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Abstract

Stable isomers of AusX™ (X = Au, Sc, ) clusters and fourteen stable geometries formed by the interaction of
Au X (X =S¢, Y) with CO were obtained at the BP86/LanL2DZ level of theory. All the most stable isomers of
clusters examined prefer locating in low spin states. In general, the obtained results show that AusSct™® and
AuzY M clusters have similarities of structure and stability. It is remarkable that Au, cluster is more stable than Au,*
and Au,® clusters. The stability of the complexes of CO and AuzX™% (X = Sc, Y) is contributed by o bonding
(05 (CO)—> LUMO (cluster), = bonding (MO-dr (cluster)—>pn*(CO)) and electrostatic interactions. When CO is
absorbed by AuzX° (X = Sc, Y) neutral clusters, charge factor plays a prominent role, while orbital factor has vital one
in the cation complexes. Au atoms in the clusters prefer adsorption of C atom compared to O atom of CO molecule.

Keywords. Density Functional Theory, scandium and yttrium-doped gold clusters, stable structure, adsorption.

1. GIOI THIEU

Trong 10 nim gan ddy da c6 nhidu cong bd cho
thdy tap hop cac nguyén tir theo dang hinh hoc &
mdt trang thai electron x4c dinh c6 nhimng tinh chat
hoa hoc tuong dong véi cac nguyén tir trong Bang
tudn hoan, va goi cdc cum nguyén tir do 1a siéu
nguyén tir “superatoms” hay cluster (tdp hop co tir
mot vai dén hang ngan nguyén tir & kich thuéc nm
hodc nhé hon) [1]. Tir d6 cho thay thach thic 16n
dugc dat ra 1a 1am thé nao xdy dung cac quy tic co
tinh dinh hudéng dé thiét ké nhimg cluster bén voi
thudc tinh vat 1y, hoa hoc xac dinh trudce, va sir dung
dé tao nén cac vat liéu c6 tinh nang dac bit, ung
dung rong rai trong doi séng, giai quyét cac van dé
nhu 6 nhiém moi truong, cai tao moi truong, ...

Trong linh vyc nay thi cluster vang (Au) dac
biét 1a cluster Au pha tap kim loai chuyen tiép duoc
xem 13 dbi twong nghién ctru hip dan. Boi I8, Au la
kim loai quy va trong mot thoi gian dai ta cho ring
Au rit tro vé mat hoa hoc; tuy nhién diéu tha vi 1a
khi phu 1én trén bé mit ciia cac chat mang nhu oxit
kim loai, hydroxit kim loai, ... thi nhiing hat nano
Au t6 ra rat hoat dong. Pang chua y 1a qué trinh oxi
héa CO boi O, duoc thue hién trén cac cluster Au rat
dugc quan tam nghién ctru [2-4]. Mdc du da co
nhiéu bai bao lién quan dén qua trinh oxi hda CO
trén cac hat nano Au, tuy nhién co ché phan tmg va
cac yéu té didu khién phan ung van chua dugc hiéu

rd. Hon nita, ciu trac hinh hoc, thudc tinh electron,
dd hoat dong hda hoc, hoat tinh xuc tac clia cac
cluster pha tap thuong khac nhiéu so véi cac cluster
tinh khiét [5]. P4 c6 nhidu nghién ctru vé cac cluster
Au pha tap nhim ting cudng su 6n dinh va cai thién
hoat tinh xtc tic cua cac cluster Au tinh khiét,
nhung chua c¢6 mdt nghién ciru co6 hé thong vé cau
triic, 4o bén, thudc tinh electron cling nhu kha nang
xUc tac cua cluster Au pha tap Sc, Y. Mat khac,
ching t6i nhan thay cluster Au, kha bén [6] va hy
vong viéc thay thé 1 nguyén tir Au cua cluster Au,
boi 2 kim loai chuyén tiép Sc, Y s€ mang lai hi€u
qua hip phu CO cao hon so v&i cluster Au,. Chinh
vi thé, trong bai bao nay ching t6i tién hanh nghién
clru cdu trac, dd bén va kha ning hip phu khi CO
cua céc cluster AusX (X = Sc, Y) ¢ 3 dang trung
hoa, cation v anion bang phuong phép tinh toan héa
hoc lugng tir.

2. PHUONG PHAP TINH

Phuong phap phiém ham mat d6 DFT (Density
Functional Theory), dac biét 1a phuong phap BP86
cho két qua rat tot so véi thuc nghiém [6]. Vi vay
trong bai bao nay, ching tdi sir dung muc Iy thuyét
BP86/LanL2DZ dé nghién curu tt ca cac cluster cua
hé nghién cau. Hinh hoc cua cac cluster trong hé
dugc tdi uu tai BP86/LanL2DZ, tan s6 dao dong hoa
tri duoc tinh & cing muc 1i thuyét dé chic chin dang
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hinh hoc thu dugc 1a cuc tiéu trén bé mat thé nang.
Céc gia tri nhu nang luong lién két trung binh BE
(Binding Energy), nang lugng tach nguyén ti Eg
(Fragmentation Energy), nang luong diém don, ning
luong dao dong diém khong (ZPE) va ning lugng
hip phu CO cua cac cluster déu duoc tinh tai muc
BP86/LanL.2DZ. Tét ca cac théng sé déu duogc tinh
bang phan mém Gaussian 09 [7]. Pé danh gia do
phl hop caa mac ly thuyét cho hé nghién ctu, cac
s6 liéu thu dwoc khi téi wu phan tir Au, va CO tai
muac ly thuyét BP86/LanL2DZ dugc so sanh Vi
thuc nghiém. Doi véi phan tir Au,, do dai lién két r =
255 A: nang lugng lién két E, = 2,13 eV; nang
luong ion héa IE = 9,74 eV; tan sé dao dong hoa tri
e = 168,39 cm™ twong dbi phu hop voi cac gia tri
thu duoc tir thuc nghiém (r = 2,47 A; E; = 2,29 eV;
IE = 9,20 eV; o, = 191 cm™) [6]. Di Vi phan tir
CO, d¢ dai lién két r = 1,180 A; momen ludng cuc p
= 0,074 D; tan s6 dao dong hoa tri w, = 1935,00 cm™
cling kha phl hop véi thuc nghiém (r=1,128 A; p =
0,112 D; w. = 2169,80 cm'l) [8]. Nhu vay, phuong
phép BP86 vai bd ham co s¢ LanL.2DZ la phuong
phép tin cay va phu hop vai hé nghién ctru.

3. KET QUA VA THAO LUAN
3.1. Céc cAu trdc bén ciia cluster dang AugX ™™
(X=Au, Sc,Y)

Thuc hién t6i wu hoa hinh hoc cho céc cluster
AuzXH (X = Au, Sc, Y) tai mac ly thuyét
BP86/LanL2DZ, cac cau tric bén nhat caa mbi dang
duoc chi ra ¢ hinh 1. Ky hiéu bén dudi cia mdi hinh
lan luot la dang cluster (d6i xung, trang théi
electron, nang lugng cua cluster (da hiéu chinh ZPE,
tinh theo don vi nguyén tur (au))).

Nhin chung cau trac hinh hoc cua céc cluster
khao sat trén day déu co tinh ddi xung cao, c6 trang
thai spin thap (singlet hoic doublet) va hoan toan
phu hop véi céc két qua nghién ciru trude day [5, 8].
Dic biét & mdi loai cluster (Au nguyén chat, pha tap
Sc, pha tap Y) thi dang hinh hoc cua cluster trung
hoa giéng voi cluster anion tuong @ng, con cluster
cation c6 mot trdc hinh hoc khéc. Ngoai ra, ching
t6i con nhan thiy céac cluster AusX® va AuX (X =
Sc,Y) dat duoc cau tric bén viing nhat khi nguyén tir
Sc, Y dugc bao quanh boi cac nguyén tar Au, con
trong cac cluster AusX" (X = Sc,Y) thi nguyén ti
nguyén t6 pha tap c6 khuynh huéng chi lién két voi
1 nguyén tir Au. Piéu nay do ciu hinh electron cua
nguyén te X cé dang [Khi hiém](n-1)d'ns? cua
anion X la [Khi hiém](n-1)d°ns® c6 nhiéu AO-d
chua duogc dién diy electron, do d6 nguyén tir X co
kha ning tao lién két véi nhidu nguyén tir xung
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quanh bang lién két cho nhan dugc hinh thanh boi
cap electron hoa tri ctia cac nguyén tir khac véi cac
AO-d tréng caa nguyén tir X hozc anion X'. Trong
khi d6, cau hinh electron cua ion X* la [Khi hiém]
(n-1)d'ns', electron doc than ns' s& tro nén rat linh
dong va tham gia tao lién két véi 1 nguyén tir Au
bang cip electron dung chung d& hinh thanh nén
cluster cation twong d6i bén. Mit khac, dwa theo
nang lugng da hiéu chinh ZPE cua tung cluster,
ching t6i nhan thay, nhin chung d6 bén céc cluster
giam theo chiéu: dang anion > dang trung hoa >
dang cation, véi dang hinh hoc tuong ng.

2,75 2,74

2,56 2’61
2,75 2,74

Au (Co; *Ar; AUy (Cas By Auy' (Dan; °Bo;
542,743277)  -541,932640)  -542,235209)
2,85
2.4
Se 2,47 G 12,63 2,60
285 OS¢
AusSc’ AusSc” Au,Sc’
(D3 1Al ; (D3 2A1 ; (Cos 252;
-453,265828) -453,333100) -452,896831)

AusY® AusY" AusY*
(Dan; "As; (Dan; “As (Cay; °Bz;
-444,775608)  -444,834093)  -444,395547)

Hinh 1: Céc cAu trac bén cua cluster Au3x<'1’°’l>
(X = Au, Sc, Y) (don vi do dai la A)

3.2. Khao sat va so sanh mét sé tinh chét cia céc
cluster AuX™ (X = Au, Sc, Y)

3.2.1. Néang liong lién két trung binh

Pé danh gia do bén tuong ddi cua cac cluster
Au X (X = Au, Sc, Y), ching tdi tinh toan gia
tri BE cua cac cluster theo cong thirc:

BE = [(E(X*Y) + 3E(Au)) — E(AuzX™0M)]/4
Trong d6 X = Au, Y, Sc; E(Au3X('1’O’1)) la nang
lwong téng cua dang cluster AugX Y bén nht.
Két qua tinh dwoc tap hop trong bang 1.

Dua vao cac sb liéu thu duge & bang 1, co thé
thdy céac cluster ludng kim loai AusX™™® (X = S,
Y) ¢6 ning lugng lién két trung binh BE giam dan
theo thtr ty: anion > trung hoa > cation, cho thiy do
bén cia cac cluster giam theo tht tyu trén, phu hop
v6i nhan dinh ban diu nhu & muc 3.1. Gia tri BE cua
cluster Au’ (1,40 eV) bé hon kha nhiéu so cac
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cluster AusSc® (2,45 eV) va AusY? (2,56 eV), minh
ching sy ting do bén cua cluster dang trung hoa
Au,’ khi pha tap cac kim loai chuyén tiép c6 d6 4m
dién thap hon Au [9, 10] (theo thang Pauling, d6 4m
dién y cta Au, Sc va Y lan luot 1a 2,54; 1,36 va
1,22). Trai lai, viéc pha tap Sc, Y vao Au, va Au,”
lam giam do bén cua chung (bang 1). Pang chu ¥,
ning luong lién két trung binh cua cac cluster
AugY('”o”) cao hon mot it so véi cac cluster
AuzSc™ tyong tmg. That vy, nguyén t6 Y va
nguyén té Au thudc 2 chu ki lién tiép nhau (Y chu ki
5, Au chu ki 6) nén cac AO hoa tri ciia ching c6 su
phit hop véi nhau vé mit ning lugng va kich thudc,
dan dén lién két hinh thanh giita Au va Y bén hon so
voi Au va Sc. Riéng cluster Au, nguyén chat khong
tudn theo quy ludt nay, ning luong lién két trung
binh cua céac cluster giam dan theo thu tu Auy >
/A\U4+ > AU4O.

Bdng 1: Nang lugng lién két trung binh (BE, eV)
cua céc cluster AugX Yo (X=Au, Sc, )

Nghién cieu cau truc, do bén va...

dai lién két Au-X khac nhau trong 2 dang cluster
anion va trung hoa. Theo hinh 1 cho thay, khi muén
tach nguyén tir X trong cac cluster AusX™? (X =
Sc, Y) thi phai cét dut ca 3 lién két Au-X, tuy vy do
dai lién két Au-X trong AusX® (X = Sc, Y) ngén hon
trong AusX (X = Sc, Y), do d6 nang luong tach
nguyén tir X cia cluster AugX®> AuzX'.

Bdng 2: Nang lugng tach nguyén tir (Ef, eV) cua cac
cluster AuzX™™ (X = Au, Sc, Y)

Cluster Auy Au,’ Au,’
Efau 12,23 2,30 1,60
Cluster AusSc Au,Sc? AusSc”
Eran 4,07 3,23 1,15
Eso) 4,42 6,49 3,98
Cluster AusY” AuzY? AusY?
Efau 3,80 3,62 1,12
Efv) 4,62 6,92 4,11

Cluster Auy Au,’ Au,’
BE 424 1,40 1,76
Cluster AusSC AuzSc’ AuzSc’
BE 2,96 2,45 1,60
Cluster AuzY AugY? AugY"
BE 2,97 2,56 1,63

3.2.2. Nang luong tach nguyén tu

Dé 1am rd hon quy luét bién thién d6 bén cia cac
cluster c¢6 dién tich khac nhau, ching t6i tién hanh
tinh gia tri nang lugng tach nguyén tir theo 2 hudng,
d¢6 la tach nguyén ti Au hoac tach nguyén tur pha tap
X (X'=Sc, Y) khoi cluster theo cong thirc:

Eqan = E(AUX0Y) + E(AU) - E(AUX ™)

Eroo = E(AUS™0Y) + E(X) - E(AUX0V)
Trong d6 X = Au, Y, Sc; E(Au, X(lol)) la nang
luong tdng cua dang cluster AugX %Y bén nhét.
Cac két qua tinh dugc liét ké trong bang 2.

Gia tri BE cua cluster Auy ¢ bang 1 (4,24 eV)
va E; cua cluster Auy ¢ bang 2 (12,23 eV) 16n hon
nhiéu so v6i cac gia trj trong Gmg cua 2 cluster Au,"
va Au,’, chung to cluster Aug bén hon nhiéu so véi
2 cluster Au,* va Au,’. Bén canh d6, cac gia tri Egay),
cling nhu Egx) (X = Sc, Y) tuong ng cta cac cluster
Au XM (X = Sc, Y) tuong d6i gan nhau va tuan
theo quy luét ro rang. Cu thé, Efau) gidm theo thir ty:
AuzX™ > AuzX° > Au3X (X =S¢, Y). Diéu nay mot
lan nita cho thiy d6 bén cua cluster pha tap Sc, Y
giam dan theo thtr ty: cluster anion > trung hoa >
cation. Tuy nhién, ning lugng tach nguyén tir X (X=
Sc, Y) giam theo chiéu: AusX?> AugX > AugX* (X
= Sc, Y). Két qua nay c6 thé duoc giai thich do do

3.3. CAu trGc hinh hoc va ning lweng hip phu
cua cac phic giira cac cluster AuzX™ % (X = S,
Y) véi CO

Cachon monoxit (CO) la mét phdi tr quan trong
trong nganh héa hoc vé co ciing nhu hitu co. Dé
nghién cau kha ning hip phu cua cac cluster dang
khao séat, ching toi thuc hién hap phu khi CO trén
cac cluster ndy. Két qua téi wu hinh hoc tai
BP86/LanL.2DZ thu dugc 14 phirc cia Sy tuong tac
gitra cac cluster AuzX ™% (X = Sc, Y) véi CO duge
chi ra trong hinh 2. (Ky hiéu N dé chi phuc trung
hoa, A dé chi phirc anion, C dé chi phirc cation).

Trong 14 phirc bén ¢ trén, gdm 6 phirc trung hoa,
2 phirc anion va 6 phuc cation. Hinh 2 cho thdy,
khoang cach tuong tac trong cac phtrc déu nho hon
tong ban kinh van der Waals cua 2 nguyén tir tham
gia twong tac (cia O va Sc (3,82 A), cta O va Y
(3,96 A), ctia C va Y (4,14 A), ctia C va Au (3,36
A), Ova Au (3,18 A)) Dong thoi do dai lien két C-
O, ciing nhu tan sb dao dong hoa tri lién két C-O
trong phirc déu c6 su thay d6i so v6i phan tir CO &
trang thdi ty do tinh ¢ cing muc 1y thuyét
BP86/LanL2DZ, nén c6 thé du doan c6 sy hinh
thanh tuong tac gitta CO voi cac cluster khao sat.
Bén chat tuong tac giita phan tir CO véi cac cluster
trén dugc tao thanh tir 2 lién két, lién két thtr nhat la
lién két o theo co ché cho nhan: cap electron & MO-
Gs cla phan t&r CO cho LUMO cua cluster, lién Két
thir hai 1a lién két 7 theo co ché cho nhan nguoc: cac
electron & MO- dn cua cluster cho MO-pr” ctia phan
tr CO (MO-o, va MO-pn” dugc dong gop chi yéu
boi cac AO cua C) [1, 10]. Do @6 chtng t6i du doan
cac tuong tic cua cac cluster trén voi CO déu
rat bén.
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D¢ tiép tuc dénh gid do bén cua céc phuc trén,
ching t6i tinh nang lugng hap phu vai hiéu chinh
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ZPE (AE) cua cac phuc tai muc BP86/LanL2DZ.
Két qua tinh duoc tap hop & bang 3.

C11 (Cy) C12(Cy)

C13 (Cy) C14 (Cy)

Hinh 2: Cac phtrc bén cua tuong tac gitra cac cluster AusX ™" (X = Sc, Y) v6i CO (don vi do dai 1a A)

Bdng 3: Nang lugng hap phu véi hiéu chinh ZPE (AE, ki.mol™) ctia cac phirc ¢ hinh 2

Phurc N1 N2 N3 N4 N5 N6 A7
AE -37,9 -38,1 -5,3 -4.5 -22,5 -22,2 -36,0

Phurc A8 C9 C10 Cl1 C12 C13 C14
AE -38,0 -95,0 -154,8 -182,7 -176,8 -53,8 -47,6

Két qua bang 3 cho thdy ning lugng twong tac
cua cac phuc hinh thanh gilra cac cluster cation véi
CO déu am hon rat nhiéu so voi giita cluster trung
hoa va anion voi CO, dac biét 3 phuc C10, C11,
C12 ¢6 nang lugng tuong tac am vugt troi hon so
véi cac phirc khic, ching to céc cluster AusX™ (X =
Sc, Y) c6 kha nang tuong tac voi CO manh hon cac
cluster khac. Pang cha y, nguyén tir Au trong céac
cluster “wa” hip phu ddu C hon dau O cta phan tu
CO. That Vay, hép phu CO véi dau O trong cac phuc
N3, N4 chi giai phong 5,3 ki.mol 1 va 4,5 kl.mol™,
nho hon rit nhiéu so voi trong phirc N5 (25, 5
kJ.mol™), N6 (22,2 kJ.mol™) véi hap phu tai dau C.
Bén canh do, khi hinh thanh phic N3, N4, khoang
cach tuong tac gitra CO va cluster nho hon khong
nhiéu so véi tong ban kinh van der Waals ciia 2
nguyén tir tham gia twong tac. Cu thé, ¢ phuc N3,
N4 c6 khoang cach tuong tac d(O--Au) lan luot 1a
3,07 A va 3,13 A; nho hon chi khoang 0,11 A va
0,05 A so vai téng ban kinh Van der Waals cua O va
Au; minh ching cho twong tac yéu gitra CO va
cluster trong cac phirc N3, N4.

Ning luong twong tac khi hap phu dau C cua CO
trong cac phic C11, C12 am hon rat nhiéu so véi
hap phu dau O cua CO trong cac phuc C13, C14
tuong Umg (bang 3). Tur cac két qua va thao luan &
trén, mot lan nita ching toi khang dinh nguyén ti
Au trong céc cluster vu tién hap phu dau C hon dau
O cua phan t&r CO. Nguyén nhén do C (2,55) it &m
dién hon O (3,44), nén cdp electron tu do cua
nguyén tir C trong CO linh dong hon va dé dang
tham gia lién két cho nhan hon so véi O. Ngoai ra, 2
phtrc trung hoa N5, N6 kém bén hon 2 phirc ¢6 dién
tich am A7, A8. Do vdy, do bén cac phirc ngodi 2
lién két cong hoa tri theo co ché cho nhan con co
tuong tac tinh dién dong gop. That vay, dbi voi cac
cluster Au pha tap, d6 am dién cia Au (2,54) 16n
hon khé nhiéu so véi Sc (1,36) va Y (1,22) lam cho
mat do electron & nguyén tir Au cao hon so voi
nguyén tr pha tap. Pac biét, khi cluster mang dién
tich &m, mat do electron trén cac nguyén tir Au trong
cluster cang tré nén cao hon va do d6 twong tac tinh
dién gitra nguyén tir Au® (cua cluster) v6i nguyén tir
C* (ctia CO) trong phirc 4m dién s& manh hon phtrc
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trung hoa.

Nguyén tor pha tap trong cluster trung hoa uu
tién hap phu dau O cua phan tir CO, nén chi ton tai
phirc trung hoa hap phu dau O (phirc N1, N2), khong
t6n tai cac phirc trung hoa hap phu dau C cua CO.
Trong khi d6 d6i véi dang cluster duong dién,
nguyén tor Y “ua” dau C cua CO, con kha ning
twong tac cta nguyén tir Sc lai rat kém. That vay,
phtrc duong dién C9 (twong tac O---Y) cd nang
lugng tuong tac kém am hon phac C10 (twong tac
C---Y), va khong phat hién dugc phuc cation hip
phu CO tai nguyén tir Sc. Toém lai, cac két qua dat
dugc cho thiy d6i v6i phirc trung hoa khi hap phu
CO bdi nguyén tir nguyén té pha tap thi twong tac
tinh dién (yéu t6 dién tich) dong vai tro chinh, nén
cac nguyén tir nguyén t6 pha tap Sc, Y trong cac
cluster trung hoa wu tién twong tac dau O hon so voi
dau C ctia CO; con dbi véi twong tac trong cac phirc
cation thi cac lién két o theo co ché MO-
65*(CO)—LUMO (cluster) va lién két © duoc hinh
thanh boi MO-dr  (cluster)—>pr*(CO) (yéu tb
obitan) dong vai trd ndi trdi nén nguyén tir Y trong
cluster AusY* uu tién hap phu dau C cia CO hon
(do MO-6s* va MO-pr* duoce dong gbp chu yéu boi
cac AO cua C) [1].

4. KET LUAN

1. Tt ca cic céu trac bén nhét cua cac cluster
AuzXH (X = Au, Sc, Y) déu ton tai & trang thai
spin thap (singlet va doublet), va c6 su giong nhau
tuong ddi vé cAu trac bén cua céc cluster Au3X( Ao
(X =8¢, Y). Trong céc cluster khao st, cluster Auy
bén hon rat nhiéu so véi 2 cluster Au4 va Au4 ,va?2
cluster AuzX" (X = Sc, Y) kém bén nhét trong cac
cluster Au pha tap Sc, Y.

2. B3 x4c dinh duge 14 cu tric bén cia cac
phirc tuong tac gitra cac cluster AuzX ™" (X = Sc,
Y) voi CO. Nhin chung, do bén cua cac phtc dugc
dong gop bai lién két o (o5 (CO)—LUMO (cluster),
lien két m (MO-drn (cluster)—prn*(CO)) (yéu to
obitan) va twong tac tinh dién (yéu td dién tich).

3. Céc cluster AusX™ (X = Sc, Y) c6 kha ning
teong tac voi CO manh hon cac cluster khac. Khi
hap phu CO béi nguyén tir Au trong cac cluster & ca
3 dang: cation, trung hoa, anion, nguyén tor Au déu
“wa” hap phu dau C hon dau O cuia phan tir CO. Pdi

Lién hé: Nguyén Tién Trung

Nghién cieu cau truc, do bén va...

v6i sy hip phu CO trén nguyén tur nguyén t6 pha tap
Scvay, trong phurc trung hoa yéu tb dién tich dong
vai tré noi troi, con trong phirc cation yéu to obitan
dong vai tro chu yéu.

Loi cam on. Cong trinhﬂ duwoc hoan thanh duoi su
tai tro cua Quy Phat trién Khoa hoc va Cong nghé
Quoc gia (NAFOSTED), md so 104.06-2013.06.
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