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TOM TAT

Bai bao nay thyc hién t6i wu hoa cau trac cluster Sil2 pha tap mot nguyén tir As dé xéac
dinh céac isomer c6 ning lugng thip nhit. Phuong phap tinh toan thuc hién 1a phwong phap
phiém ham mat d¢ (Density Functional Theory - DFT) voi phiém ham duogc chon 1a B3LYP,
rat phu hop véi cluster Si. Tir d6, do bén tuong dbi ciia cac isomer ndy va cluster Si thuan
tay dugc danh gia théng qua nang luong lién két. Két qua tinh toan ning luong lién két cua
cluster Si c6 pha tap mot nguyén tir As 1 4,18763 eV so v6i ning luong lién két cia Si thuan
tay 14 4,176797 eV. Piéu nay cho thay cluster Si co pha tap mot nguyén tir As bén hon
cluster Si thuan tay.

T khoa: Clyster Si, phuong phép DFT, cAu trac hinh hoc, cluster Silic pha tap Asen, nang
lugng lién keét.

1. GIOI THIEU

Cluster ctia cac nguyén t6 ban din da va dang thu hut sy quan tAm ciia cac nha khoa hoc
do céc tinh chét vat Iy va hoa hoc dac biét cuia chung [1-2]. Cu thé, cluster Si duoc nghién
ctru nhiéu do s& hitu cac tinh chat c6 thé ing dung cho nganh cong nghiép vi dién tir hién dai
[3-4]. Cac tinh chit cua cluster Si dugc nghién ciru bang ca Iy thuyét va thuc nghiém. Tuy
nhién, do su kém bén vé nhiét cia cluster Si thuin tiy, cac nha khoa hoc da thuc hién pha
tap cac nguyén tir ciia kim loai chuyén tiép dé dat duoc cluster Si bén viing hon. Vi du nhu
cluster MSiy¢ (M = Sc, Ti va V) ¢6 tinh ddi xtmg va bén hon cluster Si thuan tay [5]. Cac
cluster nay ciing da duoc nghién ctru 1y thuyét dé tao thanh cac cdu tric hetero-oligomer bén
vitng ScSij¢-VSije va ScSiye-TiSie-VSiye [6]. Cac nguyén td chinh ciing cho thay dnh huong
dén su bén viing ctia cac cluster Si co pha tap. Anion cluster SigB™ va cation cluster Si;(B" c6
ciu hinh electron thoéa min 16p ngoai cung v&i 40 va 42 electron nén ting do bén cua
chung [7]. Nghién ctru cu tric cta cac cluster Si pha tap C cho thiy céu triic hinh hoc cac
cluster Si,C c6 su khac biét doi chut so vai cluster Si,.; nguyén thuy [8].

Trong cac nguyén t& nhom chinh, Asen (As) duogc quan tam dac biét. As thuoc nhém V
trong khi Si thugc nhom IV, nén As ciing tuong duong nhu anion Si". Tuy nhién, nhiing nghién
clru vé tinh chat dién tir ciing nhu hinh hoc cuia cluster Si pha tap As rat it. Bai bao nay thuc
hién tinh toan cu trac hinh hoc dé x4c dinh cac isomer bén nhit cia cluster Sil2 c6 pha tap
mot nguyén tir As. Sau d6, dé danh gia do bén ciia cu tric nay, ning lugng lién két dugc tinh
toan va so sanh voi ning luong lién két cua cluster Si nguyén thity. Cac két qua nay chinh la
tién dé dé thuc hién cac nghién ciru tiép theo lién quan dén cluster Si pha tap As.

45



Pham Minh Nguyét, Ngé Thi Héng Tam, Binh Nguyén Trong Nghia, Théai Dodn Thanh

2. PHUONG PHAP TiNH TOAN

Tat ca cac tinh toan trong bai bio nay dugc thuc hién bai phuong phap phiém ham mat
do (DFT) vai phiém ham B3LYP va duoc thyc hién boi goi phan mém Gaussian 09 [9].
Phiém ham nay di dugc sir dung rong rii cho céc cluster ctia nguyén 6 silic va mang lai cac
két qua phu hop voi thuc nghiém ciing nhu cac tinh toan c¢6 d6 chinh xéac cao [10]. Nguyén
Minh Tho va ctv cling da thuc hién tinh toan véi nhiéu phiém ham khac nhau cho cac cluster
Si va cho thay phiém ham nay kha pht hop so v&i thuc nghiém [11] va gan nhu c6 thé so
sanh duoc v6i phuong phap chinh xac rat cao 1 coupled-cluster (CCSD) du thoi gian tinh
toan ngin hon [12]. Céac ciu trac hinh hoc ban dau duge khai tao bang mot thuat toan ngiu
nhién cé chon loc [13]. Cac cau tric nay s& dwoc tdi wu héa hinh hoc bang tip co s
B3LYP/6-31G, sau d6 nhiing cau triic c6 ning lugng thip nhat s& duoc téi wu hoa lai 1an niia
v6i cuing phiém ham nhung véi tap co s¢ 1on hon B3LYP/6-311+G(d) dé xéac dinh cau trac
bén. St dung thuat toan nay rt hidu qua trong cac trudng hop tinh toan véi nhiéu nguyén tu
pha tap va cluster c6 sO lwong nguyén tr kha 16n vi trong cac truong hop nhu véy s6 luong
céu trac ban dau rat nhidu. Thuat toan ngau nhién c6 chon loc gitp loai bo dugc cac cau tric
ban dau tring nhau do sy dbi xung khong gian cua cac nguyén tu. Vi vay, thuat toan rat hiéu
qua trong truong hop tinh toan cau trac gom nhiéu nguyén tir, ma s6 luong céu trac hinh hoc
ban dau cta chung kha 16n.

3. KET QUA VA THAO LUAN

Bai bao st dung ki hiéu Sil12As1-0-S2-x tuong g véi cluster gdm 12 nguyén tir Si
pha tap v6i 1 nguyén tir As & trang thai trung hoa, spin S = 2 (doublet) véi x 13 s6 thir tu cac
céu tric ctia Sil2As] d tinh toan. Do s6 lugng dong phan kha 16n nén chi cé cac dong phan
bén nhit (c6 nang lugng thap nhit) duoc trinh bay.

Trong Bang 1, E 1a ning luong cua cdu trac duoc tinh bﬁng DFT véi phiém ham
B?LYP; AE 1a @ chéph léch r}éng l}rqng so v&i nang lugng nhd nhat; E, 1a nang luong lién
ket trung binh cua 5 cau trac bén nhat ctia Sil12As]1.

Bang 1. Nang luong va nang luong lién két trung binh ctia 5 cdu tric bén nhit ciia
cluster 12Si pha tap voi 1As

CAu tric E (eV) AE (eV) E, (eV)
Si12As1-0-S2-14 -155376.7973 0.103770659 4.17964
Si12As1-0-S2-49 -155376.8318 0,069278038 4.18230
Si12As1-0-S2-69 -155376.8889 0.012239686 4,18669
Si12As1-0-S2-144 -155376.8926 0.008541113 4,18698
Si12As1-0-S2-98 -155376,9011 0 4.18763

Do bén tuong dbi cla cac cdu truc ciing ¢ thé duge kham pha trén co so ning luong
lién ket trung binh (E,) (40 hut nang lugng khi lién ket cac nguyén tir riéng 1¢ thanh 1 khoi
cau trac) co thé dugc dinh nghia nhu sau:

12E(Si) + E(As) ~ E(Si124s1)

E,(Sil2As1) = =

12E(Si)— E(Si12) (2)
12

E,(Sil2) =
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Trong d6 E(Si), E(As), E(Si12As1) va E(Sil12) lan luot 1a tong ning lugng ciia nguyén
tir Si, nguyén tir As, cluster Sil2As1 va cluster Sil2 ¢ trang thai co ban. Nang lugng E(Si),
E(As), E(Si12As1) va E(Sil12) cling dugc tinh toan thong qua phuong phap DFT véi cung
phiém ham B3LYP nhu céc cluster trén. E, cang 16n thi ning luong can thiét dé pha v cac
lién két trong cdu triic cang 16n nén cau tric cang bén vig. Dya vao Bang 1, ciu tric
Si12As1-0-S2-98 c6 ning lugng nhé nhat va nang luong lién két riéng 16n nhit nén bén
virng nhit. Vi vdy, c6 thé du doan riang dy Ia cu tric bén nhat cua cluster Sil2 pha tap 1
nguyén tir As. Tuy nhién, cac cau trac khic nhu Sil2As1-0-S2-144, Sil2As1-0-S2-69 va
Si12As1-0-52-49 voi do chénh 1€ch néng lu’ong thdp (< 0,1eV), do d6 cling phai xem xét ky
trong céc tinh toan tiép theo vi phai ké dén sai s6 ctia phép tinh DFT.

Két qua tinh toan con thu dugc dang hinh hoc cua 5 ciu trac Sil2As] bén nhat da nhic
dén o trén (nhu Hinh 1). Dac diém chung vé sy sap xép trat ty cac nguyén tr 6 5 clu trac
Si12Asl bén nhat nay 1a nguyén tir As tham gia vao moi lién két ¢o tinh chét tuong d01 dbi
xtng: ¢6 1 nguyén tir Si nam dbi xumg vo6i nguyén tir As, duong trung tryc cua dudng n01 hai
nguyén tir ndy c6 thé xem 1a truc d6i ximg clia cic nguyén tir Si con lai. Riéng ¢ ciu truc
Si12As1-0-S2-144, nguyén tir As lién két voi 3 cum nguyén tir Si, mdi cum gom co 4
nguyén tir Si lién két voi nhau va 3 cum nay ciing lién két v6i nhau.

Si12As1-0-S2-14 S112As1-0-S2-69

Si12As1-0-S2-144 Si12As1-0-S2-98

_ Hinh 1. Dang hinh hoc ctia 5 cAu tric Sil2As] bén nhit
(xep theo thtr tu d§ bén tang dan tir trai qua phai, tir trén xuong dudi)
véi qua bong xam la nguyén tir Si, qua bong tim la nguyén tir As

Do bén clia Sil2 véi Sil2As1-0-S2-98 duoc xac dinh thong qua ning luong lién két.
Tinh toan dya trén cong thirc (1) va (2) thu dugc:

E, (Si12As1) =4,18763 eV > E, (Si12) = 4,176797 eV.
Nhu vy cluster 12Si pha tap 1As c6 ciu tric bén viing hon Sil2 khong pha tap.

So sanh vé& ciu tric hinh hoc cua Sil2 v6i Si12As1-0-S2-98, ¢ Hinh 2 cho thy sy phat
trlen vé cAu tric tir 12Si cho dén khi gin thém 1As: nguyén tir As gén vao mot vi tri dé tao ra
céu tric co tinh d6i xtng hon.
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Si12 Si12As1-0-S2-98

Hinh 2. Dang hinh hoc cAu tric cua Sil2 va Sil2As1-0-S2-98

Diéu nay cho thdy nghién ciru vé cu triic bén viing cta cluster Sil2 pha tap 1As tré

nén c6 y nghia.

4. KET LUAN

Biang phuong phap DFT, cic cau tric hinh hoc bén ving cua cluster Sil2 pha tap mot

nguyén tr As va nang luong lién két riéng cua ching da dugc xac dinh. Két qua nghién ciru
cho thiy cac ciu truc bén déu c6 tinh ddi xtng va co ning lugng lién két 16n hon cluster Si
thuan tiy. Day 1a budc khai dau cho viéc nghién ctru tinh chat va ing dung cua cac cluster
Si c6 pha tap As.
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ABSTRACT

GEOMETRY STRUCTURE OF Sil2 CLUSTERS
DOPED BY ONE As ATOM

Pham Minh Nguyet, Ngo Thi Hong Tam,
Dinh Nguyen Trong Nghia*, Thai Doan Thanh
Ho Chi Minh City University of Food Industry
*Email: nghiadnt@cntp.edu.vn

In this article, optimization of one-As-atom-doped Sil2 clusters structure was
performed to determine the lowest energy isomers. Computational method carried out in this
article was the density functional theory (DFT) method with the hybrid B3LYP functional,
which is very suitable for the Si cluster. Additionally, the relative strength of these isomers
and the pure Si clusters were assessed by calculating their binding energy. The result showed
the binding energy of Sil2As was 4.18763 eV, whereas the binding energy of pure Si was
4.176797 eV. That means the one-As-atom-doped Si clusters are stronger than the pure Si
clusters.

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