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Tém tit
Bai bao nay thuc hién t6i uu héa cdu tric cluster Siy, ¢o pha tap nguyén tir As, véi s6 luong
nguyén tiz pha tap la I, 2 va 3 dé xdc dinh cdc isomer cé nang lwong thap nhat. Phuwong phap tinh
toan thuc hién la phwong phdp phiém ham mdt d@é (Density Functional Theory - DFT) Vol phlem ham
dwoc chon 1a B3LYP, rdt phu hop Véi cluster Si. Tir d6, dé bén twong déi cua cac isomer nay va
cluster Si thuan iy dwoc danh gid théng qua ndng lwong lién két. Két qua tinh toan cho thdy Cluster
Siy, khi pha tap 2 nguyén tiz As 1a bén nhdt so véi cluster Siy, thuan tly va pha tap c&c so lieong

nguyén tu As khac.

Tir khéa: Cluster Si, phirong phdp DFT, cdu triic hinh hoc, cluster Silic pha tap Asen, ning

leong lién két.

1. Gi6i thiéu

Cluster cta cic nguyén tb ban dan di va
dang thu hut sy quan tam cua cac nha khoa hoc
do cac tinh chit vat 1y va hoa hoc dac biét cua
chang [2], [4]. Cu thé, cluster Si duogc nghién
ctru nhidu do so hitu cac tinh chit c6 thé ung
dung cho nganh cong nghiép vi dién tu hién dai
[1]. Cac tinh chét cua cluster Si duoc nghién ctru
bang ca ly thuyét va thuc nghiém. Tuy nhién, do
su kém bén vé nhiét cua cluster Si thuin tuy, cac
nha khoa hoc da thuc hién pha tap cac nguyén tur
cua kim loai chuyén tiép dé dat duogc cluster Si
bén vitng hon. Vi du nhu cluster MSiy;s (M = Sc,
Ti va V) c6 tinh ddi xtmg va bén hon cluster Si
thuan tay [6]. Cac cluster nay ciling da duoc
nghién ctru 1y thuyét dé tao thanh cac céu truc
hetero-oligomer bén vitng  ScSie-VSis va
ScSiz6-TiSize-VSiss [5]. Cac nguyén td chinh
ciing cho thiy anh huong dén sy bén viing cua
cac cluster Si co pha tap. Anion cluster SigB™ va
cation cluster Si;oB* ¢6 cAu hinh electron thoa
man 16p ngoai cung véi 40 va 42 electron nén
tang d6 bén ctia chung [7]. Nghién ctru cdu triic
ctia cac cluster Si pha tap C cho thiy cau triic
hinh hoc cac cluster Si,C c¢6 su khac biét d6i chut
so voi cluster Sipsg nguyén thuy [10].

Trong cac nguyén t6 nhom chinh, Asen
duoc quan tam ddc bi¢t. As thugoc nhom V trong
khi Si thugc nhom IV, nén As cling tuong duong
nhu anion Si. Tuy nhién, nhitng nghién ctru vé
tinh chat dién tir cling nhu hinh hoc cua cluster
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Si pha tap As rét it. Bai bao nay thuc hién tinh
toan cdu trac hinh hoc dé xac dinh cac isomer
bén nhat cua cluster Si, co pha tap 1,2 va3
nguyén tur As. Sau do, dé danh gia do bén cua
ciu trac nay, nang luong lién két dugc tinh toan
va so sanh v6i nang luong lién két cua cluster Si
nguyén thay. Cac két qua nay chinh 14 tién dé dé
thye hién cac nghién ctru tiép theo lién quan dén
cluster Si pha tap As.

2. Phuwong phap tinh toan

Tat ca cac tinh toan trong bai bao nay duoc
thuc hién boi phuong phap phiém ham mat do
(DFT) v6i phiém ham B3LYP va duoc thuc hién
boi gobi phan mém Gaussian 09 [3]. Phiém ham
nay da dugc str dung rong rai cho cac cluster cua
nguyén tb silic va mang lai cac két qua phu hop
v6i thuc nghiém cling nhu cac tinh toan c6 do
chinh xac cao. Nguyén Minh Tho va cong su
cling da thyc hién tinh toan voi nhiéu phiém ham
khac nhau cho céc cluster Si va cho thay phiém
ham nay kha phu hop so véi thuc nghiém va gan
nhu ¢6 thé so sanh duoc véi phuong phap chinh
xac rat cao 1a coupled-cluster (CCSD) du thoi
gian tinh toan ngin hon [9]. Cac cau tric hinh
hoc ban dau dugc khoi tao béng mot thudt toan
ngau nhién c6 chon loc [7]. Céc cdu triic ndy s&
dugc t6i wu hoéa hinh hoc béng tdp co sd
B3LYP/6-31G, sau d6 nhiing ciu tric c6 ning
luong thip nhét s& dugc t6i wu hoa lai lan nira
v6i cting phiém ham nhung véi tp co sé 16n hon
B3LYP/6-311+G(d) dé xac dinh cdu triic bén. St
dung thuat todn nay rat hiéu qua trong cac truong
hop tinh toan véi nhiéu nguyén tir pha tap va
cluster co so lwong nguyén tir kha 16n vi trong
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cac truong hop nhu vay sd luong cdu trac ban
d4u rat nhiéu. Thuat toan ngau nhién c6 chon loc
gitip loai bo duoc cic ciu tric ban dau tring
nhau do sy dbi xtng khong gian cia cac nguyén
t. Vi vay, thuat toan rét hiéu qua trong truong
hop tinh toan céu tric gdbm nhidu nguyén tir, ma
s6 luong cdu trac hinh hoc ban dau cua chung
kha lom.

3. Két qua va thio luin

Trong bai bdo st dung ki hi€u Si;pAsc-y
tuong ung véi cluster gdbm 12 nguyén tir Si pha
tap voi x (x =1, 2, 3) nguyén tir As ¢ trang thai
trung hoa, y 1a sb thtr ti cac ciu trac cua cluster
da tinh toan. Do sb lugng dong phan kha 16n, nén
bai bao chi trinh bay cac ddng phan bén nhit (c6
nang luong thap nhat)

Pong phan bén nhit ciia mot ciu trac
cluster dugc xac dinh dua trén nang lugng toan
phin cia dong phan (1a két qua tinh toan ciia
phuong phap DFT). Céu trac ndo ¢ ning lugng
cang thip thi cang bén.

3.1. Cluster SipAs;

Bang 1 trinh bay ning lugng toan phan (E)
cua 4 d@)ng phan bén nhét cua cluster Si;pAs; va
dd chénh léch nang lugng cua déng phan so voi
ning lugng nhd nhit (AE). Qua do, ciu tric
SipAS- 98 c6 nang 1uorng nho nhat vi vay co thé
du doan rang day la cdu truc bén nhit cua cluster
Siy, pha tap 1 nguyén tir As. Tuy nhién, cac ciu
traic khac nhu Si12A51-144, Si12A31-69 va
Si;pAs1-49 v6i d6 chénh léch ning luong thap (<
0,1 eV), do do6 ciing phai xem xét k¥ trong céac
tinh toan tiép theo vi phai ké dén sai s6 cua phép
tinh DFT.

Bing 1. Ning lwong ciia 4 ciu tric bén nhit caa
cluster 12Si pha tap véi 1As

Cau tric E (eV) AE (eV)
Si;pAs;-98 | -155376,90110 0
Si;Asi-144 | -155376,89260 | 0,00854
Si;pAs;-69 | -155376,88890 | 0,01224
Si;,Asi-49 | -155376,83180 | 0,06928

Két qua tinh toan con thu dugc dang hinh
hoc cua 4 cAu trdc Si;pAs; bén nhat d3 nhic dén
& trén: cac nguyén tir Si va As tao ra cau tric gan
nhu d6i ximg nhau qua truc xx’ va c6 dang phan

tang, phia trén la mot tr dién, cac nguyén tir khac
sap xép thanh cac tang phia dudi nhu Hinh 1:
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Hinh 1. Dang hinh hec ciia 4 ciu tric Sij,As; bén
nhat (xep theo thi tw d§ ben giam dan tir trai qua
phai) véi qua bong trang la nguyén tir Si, qua bong
den la nguyén tir As

3.2. Cluster Sij;As,

V&i Cluster SippAsy, 4 ciu tric bén nhat
dugce cho ¢ Bang 2. Két qua cho thiy cdu tric
SipAS,-100 ¢ nang luong nho nhat nén c6 thé
du doan rang day 14 cdu tric bén nhat cua cluster
Siy; pha tap 2 nguyén tir As. Va ¢ Hinh 2 1a dang
hinh hoc cua 4 cAu tric SippAs, bén nhat: cac
nguyén tir Si va As tao ra cdu trac gan nhu déi
xung nhau qua truc xx’; cAu trac SippAs, van ¢o
dang phan téng nhu cic ciu trac SipAs;, hai
nguyén tir As dugc pha tap trong cluster O xu
huéng tao ra cac ddi xtng tét hon truong hop chi
c6 mot nguyén tur. )

Bang 2. Ning lwgng ciia 4 cau tric bén nhit cia
cluster Si;, pha tap véi 2As

Céau tric E (eV) AE (eV)
Si;pAs-100 | -216219,75980 0
SipAsy-167 | -216219,73630 0,02353
Si;pAs-99 -216219,68600 0,07384
Si;pAs,-91 -216219,54250 0,21732
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Hinh 2. Dang hinh hoc ciia 4 cu tric Siy,As, bén
nhit (xép theo thir tu d9 bén giam dan tir trai qua
phai) v6i qua béng tring la nguyén tir Si, qua béng

den 1a nguyén tir As
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3.3. Cluster SippAs; ) ]
Bang 3. Niang lwgng cia 4 cau tric bén nhat caa
cluster Si;, pha tap véi 3As

Céu tric E (eV) AE (eV)
SippAs3-182 | -277061,98120 0
Si;pAsz-95 | -277061,78660 | 0,19459
Si;pAsz-156 | -277061,65190 | 0,32933
Si;pAss-198 | -277061,64570 | 0,33552
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Hinh 3. Dang hinh hoc ciia 4 clu tric SijpAs bén
nhat (xép theo thir ty d¢ bén giam dan tir trai qua
phai) véi qua bong trang la nguyén tir Si, qua bong
den la nguyén tir As

Duya vao Bang 3, cAu tric SijpAss-182 1a chu
tric bén nhat cia Cluster Si12 pha tap 3 nguyén tu
As vi ¢6 nang lugng nho nhat O Hinh 3 duéi
day l1a dang hinh hoc cua 4 cAu trac SippAs; bén
nhét da néi & trén: voi xx* dugc xem nhu 14 truc
dbi xtmg cua cac nguyén tir. Mot nguyén tir As
pha tap thém lam x&o trdn cac cAu tric SipAs,
va lam giam tinh d6i xing mac du van giir dugc
c4u trac phén tang.

3.4. So sanh d¢ bén ciia cac cluster Siy,

Theo két qua trinh bay & trén, da tim duoc
céu triic bén vimng cua Si;pAs,. Bay gio ching ta
s& so sanh do bén cua cluster Siy, thuin tay voi
cac cluster Si;; c6 pha tap As (Si;pAs;-98,
Si12A52-100, Si12A83-182).

D6 bén twong d6i cuia cac cau tric ciing c6
thé dugc kham pha trén co sé nang luong lién
két trung binh (Ep) (d6 hut nang lugng khi lién
két cac nguyén tir riéng 1é thanh 1 khdi cau
tric). Ep cang 16n thi nang luong can thiét dé
pha v cac lién két trong cau trdc cang 16n nén
cau tric cang bén ving. E, c6 thé dugc dinh
nghia nhu sau:
12.E(Si) + x.E(As) — E(Si, As,) (1)

E, (SiioAS,) = e
E (Si,) = 12E(S|)1; E(Si,,) @)
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trong do E(Si), E(As), E(Si12Asy) va E(Siy2) lan

luot 14 nang lwong toan phan cua nguyén tu Si,

nguyén tie As, cluster SijAse va cluster Sipp 6

trang thai co ban. Cac niang luong toan phan

duogc tinh toan thong qua phuong phap DFT véi

phiém ham B3LYP. Két qua thu dugc o Bang 4.
Bang 4. Ning lwong cua Si, As, Siy, dwgc tinh biang

phwong phap DFT

Cautric | Ning lwong toan phan E (eV)

Si -7873,70061
As -60838,05458
Sizp -94534,52888

Tinh toan theo (1) va (2) thu dugc nang
luong lién két trung binh cua cac cluster nhu
Bang 5.

Bang 5. Ning lwong lién két trung binh cia céac
cluster Siy,, SijpAsy, Sllesz va S|12A33 tinh toan véi
cac ciu trdc bén nhit

J Ning lwong lién két trung
Cau truc binh E, (V)

Sip 4,17680
SipAs1-98 4,18763
SileSZ-loo 4,23167
Si;pAs;3-182 4,22734
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S6 nguyén tir As pha tap vao cluster Siy,
Hinh 4. Dd thi biéu dién ning lwong lién két trung
binh caa cac cluster Si;, khdng pha tap va cé pha tap
1, 2, 3 nguyén tir As
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Hinh 5. Dang hinh hoc ciu tric caa Siy,, Si;pAs;-98,
SileSZ -100 va Si12A53-182

Két qua & Bang 5 va Hinh 4 cho thdy: cac
cluster Siy, pha tap As déu c6 céu triic bén viing
hon cluster Si;, khong pha tap va ciu trac cluster
Si;; pha tap 2As 1a bén nhét so véi cluster Sig,
pha tap 1 hay 3 nguyén tir As.

Ngoai ra & Hinh 5 cho thiy su phat trién vé
céu truc tir cluster Siy, thuan tay dén cluster Siy,
gan thém 1As rdi 2As va dén 3As: nguyén tir As

dugc pha vao cluster Siy, thuan tuy s€ tao nén
ciu tric phan ting rd hon; khi pha thém mot
nguyén tir As, cluster Si;pAS; thé hién tinh ddi
xtng o nét; tuy nhién, néu pha tap thém mot
nguyén tir As nita, cAu tric Si;pAss bi giam tinh
d6i ximg va theo tinh toan ciing khong bén bang
cluster Siy; pha tap 2 nguyén tir As.

4. Két luin

Biang phuong phap DFT, cic ciu tric hinh
hoc bén vitng cta cluster Sii, pha tap cac nguyén
tr As va nang luong lién két riéng cia ching da
duogc xac dinh. Két qua nghién ciru cho thay khi
pha tap 2 nguyén tir As vao cluster Siy, s€ tao ra
mot cdu trac bén nhit so v6i cac cach pha tap
khéc va cluster Siy, thuan tay. Day 1a budc khoi
dau cho viéc nghién ctru tinh chat va mg dung
cua cac cluster Si c¢6 pha tap As./.
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GEOMETRY STRUCTURE OF Si;; CLUSTERS DOPED BY ONE As ATOM

Summary

In this article, optimization of Siy, clusters structure doped by one, two and three As atoms was
performed to determine the lowest energy isomers. The density functional theory (DFT) method was
used with the hybrid B3LYP functional very suitable for the Si cluster. Accordingly, the relative
strength of these isomers and the pure Si clusters were assessed by calculating their binding energy.
The results show that the two-As-atom-doped Siy, cluster is strongest compared with the pure Sij,
cluster and Siy, clusters doped by one or three As atoms.

Keywords: Silicon cluster, DFT method, geometry structure, arsenic doped silicon cluster,
binding energy.
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