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ABSTRACT

The structures, growth pattern and energetic properties of clusters Au, in
the range of n = 2 — 14 are systematically investigated using the meta-
GGA BBY95 functional in conjunction with the consistent-correlation
pseudopotential cc-pVDZ-PP basis set. In general, even-electron systems
prefer a singlet ground state, while odd-electron species prefer a doublet
state. Concerning the growth pattern, small clusters (n = 2 — 10) are
found to favor the 2D planar structures, and a 2D-3D structural
transition may occur at Au;;. The computed results also show that there
exist extreme odd - even oscillations in binding energies (BE),
fragmentation energies (Ey, and second-order energy difference (A’E);
clusters with an even number of atoms are predicted to be more stable
than the odd-numbered counterparts.

TOM TAT

Cdu triic, co ché phat trién va cdc tinh chdt vé ndng luong cia cac
cluster Au, (n = 2 — 14) dwoc nghién ciru mét cach hé thong bang phlem
ham meta-GGA BB95 két hop véi b ham co sé phit hop-twong quan thé
nang gia cc-pVDZ-PP. Nhin chung, trang thai electron co ban la singlet
doi véi cluster ¢6 s6 electron chan va doublet doi véi cluster c6 s6
electron 16. Vé mdt co ché phat trién cau triic, cac cluster véin = 2 — 10
c6 xu hwéng ton tai dwdi dang phang 2D, sy chuyén doi tir cdu triic 2D
(phdng) sang 3D (ba chiéu) bdt dau xdy ra tai Au;;. Két qua tinh todn con
cho thdy nang lwong nguyén tir héa, nang luong tdch mot nguyén tir va
chénh léch nang luong bdc hai bién thién theo qui lugt chan 1é; cdc hé
V6i n chdn bén hon cac hé véi n Ié.

Trich ddn: Pham Vi Nhat, 2017. Khao sat sy dich chuyén cAu tric tr 2D sang 3D, so sanh d6 bén cua céc

cluster vang Aun (n =2

- 14) bang 1y thuyét phiém ham mat do. Tap chi Khoa hoc Truong Pai

hoc Cén Tho. 50a: 21-28.

1 GIOI THIEU

liéu rat tiém ning cho cac thiét bi voi kich thude
nanometer (Schwerdtfeger, 2003). Nho kha nang

Trai ngugc vai tinh tro dac biét & dang khéi, &
cAu trac nano hodc khi duogc phéan tan min trén bé
mat cac oxide, vang thé hién hoat tinh xuc tac rat
manh ddi véi nhiéu phan tng trong pha khi nhu
oxy hoéa CO, epoxy hoa propylene, khu NO,
chuyén hoa khi hoi nudc va tong hop methanol
(Valden et al., 1998). Ngoai ra, cluster vang 1a vat
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tuong thich sinh hoc tbt, d& tong hop, va c6 ai luc
lon voi nhiéu hé sinh hoc khac nhau, cac hat vang
nano rat duge ua thich trong viéc phat trién cac
thiét bi do tiém va cam tng sinh hoa (Riboh e al.,

2003). C6 thé noéi rang vang cluster 1 mot trong
nhiing cluster kim loai chuyén tiép déc trung nhit,
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cid vé miat 1y thuyét 1an thuc nghiém (Pyykko,
2004).

Céc nghién ctru gin day di dua ra mot trong
nhitng phat hién th vi nhat d6 1a cluster vang tinh
khiét c6 khuynh hudng thé hién ciu trac phing khi
kich thuéc nhé. Su wa thich cdu tric phing 2D cia
cluster vang dwoc giai thich 1a do anh huong cta
hiéu Ung tuong dbi tinh manh cia vang
(Assadollahzadeh et al., 2009). Vi du, trong khi cac
anion Cu7— va Ag7- & trang thai co ban c6 cu
trac 3D, dang phéng 2D ctia anion Au7— bén hon
ddng phéan 3D dén 0,5 eV (Hakkinen et al., 2002).
Tuy nhién, sy thay d6i chu trac tir phang sang ba
chidu van con 1a van dé gay tranh cii.

Nghién ciru trén cac cluster vang chta 2 — 10
nguyén tir (Hékkinen et al., 2002) bang 1y thuyet
phiém ham méat d6 (DFT) cho thay su chuyén do6i
tir dang phing 2D sang dang 3D ddi véi cac cluster
trung hoa xay ra tai n = 7. Tuy nhién, Furche ef al.
(2002) cho rang sy chuyén d6i 2D-3D c6 thé dién
ratain=12. Li et al. (2007) cling x4c nhan sy dich
chuyén 2D-3D trong cluster vang trung hoa bt
dau tai Aujp. Trong khi d6, nhitng nghién ctru cta
Zhao et al. (2003) cho thiy cac ciu tric 1ong 3D
bét dAu xudt hién trong khoang n = 10 — 14. Xiao
va Wang (2004) thi cho rang qué trinh chuyén d6i
co ciu 2D-3D xdy ra tai Aujs. Nguoc lai, mot
nghién ctru khac (Walker, 2005) du doan rang sy
dich chuyén tir 2D sang 3D bat dau dién ra tai
Auy;. Gan ddy, nghién ctru cia Zanti va Peeters
(2013) voi phlem ham lai héa B3LYP ghi nhan sy
thay d6i tir cau triic 2D sang 3D bat dau tai n = 10.
Trudc d6, nhitng khao sat ciia Assadollahzadeh va
Schwerdtfeger (2009) ciing cho két qua tuwong tyr.

Nhu vdy, mic du c6 rit nhiéu nghién ciu vé
chu truc cua cluster vang da dugc cong bd nhung
nhin chung van chua c6 sy ddng thuin vé diém
dich chuyén (turnover point) tir ciu tric phing
sang cdu tric ba chidu. Cac sb liéu thuc nghiém
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dugc cong bd mot cach han ché ciing gép phan lam
cho nhitng tranh cdi vé ciu truc cia cac cluster
vang chua két thiic. Trong bdi canh d6, mot nghién
ctru 1y thuyét mang tinh hé thong duoc thuc hién
nhim dua ra thém mot mdc quan trong cua su
chuyén ddi tir 2D sang 3D cho cac cluster trung
hoa. Ngoai ra, d6 bén twong ddi cua céac cluster
cling dugc phan tich chi tiét dya vao cac gia tri
nhi¢t dong nhu ning luong nguyén ti hoa, sy
chénh 1¢éch nang lugng béc hai va nang lugng phan
manh mdt budc.

2 PHUONG PHAP TiNH TOAN

Trong nghién cttu nay, cac tinh todn mo phdéng
cha yéu dugc thyc hién bang cach s dung phan
mém Gaussian 09 trong khuon khé 1y thuyét phiém
ham mat d¢ (density functional theory — DFT).
Phiém ham meta-GGA BB95 cung v6i b ham co
sO phu hgp-tuong quan cc-pVDZ-PP dugc st dung
dé toi wu héa hinh hoc ciing nhu tinh todn ning
luong. BO co s¢ cc-pVDZ-PP da duge két hop hiéu
mg tuong ddi tinh (relativistic effects), mot tinh
chat ddc biét quan trong d6i voi kim loai vang. Bo
co s& cc-pVDZ-PP dugc str dung vi c6 thoi gian
tinh toan nhanh va cho két qua kha chinh xac d6i
v6i cac nguyén té nhom 11 (Peterson et al., 2005).

Céc phiém ham GGA nhu BP86, BPW91 nhin
chung 13 dang tin cdy hon cc phiém ham lai hoa
nhu B3LYP trong viéc mo ta lién két cua cac kim
loai chuyén tiép (Cramer et al., 2009). Tuy nhién,
viée str dung cac phiém ham GGA cb dién dé khao
sat twrong tic Au — Au trong cac cluster vang van la
mdt van dé gy tranh cai vi cac phiém ham nay co
xu huéng thién vi cc cdu trac phiang (2D) hon ba
chiéu (3D) (Johansson et al., 2008). Vi vy, dé
danh gia sy chinh x4c cua cac phuong phéap tinh
toan, trudc hét, mot loat phiém ham nhu BPW91,
BB95, BP86, PW91, B3P86 va B3LYP dugc su
dung dé thuc hién cac phép tinh chuan cho dimer
Auz.

Bing 1: Két qua ly thuyét va thwe nghiém cho dd dai lién két R. (A), niing lrgng phén ly De (eV), ning
lwgng ion héa IE (eV), 4i lyc electron EA (eV) va tan so dao dfng @ .(cm™) ctia Auz

Phwong phap Re D. 1E EA e
BPWI1 2,52 2,18 9,34 1,91 172
BB95 2,51 2,29 9,33 1,80 172
BP&86 2,52 2,27 9,53 2,08 173
PWI1 2,52 2,31 9,44 1,97 173
B3P86 2,51 2,11 9,83 2,39 177
B3LYP 2,50 1,96 9,28 1,89 166
Thuc nghiém 2,472 (+ 3:(2)3) (+ (9)”5?) 1,920 1912

aTheo Morse (1986); *Theo Hiikkinen et al. (2003)

Két qua thu duoc (Bang 1) cho thay khoang
cach Au-Au duoc dyu doan boi cac phiém ham déu
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16n hon gid tri thue nghiém (2,47 A). Sai léch S0
véi két qua thuc nghiém 1a tr 0,03 (B3LYP) dén
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0,05 A (BP86, PW91). Gia tri D, tinh bang cac
phiém ham B3LYP, B3P86 va BPW91 nhé hon gia
tri thuc nghiém kha nhidu (tr 0,11 — 0,33 eV),
nhung phiém ham BP86, PW91 va BB95 cho két
qua phu hop rit tdt v6i thyc nghiém. Phiém ham
BB95 ciing cho két qua dang tin cay hon dbi voi
cac gia tri thyc nghiém IE va EA. Trén co s& phu
hop giita s6 liéu thyc nghiém va két qua tinh toan
cho Au phiém ham meta-GGA BB95 duoc lua
chon dé thuc hién cac phép tinh trong nghién ctru
nay.

3 KET QUA VA THAO LUAN

3.1 Céu triic tdi vu cia Aun (n =3 — 14)

O trang thai co ban, nguyén tir Au ¢6 cau hinh

2-1, Cav, *B2
(0,00)

J

4-1, Don, 'Ag
(0,00)

5-1, Cav, *Ai
(0,00)

6-1, D3n, mA
(0,00)

7-1, Cs, @A’
(0,00)

J

-
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electron héa tri 5d'%6s' véi mot electron ddc than
nén lién két hoa hoc Au — Au duge hinh thanh cha
yéu béi sy twong tac cua hai electron 6s. Cac dimer
Auy duge coi 1a don vi co ban dan dén su hinh
thanh cac cluster ¢6 kich thudc 16n hon. Ciu trac
va su 6n dinh tuong ddi cua cac cluster véi n chén,
céu hinh electron vo déng, co thé dugc giai thich
bang cach to hop cac tiéu don vi Aup. Con céu tric
va su 6n dinh cua cac cluster voi n 1é, cdu hinh
electron vo md, ¢ thé duoc mo ta boi su neo dau
cia mdt nguyén tor vang trén cum vo dong trudc
d6, mac du sy hién dién ctia mot electron 1¢ thém
vao s& gy nén mot sd thay dbi nho. Chu trac, dbi
xUing va trang thai electron cua cac cluster Au, (n =
2 — 14) duoc minh hoa trén cac Hinh 1 — 3.

P Pl 211, D, >3

(0,02)

4-11, Ta, 'As
(1,03)

5-11, Dan, %A1
(0,43)

6-11, Cs, @A’
(1,29)

7-11, Cay, 2A4
(0,19)

Hinh 1: CAu tric, d6i xing va trang thai dién tir ciia cac cluster Aun, n =2 -7. Gia tri trong diu
ngoac don la nang lwgng twong doi (eV) ciia ching tinh tai mirc ly thuyet BB95/cc-pVDZ-PP+ZPE

Déi véi cluster Aus, hai cg”iu truc duoc khao sat
la chit V (Cy) va duong thang (D.h). Dang chir

V c6 trang thai electron co ban 13 ?B,, con dang
dudng thing co trang thai dién tir co ban 1a 2y ,. Tai
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mirc 1y thuyét BB95/cc-pVDZ-PP, dang chit V la
dang bén nhét cia Aus nhung chi ndm thip hon
dang duong thing khoang 0,02 eV. Trong khi do,
cAu tric bén nhit cua Aug dugc xéac dinh 1a dang
hinh thoi (rhombus) véi nhom diém d6i xing Doy
(dang 4-I) va trang thai dién tir co ban la 'A,.
Ngoai ra, Aus con cd thé ton tai dudi dang 4-11 co
ciu tric tir dién Ty Dang ndy c6 ning luong cao
hon trang thai co ban D,y khoang 1,03 eV.

8-1, Don, 'Ag
(0,00)

9-1, Cav, 2Al
(0,00)

AT
AVAVAN
JAVAVAY
A\VAVAVA

(0,00)

11-1, Cav, *As
(0,00)

10-1, Dan, 'Ag
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Céu tric bén nhét cua Aus dugc du doan la
dang 5-I (chit W) thudc nhom diém Cyy v6i trang
thai dién tir co ban 1a 2A;. Dang nay duoc tao ra
bang cach gin thém mot nguyén tir Au vao dang
bén nhit ctia Aug (4-I). Két qua nay ciing phu hop
voi cac nghién ctu trude day. Ngoai ra, Aus con
mot ddng phan nita c6 cdu trac phing do 1a dang
chit X 5-II (D2pn) v6i trang thai dién tor co ban la
?B,,. Dang nay c6 ning lugng cao hon dang 5-1 1a
0,43 eV.

AN
-

i

8-, Cs, gA'’
(0,25)

9-I, Cs, @A’
(0,14)

Hinh 2: CAu tric, d6i xing va trang thai electron cua cac cluster Aun, n =8 —11. Gia trj trong diu
ngoac don la nang lwong twong doi (eV) ciia ching tinh tai mirc ly thuyet BB95/cc-pVDZ-PP+ZPE

Hai cuc tiéu dia phuong dugc tim thiy cho
cluster Aus 14 6-1 (D3p) va 6-11 (Cy). Dang bén nhat
6-1 thu dugc bang cach gin thém mot nguyén tir
Au vao dang bén nhit cia Aus (5-I). Pong phan
nay co trang thai electron co ban 1a 'A;. Png phan
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6-11 (Cs) c6 nang luong cao hon 6-I dén 1,29 eV.
Gan thém mot nguyén tir vang vao dong phan 6-1
clia Aug tao ra dang bén nhat cua Auy (7-1, Cy). Pic
biét, tir Auy, ciu triic 3D bat dau xuét hién, cu thé
1a cdu trac 7-II. Céu tric 3D nay hoi kém bén hon
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7-1, ndam cao hon 7-I chi 0,19 eV va co trang thai
electron 13 2A ;.

Gidng nhu Auy, ton tai mot s cAu hinh, cu thé
1a 8- va 8-II, c6 thé 1a dang bén nhét cua Aus.
Trong d6, dang 8- (D) ndm thap hon 8-II (Cy)
khoang 0,25 eV va dugc dy doan 1a cAu trac toi vu
clia Aug. Ca hai déu ¢6 céu hinh phing 2D. Dong
phan bén nhét tim thiy dwoc cho Auo (9-I) ciing ¢
céu tric phang. Dang nay duoc tao ra tir dang bén
thir hai ctia Aug 8-II bang cich gin thém mot
nguyén tor Au vao mot canh clia vong Aus. Ngoai
ra, con mot dang dong phéan nita clia Aug ciing kha

12-1, Cav, 'As
(0,00)

13-1, Cav, 2As
(0,00)

14-1, Cav, 'As
(0,00)
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bén d6 1a dang 9-II, ¢6 cau hinh 3D. Trang théi
spin thdp 2A; cta 9-I dwoc du doan 1a trang thai co
ban, trong khi trang thai spin thip 2A’ ciia 9-IT ndm
cao hon trang thai 2A, 0,14 eV.

Gan thém mot nguyén tir Au vao 9-I ta thu
dugc dang bén nhit ciia Aujo (10-I). Dang ndy ¢
dbi xtng cao Dy, trong khi dang dong phan khac
clia Aujo 1a 10-1I ¢6 dbi xing thap C,. Pong phan
10-I ('Ay) c6 céu trac phang 2D; dong phan con lai
¢6 céu hinh khong phing. Dang 2D 10-I ¢6 ning
lugng thap hon dang 3D 10-II khoang 0,15 eV.

12-11, Dsh, gAY}
(0,22)

\VAVAVA

13-11, Cav, %Al
(0,33)

14-11, Csv, 'Ai
(0,21)

Hinh 3: CAu truc, d6i xing va trang thai dién tir ciia cac cluster Aun, n =12 — 14. Gia trj trong diu
ngoic don la ning lwgng twong doi (eV) cia chung tinh tai mirc ly thuyet BB95/cc-pVDZ-PP+ZPE

Podng phan 11-II cia Auy; sinh ra tir sy gén
thém mot nguyén tor Au lén 10-I nhung c6 ning
luong cao hon 11-1. Dang bén nhét 11-I ¢6 ciu truc
3D va d6i xtng kha cao (Cy). Dang 11-II ¢6 céu
trac phang nhung d6i xtng thép hon (C;). Pong
phan nay kha bén véi chénh léch ning lugng so véi
ddng phan 11-I chi 13 0,12 eV. Nhu vay, day la lan
dau tién mot cu trac 3D duoc du doan 1a mot cuc
tiéu toan phan ciia Auj;. Nhidu nghién ctru trude
day khong phat hién ra cdu triic nay va cho rang
dang phéng 11-II ¢6 ning luong thip nhit.
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Gan thém mot nguyén tir Au 1én 11-II tao ra
ddng phan 12-II (Hinh 3) c6 dang phang. Dang nay
¢ dbi ximg kha cao (Dsp) va ting duoc du doan 1a
bén nhit ciia Auy, (Assadollahzadeh er al., 2009).
Tuy nhién, trong nghién ctru nay, né dugc xac dinh
la kém bén hon dang khéng phing 12-1 (Ca)
khoang 0,22 eV. Két qua nay phu hop v6i nghién
clru cua Zanti va Peeters (2013), cling nhu cta Li
et al. (2007).

D6i véi cluster Aujs, c6 hai dong phan dugc

tim thay (Hinh 3) trong d6 céu trac khong phglmg
3D 13-1 (Cay) duoc xac dinh 1a bén hon. Hai dong



Tap chi Khoa hoc Truong Dai hoc Can Tho

phén 13-II (Cay) nim cao hon 13-I khoang 0,33 eV.
Trude day, cdu trac 2D 13- timg dugc cong bd 1a
dang bén nhit cia Auys. Trong sb hai ddng phan c6
ning luong thap duoc tim thiy cho Auis, dang Coy
(14-1) ¢6 nang luong thap hon dang Cs, (14-II)
khoang 0,21 eV. Ca hai déu c¢6 céu trac 3D. Nhu
vy, day 1a 1an dau tién trong sd cac ddng phan
ning luong thap khong xuat hién ciu triic phing
2D.

3.2 Do ben cia cac cluster Aun

Pé thu dugc nhimg két qua dinh luong vé do
bén cia cac cluster Au,V, cac tham s6 nhu ning
lugng nguyén ti hoéa (BE), su chénh I¢ch nang
luong béc hai (A’E), va ning lugng phan manh mot
bude (Er) thuong dwoc st dung. Péi voi mot
cluster Au, cu thé, nhiing dai luong trén dugc tinh
dya vao cac phuong trinh sau:

BE = [nE(Au) — E(Au,)]/n

N2E = [E(Attnsy) + E (A1) — 2E(Auy)]

E; = E(Au,_;) + E(Aw) — E(Au,)

trong do E (Au,) 1a nang lugng cua cluster Au,,
0 trang thai co ban.

Su thay d6i ning luong nguyén tir héa theo
kich thudc cua cluster Auy, n = 2 — 14 duge biéu
dién trén Hinh 4. Gia tri BE thu dugc cho Au, (1,13
eV/nguyén tur) kha phu hop véi gia tri (1,10 eV)
duoc du doan trude day va rat gén voi gia tri thuc
nghi¢m 1,15 eV/nguyén tir (Morse, 1986); trong

2,2

BE (eV/nguyén tir)

2 2,01
1,92 1,91
1,85
1,8
1,8
1,62
1,6
1,48

1,4
1.2 1,13 1,14

- B AARRRAR

2 3 9 10 11 12 13 14
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khi d6, phuong phap LDA du doan gia tri BE cho
Au, 1én dén 122 eV/nguyén t (Wang et al.,
2002). Nhin chung, nang lugng nguyén tir hoa BE
thay d6i manh theo kich thuéc cluster. Két qua trén
Hinh 4 cho thiy gia tri ning lugng nguyén tir hoa
BE c¢6 xu hudng tang dan va dat cuc dai tai Aus
(2,14 eV).

Nhu di d& cap o trén, cdu tric tdi wu ciia cluster
Au, tai mot kich thudce xac dinh thuong 1a két qua
clia quéa trinh gin thém mot nguyén tr Au vao
cluster nho hon. Do d6, nang lugng sinh ra trong
qué trinh gin mot nguyén tr Au vao cluster kich
thudc nho hon cé thé duoc xem 13 ning lwong két
hop (embedding energy — EE). Thong s6 ndy ¢ thé
duoc xem la nang luong tach mdt nguyén tir hay
ning luong phan manh thir nhat (one-step
fragmentation energy — Ey), 1a nang lugng cin cung
cap dé tach mot nguyén tir Au ra khoi Au, thanh
Au,.i. Su bién thién ctia ning lugng tich Er theo
kich thudc cluster Au, tinh tai mirc ly thuyét
BB95/cc-pVDZ-PP+ZPE dugc thé hién trén Hinh
5.

Hinh 5 cho thiy céac cluster v6i n chin c6 gié tri
Er cao hon céc cluster voi n 1é. Diéu nay c6 nghia
la twong tac gilta cac nguyén tir Au trong cluster
voi n chdn manh hon n 1é. N6i cach khéc, cac
cluster v6i n chin bén hon n 1é. Trong nhém cac
cluster dugc khao sat thi Aug co gia tri Er cao bat
thudng nén duoc dy doan 1a dic biét bén.

2,14
2,08 2,08

8

14

4 5 6 7
S6 nguyén tu Au

Hinh 4: Sy phu thudc ciia niing lwong nguyén tir héa (BE) theo kich thuérc cluster Aun. Két qua thu
dwoc tai mirc Iy thuyét BB95/cc-pVDZ- PP+ZPE
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Wi
s

2 3 4 5 6 7

8 9 10 11 12 13 14

S6 nguyén tir Au

Hinh 5: Bién thién ning lwgng tich mot nguyén tir (Er) theo kich thudc cluster Aun. Két qua thu dwoc
tai mirc ly thuyet BB95/cc-pVDZ- PP+ZPE

Bén canh cac gia tri BE va Eg, su chénh 1éch
ning lugng béc hai (A’E) ciing 1a mot chi s6 quan
trong dé danh gia d6 bén twong dbi cua cac cluster.
Pic biét, cac dinh trén dd thi cua A’E theo kich
thudce cluster duge xac dinh 1a c6 méi twong quan
v6i phd khéi thuyc nghiém (Baletto et al., 2005).

A’E (eV)

Tuong ty nhu ning lugng tach mdt nguyén ti,
chénh 1éch nang lugng bac hai cua cac cluster Au,
(Hinh 6) ciing bién thién theo qui ludt chin 1é va
Aug 12 hé 6 gia tri A’E 16n nhét (1,48 eV). Ngugc
lai, Au; 14 h¢ kém bén nhét véi gia tri A2E 4m nhat
(-1,38 eV).

2 3 4 5 6 7

8

9 10 11 12 13 14 15

S6 nguyén tir Au

Hinh 6: Bién thién chénh I¢ch niing lwgng béc hai theo kich thuéc cluster Aun. Két qua thu dwoc tai
mitc 1y thuyét BB95/cc-pVDZ- PP+ZPE

Tir nhitng két qua trén cho thiy céc gia tri BE,
E;, A’E clia Au, bién thién theo qui ludt chin 1é.
Cluster v&i sé nguyén tir chin nhin chung bén hon
cluster voi sb nguyén tir 16. Ning lugng nguyén tir
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héa, nang lugng tach moét nguyén tir cling nhu
chénh 1éch ning luong bac hai ciia Aus cao bét
thudng nén trong sé cac cluster dugc khao sat thi
hé nay dugc du doan 1a dac biét bén.



Tap chi Khoa hoc Truong Dai hoc Can Tho

4 KET LUAN

Trong nghién ctru ndy, cdu trac va do bén cua
cac cluster Au, (n = 2 — 14) duge khao sat mot
cach chi tiét bang ky thudt tinh toan DFT. Phiém
ham dugc st dung la meta-GGA BB95 Kkét hop véi
b6 ham co s¢ phi hop-tuong quan thé ning gia cc-
pVDZ-PP. Nhin chung, tit ca céc cluster trung hoa
Au, déu xu huéng thé hién trang thai spin thip &
trang thai co ban. Trang thai electron co ban la
singlet (v6 dong) d6i véi cluster co sd electron
chin (n chin) va doublet (vo mé&) ddi véi cluster co
s6 electron 1¢ (n 1&). V& mat co ché phat trién cau
trac, cac cluster véin =2 — 10 ¢6 xu hudng tdn tai
duéi dang phang 2D; sy chuyén dbi tir cau trac 2D
sang 3D bat dau xay ra tai Aup; va két thic tai
Au14.

Bén canh d0, cac tinh chat ning luong dién
hinh cua cluster nhu nang lugng nguyén tir hda BE,
nang lugng tach mdt nguyén ti Er va chénh léch
nang lugng bac hai AE cling dugc khao sat tai
cung murc 1y thuyét. Két qua tinh toan cho thay do
bén cua cac cluster Au, bién thién theo qui luat
chén 1&; cac hé v6i n chin bén hon cac hé véi n 1é
va Aug 1a cluster dic biét bén. Nhu vay, clu trac
electron anh hudng quyét dinh dén do bén cua cac
cluster vang.

LOI CAM TA

Nhom tac gia xin chan thanh cam on Trung tdm
tinh toan Pai hoc Jackson States, Hoa Ky da cho
phép tac gia sir dung strc may dé thyuc hién nhing
tinh toan trong nghién ctru nay.
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