aTOMIB BOOHIO Ta a30Ty Ha MTOBEPXHI TEPEXITHUX Me-
tasiB. Posrnanyro mosepxui Pd (001), Cu (001), Fe
(001). MMamamiii i Migb MalOTh IPAHENEHTPOBAHY KyOiTHY
rpatky 3 noctifinoro rparkn a(Pd)= 3.8824 A, a(Cu)=
3.6074 A. Basiso Mae 06’ eMOIIEHTPOBAHY KyGidHY IPATKY
3 mocrTifttoro rparku a(Fe)= 2.866 A.

[ToBepxHIO Ta MPUITOBEPXHEBY MIIAHKH KPUCTAIA MO-
JEJTIOBAJIA KJIacTEPOM CKIHYEHHX PO3MIPIB IBOX THIIIB.
Ha mepmomy ertarm 6paanm KaacTepH, IO MICTATH JIHIIE
TOBEPXHEBl aTOMH, Ha APYyroMy — Takl, 10 MICTATH
JIBa BEPXHI mapm aTomiB Mertanay. OcTaHHl peaJibHIIIE
ONMUCYIOTH MOBEPXHIO MeTaJsy. PospaxyHKH TPOBEIEHO

KBaHTOBO-xeMiunuM Meronom ZINDO/1, y akomy, 30-
KpeMa, BpaxoBaHO eJEKTPOHHY KOPeJdIio Ha aTomi. O1-
PEMAHO 3aJIeKHOCT] amldbaTHIHIX TOTEHINAIB aTOMIB
BOIOHIO Ta a30Ty BII BIAZaJI O MOBEPXHI MeTaJdy IpH
BpaxyBaHHI B3a€MoIll aTOMIB agcopbaTy 3 IBOMa BEpX-
HIME 1mapamMu MeTaday. PesyabraTu pospaxyHKy IJid afl-
copbIMll BOAHIO Ta a30Ty Ha MOBEPXHI HaIalio HaBEIeHO
Ha puc. 1. PosrigauyTo nepeminienna aToMiB agcopbary B
HaAPAMKY, TEPIEHINKYIAPHOMY IO TOBEPXHI B TOYKAX
1, 2, 3, yKa3aHWX HA PUCYHKY.

Ha pucynky HapBemeHl 0ZHOBUMIPHI 300parKeHH alld-
OATHIHAX TOTEHIITIB. /I KOKHOTO 3 MOJaHuX ILIAXIB
mepeMIIeHHa aToMa aacopbaTy OTpUMaH] MIHIMYMH TI0-
TEHINIATY, TpoTe abCOMIOTHIHE MIHIMYM agigabaTHIHOTO
MOTEHINIATY BIANOBIIAE MIHIMYyMY Ha KPHUBUX 3, AKWU 1
BU3HAYa€ TOUKY JIOKaJl3allll aToMa agcopbary, pelira €
CIIJIOBIMH TOYKAMU.
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Puc. 1. BasexHicTs amiabaTHIHOIO IOTEHIIANY aTOMIB BONHIO Ta a30Ty Ha moBepxai Pd(001) Bim Bimmani mo nosepxi
Ta WIAXY HepeMillleHH: aToMiB. YDaXOBaHO B3a€MOJII0 aToMa BOIHIO 3 aTOMaMM ABOX BEPXHIX IIapiB Meraiy (aToMu Opy-
roro mWapy IO3HadYeHl Ha PUCYHKY MeHUIMME Kpyxkedkamu). Toukw 1, 2, 3 Binmosimarore HampsAMKaM HepeMilleHHS aTOMIB

aacopbary.

fx BUIIIMBa€E 3 OOCIIMKEHD, IPH TPOMIKHIX BIICTa-

HAX aTOMIB BOIHIO ¥ a30Ty BII MOBEPXHI MEPEXITHOTO
MeTaJly aTOMOBI agcopbaTy BUIIIHO 3HAXOLUTUC IPAMO
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Has HoBepxHeBHM artomoMm Metany (Pd) (xpusi 1 Ha
puc. 1), mra BogHio 1e Bimctani R > 1.6 A, nna asory
— R > 2 A. Tlpu menmux Bigcranax 0.9 A < R< 1.6 A
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o1 Bomao 1 0.8 A < R< 2 A noa a30Ty aTOMH aJCcop-
6aTy mepeMilaloThca Ha MPOMIKOK MK HalbJIMKInMI
cyciguimu aromamu Metany (Pd) (kpusi 2 Ha puc. 1).

Ina siacTanedi Big moBepxHl MeTaay R < 0.9 A noa
atomie BomHio i B < 0.8 A mna aromis a30Ty aToMaM
amcopbaTy eHepreTHIHO HAlBUTIAHINIE 3HAXOIUTUCEH HAJT
MPOMIZKKOM MIK YOTHPMa MOBEPXHEBUMH aTOMAaMU Me-
tasy (KpuBi 3 Ha puc. 1), mocArarodn TOBEPXHI MeTaJTy
(R=0 A), Jle CITOCTEPITAETHCA aDCOTIOTHHUNE MIHIMYM
eHeprii cucrtemu agcopbar—amcopbent. OUeBUIHO, TYT 1
OyIyTh MICIA JIOKaJIl3allll aToMIB agcopbaty.

[Tomi6mHi pesyabTaTh oTpUMAaH] IIs aTOMIB BOIHIO Ta
a30Ty Ha TOBEPXHI IHIIUX METaJIB. 30KpeMa IJId aToMa
BOIHIO Ha TMOBEPXHI MIl TAKOXK €HePIreTUIHO BUTLIHO TIe-
peGyBarnu Ha camiii moBepxHi (R = 0 A) y TPOMIZKKY MiXkK
JOTHPMa MOBEPXHEBUMH aTOMaMH MIiJl, IO BLAIOBIIAE
JokaJsizami Hanpotu atoma Cu B HACTYITHOMY Iapi.
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Puc. 2. BanexHicTh 3apdny aToMiB BOIHIO Ha TMOBEPXHI
Pd (001) Bin Bimmani no moBepxHi MeTasly Ta HUIAXY ILepe-
MillleHHs agcopbaTy. ¥YpaxoBaHO B3a€MOMII0 aTOMa BOIHIO 3
aTOMaMU JIBOX BEPXHIX IapiB MeTaJly, aTOMU JIPYTOro Iapy
Mo3HavYeHl Ha MAJIIOHKY MEHIIUMU Kpyxkedkamu. Toukwn 1, 2,
3 BIAIIOBIIAIOTH HAIIPAMKAaM IEpPEMIIIEHHsT aTOMIB agcopbary.

Ha puc. 2 mokasamno oTpuMaHy 3MIHY 3apsaay Ha aTo-
Max agcopbaTy 3aJekHO Bl 1XHBOI Blomasi i moJio-
JKeHHA W00 aTOMIB Ha MTOBEPXHI METAJIY.

s aToMa BOOHIO CIIOCTEPITAEMO MaKCHMaJbHe 3Ha-
yennd 3apany (~ +0.200 e) npw BigcTaHAX Big mOBEp-
XH] maJamimo R ~ 2 A, OIHAKOBE IIJId BCIX IOJIOXKEHDb
BOIHIO IMIOAO aTOMIB MeTaay. B Mo/IoKeHHAX MIHIMyMY
amigabaTHIHOTO MOTEHINIANY 3apal Ha BOAHI OJM3bKHN 10
MaKCUMaJIbHOIO 1 cTaHoBUTL ~ +0.170 e (I[I/IB. puc. 2).
Ha mogepxni Fe (001) B mostoxenHi MiHiMyMy amiada-
TUYIHOTO TOTEHIIATY BOAEHL MPAKTHIHO HEHTpabHIA,
qu ~ 0.04 e. IIna asory N/Pd(001) orpumarno, mo B
ToUINl JoKadl3aIlll aToMa agcopbaTy 3apam Habmpae mpo-
MDKHOTO 3HadeHHd ~ +0.440 e.

III. JOCJILAKEHHS ITPOIIECY AICOPBIIIT
MOJIEKYJI H, I N, HA HIOBEPXHI METAJIY

Bomenb € HallpoCTilio XeMOCOPOHO OIUHUIEH,
10 JO3BOJIAE Ha MOIEl “BOIEHDL Ha MOBEPXHI MeTasy”

TECTyBaTH METOOM ODYMCJIEHHs MMOTEHIIAIIB aToMa aj-
copbary 611 MOBEpXHI aAcOpOEHTY 1 3HAXOMAUTH OIITH-
MaJIbHI MICIIA JoKaJai3alli agcopboBaHnX dacTHHOK. n-
comaTnBHa amcopbiia Mosiekya Hs, Ny Moke OyTH 3a-
CTOCOBaHa 4K MOJIeJIbHa CHCTeMa IIJId BABUYCHHA ITHHA-
MIKHI IHCOIIATHBHOI aacopbiInl # acomaTuBHOL Aecopbirii
MaJILX MOJIEKYJI.

Y 1mboMy po3ALIl JOCTIIKEHO TOBEIIHKY MotekyJT Ho,
N, na nmosepxui Pd (001). Orpumano saJeKHICTH MizKa-
TOMHOI BiCcTaHl dy_y y MOJIEKYJl BOTHIO Bl BlACTaHI
ImeHTpa Mac MoJexkyan Ho mo moBepxHi Merasy. ¥ Bi-
JbHOMY cTaHl MoJseKyan Ho, Kosm BiacTaHb BII IEH-
Tpa Mac Hs Ho mHOBepXHI MeTajy BeJUKa, MK aTo-
MaMH§ B MOJIEKYJIl BCTAHOBJIIOETHCs PIBHOBaYKHA BLIIA b
dg_g = 0.75 A. IIpu Bigcranax 7 > 1.8 A Big oBEP-
xHl MeTasy Hs OpleHTYeTbCdA BICCIO IEPIEHIUKYJIAPHO
JI0 TJTOMIMHH TOBEPXHI, a BIACTaHb MIXK aToMaMu dij_ He
3MIHIOETBCS; TIPH MOAAJABITIOMY HabJIMKEHH] 10 MOBEPXHI
namamio 7 < 1.8 A mixaromua BigcTanb 3pocTae (IuB.
prc. 3), a MOJIEKYJIi BOAHIO BUTIIHO PO3MIIILYBATHCA TIa-
paJiesibHO o moBepxHi. IIpu 3MiHl Bigga/Il 10 MOBEPXHI
Z y Mmexax Big 1,4 A 10 0.6 A noexuna 3B’ a3ky H-H
spocTae Big 0.9 Ano36 A, TOOTO AUCOIMIATIA MOJIEKYJTH
BOIHIO BIAOYBAETHCA B JOCTATHBO BY3BKOMY IIATA30HI
amian Bigmas 2. leit pesyabTar mpakTHaHO 361racThed
3 JAHUMU, dKi OTpuMaJn iHui asropu [22, 23, 24]. Taxk,
y [24] nokazano, mo dy_p y Mosiekysai Hy 3HauHO 36116
IIYEThCA Ha BIIAaAgaX OJm3bko 7 < 1.4 A
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Puc. 3. Basexnicrs Mixaromuol BigcTaHi d y MoJIeKyJiax
BOOHIO 1 a30Ty Bij BiACTaH] IEHTPa MaC MOJIEKYJIU A0 TIOBEp-
xui Pd (001). BpaxoByerbcss B3aeMomisi MOJIEKYJIH BOIHIO 1
asoTy 3 aBoMa Hallb/mKauMu UapaMmu MeTasLy (aToMu Apy-
roro Wapy Ho3HaveHl Ha MaJsIOHKY KOJIaMH7).
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[Tomi6mHi pesyabTaTi OCTIIKEHHA THCOMIATHBHOL al-
copbrii No va Pd (001) naBeneni va puc. 3. Y npami [21]
OTPHMAHO, 10 aKTHUBHUII Ipolec AMCOLIAIl MOJIEKYJIH
30Ty Ha MOBEPXHAX Ru (001) i Cu (001) MPOXOIUTE Y
e BYKYOMY Aidnas3oHi 3Minu Biggamni Z, uix mid No/Pd
(001), mo posriAmaeMo B Haumii po6OT1.

fAx BumHO 3 puc. 4, cocTepiracThca JOKAJLHIIE MIHI-
MyM Ha KpHBiit agcopbiii Mostekyam Bogrio (MiriMy™ 1).
Touka mepeTHHY 2 mae TMO3UINIO TUCOIMIAIIL MOJIEKY M.
Hamam atoMn mepeMilaloThcad B MICIA JIOKaJIi3alil 1
TaM aacopbyorbea (4 —0.2 A) (apyruii minimywm).
3 OTpPUMAHOTO aIiabaTHIHOTO MOTEeHT ATy MoseKkyan Hy
Ha noBepxHi Pd (001) BunHO, 1o mpolec ANCONiATHBHOL
amcopbItil MoJIEKYJIH BOOHIO Ha MOBEPXHI MaJIaIiio BLAOY-
Ba€ThbcA H6e3 MOTEHITIATBHOTO bap’epa, MO Y3ToIKYEThC
3 BlaoMuMu JiTeparypuuMu ganumu [22; 23, 24]. Anasio-
FiYH] pe3yJIbTaT OTPUMAH] A4 MoJieKyau a3ory No /Pd

(001).
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Puc. 4. Tlorenmsanbul emeprii mosekyam Ha, a Takox oOK-
peMux aroMis BomHio Ha mosepxui Pd (001). Ha xpusiii mo-
TEHIATBHOI eHepril MOJIEKYJIN AOBXUHA 3B A3KY MIHAETHC
3riIHO PUCYHKY 3. 1 — JIOKaJbHUI MIHIMYyM; 2 — ITO3HILA
aucomdrni Mostekysu Ha.

Ha puc. b nokasano oTpuMany 3a/1€KHICTD aIla0aTHY-
HOTO MOTeHIiAny cTpyktypu H-H, poswmiinenol mapaJie-
JbHO 10 noepxai Pd (001) Ha Bigcrani 7 = 0.9 A Bin el
IpH PI3HUX BIIACTAHAX MIK aTOMaMHI BOIHIO, BII KyTa I0-
BopoTy ocu 383Ky H-H, HaBemenoro Ha pucyHky (Bid-
Jasb dip_g MojaHa Ha HOTEHIIANBHIX KPUBHX ).

Ak BUIIMBae 3 OOC/IKEHDb, MIHIMYMHI JaHUX amlsd-
6ATUIHUX MOTEHIIATIB OTPUMYIOTH, KON KOXKEH 3 aTo-
miB H ctpyxTypr H-H sokasisyeTbes MK 90THPpMa aTo-
MaM¥ BepxHBoro mapy mosepxai Pd (001).

Orpumana eHepria amcopOdIlli € OOCHTH BEJIHKOO, 1
30KpeMa JIJisl MOJIEKYJIN BOOHIO Ha moBepxHi Pd (001)
cTaHOBUTHL 12.48 eB, BiAmoBigHO Ha OAWMH aTOM BOIHIO
Eq.(H) = 6.2 eB. Eneprii amcopbrii BogHio {i asoTy Ha
MTOBEPXHI MEPEXITHNX METaJlB, dK1 OTPUMAJIN IHII aB-
Topu, cyrTeBo Menui. Tak, y npai [2] sHauenns eneprii
ancopbuii Hy/Fe (110) jexuth y Mexax Mix 15 o2t
25 BE&R (.6 == i 1.1 S=—), mpoTe me TpH TMOKPHTTI
BomHeMm © = 0.5. Mu posriggaan 3agady MIpo OONH aTOM

91 OIHY MOJIEKYJTY Ha TOBEPXHI, &, AK BIAOMO, TIPH 3POC-
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TaHHI TOKPUTTA MOBEPXHI agcopbaToM eHepris aacopOiri
3MEHIIYEThCH, MTpoTe Tiel edeKT He HACTIIBKY 3HATHUI,
mob JaTH TMOACHEHHs 3aBHIIEHUM eHepriaM ajacopOil,
OTPUMAHUM Y it pobori. CyTTeBo 3aJIEKUTh eHepris al-
copbrii 1 Biji TOYKH JIOKaJIi3alii ajcopbary: 9 Ha aToM
HoBepxHi (top-site), 4n B IPOMIKOK MiZK JBOMa aTOMaMn
(bridge-site), ¥m B IPOMIZKOK MiX 90THPMa aTOMaMH MO~
BepxHi (hollow-site). AGconrorHuit MiHIMYM 3BHYaiHO €
B hollow-site. Tna No/Fe (111) B mpami [2] orpumana
enepria azcopbuii mopismioe ~ 505581 (~ 2.2 eB). Y po-
Gorax [26-28] HaBemeHO CyTTEBO GLIbIIE SHAUEHHA €HED-
rii agcop6mii N/Ru (0001), ske cranoButs ~ 5.7 eB.
VY mparmi [6] eneprii agcopbuii H/Cu (111) mopisHO0OTE:
Eq(top — site) ~ 1.8, Ey(hollow — site) ~ 2.4 eB.
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Puc. 5. 3amexHicTb amisabaTWYHOrO MOTEHINANY CTPYK-
rypu H-H, posmiuienoi napanensto mo nosepxui Pd (001)
Ha Bincrami Z = 0.9 A Bin mei OpH PI3HUX BIICTAHAX MIXK
aToOMaMM BOIHIO, BiJ KyTa moBopory ocu 3B a3Ky H-H, Hase-
JIEHOTO Ha PUCYHKY (Binmasas dp_p HOdaHa Ha [OTEHIATIb-
HUX KPUBHX).

Y mamnii poboTi pospaxyHKM MPOBEMEH] 3 BHKOPUC-
TaHHAM makeTa nporpam HyperChem 5.1, sokpema —
metony ZINDO/1. Mu npoBesiu TecTyBaHHA KBaHTOBO-
xeMigHEX MeTomiB 3 makera HyperChem 5.1 mpu pos-
paxynky Maanx Moekysa (Ha, No, O, H,O i1, 1.). 3a
pe3yabTaTaMi TECTYBAHHA MOXKHA CTBEPIZKYBATH, IO 1Tl
METOMN BIIIaTOMKEH] IJId OMTUMI3alll TeoMeTpll JOCTi-
JZKYBaHUX O0’€KTIB. ¥ PE3YyJIBTATI OMTUMIBAI] OTPIMY-
€MO CTPYKTYPH, 33I0BLILHO OJN3LK1 HO THX, AK1 CITOCTe-
piraeMo ekcrepuMeHTaJbHO. Bognodac abcosmoTHl 3HA-
YeHHdA eHepreTMqHMx XapaKTePUCTHK (MOBHA eHeprid,
eHepridg 3B’4A3Ky 1 T. JI.) CYTTEBO BIAPISHAIOTHCA Bil Me-
TOAY IO METOLY 1 Bill eKCHEPUMEHTAJbHUX Janux. Mun
MPOBEJIN AHAJOTIYHE TECTYBaHHA 1 JJIid HOBIIIOI Bepcil
makera nporpam HyperChem 6.1. Bucxoku 3pobiero
mombHl. ToMmy ciiim myMaTn, Mo AKICHI KapTHHI ILAAXY
MPOXOIKEHHA aacopbary i posmilieHHda amcopboBaHUX
YaCTHHOK OTPUMAHO MPABUIBHO, TOMOl AK JJId OMep-
JKaHHA 3aJ0BLIBHUX aOCOMOTHUX 3HAYEHb €HEPIeTHd-
HUX XapaKTEePHCTUK, 30KpeMa eHepTil aacopoIil, CaiT 3a-
CTOCOBYBATH JOCKOHAJIIII METOIH, 30ciOHa OCTaHHI BEp-
cii MeTony dbyHKIiOHA A TyCTHHA (IUB., HATPUKIAI, [17,

24]).



MOCJIIZKEHHS AZICOPBIII BOIHIO, ABOTY TA TTIPOKCOTPYIIN OH~. ..

IV. JOCJLIKEHHS IPOIIECY AICOPBIIIT
T'IIPOKCOTPYIIN OH- HA IOBEPXHI
3AJII3A TA HIKEJIIO

Hocmimxero amigbaTuTHl MOTEHITIAIN, a TAKOK TOBE-
miaky rpynu OH™ npu nHabmmkenni go mosepxHi Fe (001)
(puc.6).3a 7 =0 A B3sTO IIOUIMHY APYTOTO MAPY aTo-
MIB MeTasy. AHAJOTIUHI JOCJIIKEHH MPOBEICHO IJIs

OH~ /Ni(001).
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Puc. 6. Banexuicrs amisibaruyanoro norenmgany rpym OH
BII BignaJii 10 moBepxHl Merasy. [Ipu Habmmkens rpyrm OH
0 TIOBEPXHI B TIOJIOKEHH] 1, AKe BKa3aHe Ha PUCYHKY, OTPHU-
MYy€EMO KpUBY 1, y TOJIOXKeHHI 2 — KpuBy 2.

[lopiBHAHHA OTPUMAaHHX MOTEHINAJILHUX €Hepriii Ha
MOBEPXHAX 3aJi3a # HIKEJIO Ja€ pesysabTaT MIOI0 Opi-
enranii rpymu OH: npu sigcranax Z > 4.4 A OH su-
TIIHO PYXaTHCd aTOMOM BOMIHIO 10 MOBEPXHI COPOEHTY,
npu Z < 4.4 A rpyna OH opieHTyeThCH aTOMOM KHCHIO
1o noeepxHl. ['pyna OH siokamnisyeTbed npu MbOMY B 1MO-
JIOXKEHH], posralioBaHoMy Hamporn atoma Fe (Ni) Hmxk-
uboro mapy. Taxky noeeminky OH cnoctepiraemo ma mo-
BEPXHAMHE 000X MEPEXITHIX MeTaJIlB.

ikaBoro e 3mina exekTpuaaoro 3apany OH npu smiml
HaAMoOBepXHeBOI Bigmasi (puc. 7). Ha Bigcranax 7 > 6 A
(7 BigpaxoByeThbesa no kuchio Tpynn OH) sapan OH no-
piBaioe —1.0 e. ¥ TodUml MIHIMYyMY amiabdaTHIHOTO MO-
TeHImAny 4 = 2.3 A (Bimcrans kucuio rpymn OH Big
moBepxHl gopisuioe 0.87 A) nna agcopbmil rpynu OH ma
nosepxHi Fe(001) sapang OH ~ 40.24 e. BinnosinHo mo-
BepxHdA HabyBa€ 3apsany Bl eMHoOro 3Haka. Jlumonbuuii
MOMEHT CHCTEME afcopbaT—agcopOeHT OpIEHTYEThCA B
HAMpPAMKY B moBepxHi. [Ipu MboMy IUTOIBHWNE MOMEHT
rpymu OH nopisaioe: qia mosepxai Fe(001) — 1.46 D,
g mosepxai Ni(001) — 1.61 D.

SMIHY TOTEHINAJIBHOL EHEPI'il 3 POCTOM KYTa MiXK BICCIO
rpymn OH 1 moBepxHero 3amdiza 300pakeHO Ha puc. 8
(rpyna OH ysara B mosoxenui 0.7 A Big mosepxHi,
OIM3BKOMY 10 TOYKH MIHIMYMY aaldbaTHIHOTO TOTEHITI-
ay). fAx sugao, OH opieHTyeThCs Bicco GIH3BKO HOP-
MaJIl 10 TOBEPXHI IEPEX1THOTO MeTa Iy . AHAJTOTIIHIN pe-
3yJAbTAT OTPUMAHO JJs MOBEPXHI HIKEJIO.
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Puc. 7. Basexnicts sapany OH Gina nosepxai Fe (001) i
Ni (001) Bin Binmasi mo nmoBepxHi MeTasy. BpaxoBaHo B3ae-
momito rpym OH 3 aroMamMu IBoX BepXHIX IMapiB MeTasy.
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Puc. 8. Banexnicrs amisibaTruarnoro noreHmany rpymu OH
Bim KyTa Mix Biccto rpymum OH i1 moBepxuero 3amiza. Kpusiit
2 signosigae osopor OH Ha aroM BepxHBbOTO HIapy, KpuBiit
1 — MixK aroMaM¥u BEPXHBOTO APy .

OrpuMaHo 3aJI€KHICTH MIZKATOMHOL BIICTaHl y TPYIIl
OH Bix Bimmam mo moBepxHl MeTasy. Ha Beamkux Bim-
CTAHAX BIJ MOBEPXHI MOBKWHA 3B A3KY B T'APOKCOTPYII
OH nopisaioe 1.038 A (1110 36iraeThCA 3 BIINOBITHOWO Be-
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aumannolo a4 BiabHol rpymn OH™). Tlpu nabamkenni
OH 1o moBepxHI HOBKHHA 3B 3Ky 3POCTAE, MPOTE JIICO-
midAImi He BiabyBaeThbed. g Z < 6 A CITOCTEPITAETHCA
aMmennieHda doy. Ilpn Bimmamgax 7 < 2.3 A noexuna
3B’ a3Ky B rimpokcorpym O-H e HesMmiHHOIO 1 BCTAHOB-
JI0eThbcd B MexKax Bl 1.0 A o 1.04 A.

V. BUICHOBKMU

Pesynbrarn pospaxyHKIB MOKa3aJn, 1o MPH agcopoIil
Ha noBepxHi (001) mepeximHOTO MeTay aroMaM BOTHIO
it a30Ty €HEepreTHYHO BUTLIHO JOKAJI3YBATHCA B MO3HU-
IIIFO MIZK YOTHpMa aToMaMu oBepxHi. [Ipu oMy aTomn
agcopbaTy HabyBalOTh MOSUTUBHOTO 3apAdy, BIAMOBLIHO
MOBEPXHA 3aPAMKAETHCA HETATUBHO.

liapokcorpymam OH™ eneprernyano BUTIIHO agcopby-
BaTHCcdA Ha MOBepxHI Metasy 3 Biccio O-H, mepunenmm-
KYJSPHOIO IO MOBEPXHI, CTBOPIOIOYH TPH HOMY CYTTE-
BUIl AWMOJIBHUN MOMEHT Ha moBepxHi. [lpm BesmrOMY
MOKPUTTI METATY T1APOKCOTPYIAME TUTOJIHHIH MOMEHT
MOBEPXHI MOXKE JOCATATH BEJMKUX 3HAUCHD.

HamiBeMmmiprasai KBaHTOBO-XEMIUHI METOMHM 3 MaKeTa
nporpam HyperChem 5.1, Bimmaromkeni ajs onTuMiza-
il reoMeTpll JOCTIIKYBAHUX 00’€KTIB, HalOTh 3aI0BI-
JIbHI KapTUHE JJT4 [JIAXY TPOXOMKEHHdA i Micid JIoKa-
Jizariil agcopbaTy Ha HmoBepxHI MeTaais. BomHowuac mias
OTPUMAHHS 3aT0BIIBHUX abCOIOTHUX 3HAaUeHb eHepriii
acopbIril ¢l 3aCTOCOBYBATH JOCKOHAJIII METOIA PO3-
paxyHKy, 30KpeMa oCTaHHl Bepcil MeTomy (pyHKITIOHATIA
TYCTHHH.
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INVESTIGATIONS OF ADSORPTION OF HYDROGEN, NITROGEN
AND OH- GROUP ON TRANSITION-METAL SURFACES

I. V. Stasyuk, R. Ya. Stetsiv, I. R. Dulepa
Institute for Condensed Matter Physics of the National Academy of Sciences of Ukraine
1 Swvientsitskiz Str., Lviv, UA-79011, Ukraine

Calculations of the potential energies of hydrogen, nitrogen and OH™ groups on the transition-metal surfaces

are performed by the quantum-chemical method ZINDO/1. Dependences of adiabatic potentials on the distance to

surface and adsorbate location are obtained. Adsorption and dissociation processes of such molecules are studied

as a function of the metal surface structure. The charges of the adsorbed and own surface atoms are calculated.
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