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Abstract

Geometrical structures and stabilities of the doped Si,M (M = Sc, Y; n = 1-10) clusters were thoroughly
investigated using density functional theory. The geometrical optimizations and harmonic frequency calculations were
performed at the B3P86/DGDZVP level of theory. We found that the doped clusters Si,Sc, Si,Y are less symmetrical
than the pure Sip.; clusters. The ground states of Si,M with n = 2-10 favor the low-spin state (doublet). Analysis of the
growth mechanism found that the substitution rule is strictly obeyed as n < 6 while it is not true for the rest. As n > 6,
the two dopants modified the structures of silicon clusters in various ways leading to many low-lying isomers. The
metal atoms can be substituted to either a pentagonal bipyramidal structure or a trigonal prism or even formed a new
structure. Analysis of energetic parameters including average binding energy, fragmentation energy, second-order
difference of energy, HOMO-LUMO gap indicates that the stability of doped clusters are in general lower than the
corresponding pure Si clusters.

Keywords. Sc-doped Si cluster, Y-doped Si cluster, B3P86, stability of cluster.

1. GIGI THIRU Si,Fe [3], Si,Cu" and Si.V* [4], Si;Mn" [5], Si.Cr [6]
... Theo hiéu biét cua ching tdi, ngoai mot s it
Cluster nguyén tir duoc hiéu 12 tap hop mot dén  nghién ctiu cd lién quan dén cluster silic pha tap Sc va
vai ngan nguyén tir két hop véi nhau mét cach ¢ Y ¢6 kich thuéc nho (n < 6) [7, 8], chua c6 nghién
trat tu tao thanhonhfrng cau trlc hir]h hoc xac dinh.  ctu ndo vé nhitng cluster nay véi kich thudc 16n hon
Mot clusster dien hinh va c6 nhiéu ung dung la  dugc cong bd. Vi vay, trong bai bdo nay ching toi
fullerene Cs tao thanh bai su ket hgp cua 60 nguyén  nghién ctu so sanh ciu trac va do bén cua céc cluster
tar cacbon dudi hinh dang qua bong da. Viéc nghién  pha tap Si,M (M = Sc, Y; n = 1-10) bang phwong
clru cau triic va do bén cua cluster gidp phat hién ra  phap tinh héa hoc lugng ti.
cac tinh chat mai, doc dao caa vat liéu va cé thé dua
ching vao ng dung rong rii trong doi song. Do vady 2. PHUONG PHAP NGHIEN CUU
huéng nghién ciru nay dang thu hat dugc sy quan
tam cua nhiéu nhé} khga hoc trén thé giai. ) bé nghién cuu céc cluster pha tap Si,Sc, SiY (n
Silic dugc biét den la vat lieu hang dau trong = 1-10), ching t6i st dung phian mém tinh héa hoc
nganh cng nghiép ban dan. Trong nhiing thap ki qua, luwong tir Gaussian 03 (phién ban E.01) [9] véi
cluster silic tinh khiét Si, da duoc nghién ctu kha chi  phuong phép phiém ham mat dé hdn hop B3P86 va
tiét ddi véi n < 10 va gan day da mo rong véi kich  bo ham co s¢ hda tri tach doi kiéu Gauss c6 bd sung
thudc 16n hon n = 11-20. Mot sb nha khoa hoc ciing  thém ham phan cuc DGDZVP dé thuc hién cac phép
phat hién ra rang viéc pha tap nguyén to khac vao  tdi uu hoa va tinh tan s6 dao dong didu hoa. Két qua
cluster silic 1am cho ciu tric va do bén cuand cd thé  thu dugc gom cac ciu tric ddng phan cuaa cluster,
thay doi [1]. P& tim ra nhiing cluster méi véi nhitng  tan sb dao dong diéu hoa caa ching.
tinh chat dic biét, chdng ta phai hiéu vé sy hinh thanh Dé danh gia sy phu hop cua muc ly thuyét cho hé
va phét trién cau tric ciia cAc cluster pha tap do. nghién cau, cac s liéu thu dugc khi toi uu cac dime
Hudng nghién ctu vé cluster silic pha tap da thu hat  Si,, SiY, SiSc tai muc ly thuyét B3P86/DGDZVP
duoc s quan tm caa nhidu nhém nghién ctu thuc  duoc so sanh véi thuc nghiém ciing nhu v6i phuong
nghiém va ly thuyét trén thé giéi, vi du nhu Si,Cr [2],  phap khac da dugc st dung. Déi véi dime Si,, d¢ dai

11



TCHH, 54(1), 2016

lien két r = 2,27 A; tan s6 dao dong w. = 495,53
cm™; niang luong lién két E, = 3,17 eV xap xi véi cac
gia tri thu duoc tir thuc nghiém (r = 2,25 A; .=
509+10 cm™va E, = 3,21 eV [8]. Pime SiY c6 E, =
2,24 eV cing kha phu hop véi thuc nghiém E, =
2,63+0,18 eV. Cluster SiSc c6 r = 2,50 A; E, = 2,22
eV khé gan véi phuong phap B3LYP/6-311+G(d) da
duoc cong bé trude d6 r = 2,520 A va E, = 1,925 eV
[8]. Nhu vay, phuong phap B3P86 vdi b ham co s&
DGDZVP c6 thé duge xem l1a muc |y thuyét tin cay
va phu hop véi hé nghién cau.

Céu trac dong phan ban dau cua cluster pha tap
Si,M duoc xay dung bang cach thay thé mot nguyén
tu Si trong cluster Siy.; hodac cong thém mot nguyén
tr pha tap vao cau tric cua cluster Si, tinh khiét da
dugc chi ra tie nhitng nghién ctu trude day [10, 11].

3. KET QUA VA THAO LUAN

3.1. So sanh déng phan bén cua cluster Si,Sc va
SinY (n =1-10)

Sau khi t6i wu hoa hinh hoc cia c4c ciu tric dong
phan khac nhau va tinh tan s dao dong diéu hoa dé
khang dinh chiing 1a cac cuc tiéu cuc b trén bé mat
thé ning, chung toi tinh ning luong tuong d6i cua
cac dong phan so vaoi dong phan c¢é ning luong thip
nhat va sip xép cac dong phan theo thir tu ning
luong twong d6i ting dan (ang véi do bén giam
dan). Hinh 1 va hinh 2 liét k& mot sé dong phan cé
nang luong thap nhét cua céc cluster Si,Sc, Si,Y (n
= 1-10) twong ung. Vi mdi cluster Si,M, cac dong
phan duoc ki hiéu la M-na, M-nb, M-nc,... theo do
bén giam dan, trong d6 dong phan M-na la dong
phan bén nhét (1a cuc tiéu toan phan trén bé mat thé
nang). Nhom diém dbi xing, trang thai electron va
nang lugng tuong di (theo eV) cia mdi dong phan
cling duoc chi ra bén canh ki hiéu dong phan. Cau
tric cua cluster Si nguyén chat lay tir cac tai ligu
tham khao [10, 11] duoc chi ra trong hinh 3 dé thuan
lgi cho viéc so sanh vai cluster pha tap.

Trwong hop n = 1-6:

SiM la nhitng dime c6 déi ximng C.,, va bén nhit
& trang thai quartet “=". Si,M déu c6 trang thai co
ban 1a ?B, véi ciu tric tam giac can. CAu tric nay
hinh thanh bang céch thay thé nguyén tir Si trung
tAm cua tam giac can Si; bang nguyén tir Sc. Déi véi
SisM chiing t6i thu dugc 3 ciu tric bén cho ca hai
cluster pha tap, trong d6 cac ciu tric dang thoi
phiang M-3a vaM-3c c6 duoc bang cach thay thé
nguyén tir Sc vao cac vi tri caa hinh thoi Si,.

Céu tric M-3b tao thanh bang céch cong nguyén
tir Sc 18n mit tam giac Sis kém bén hon. Bac biét véi
Si,M, chiing toi tim duoc 2 dong phéan 6 ning
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Sc-1a (C.; Sc-2a(Cy;  Sc-3a (Cyy; Sc-3b (Cs;
70,000  °By; 0,00) ’A,; 0,00) A’ 0,46)
Sc-3c (Cyy; Sc-4b (Cay; Sc-5a (Cs;
*By; 0,46) ’A;; 0,08) ’A’; 0,00)
e
VW =7
—
Sc-5b (Cs;  Sc-5¢ (Cay; Sc-5d (Cs; Sc-6a (Coy;
A 0,29) %A 1,12) ‘A’ 1,16) ’B,; 0,00)
Sc-6b (Cg; Sc-6¢ (C; Sc-7a (Cy; Sc-7b (Cy;
2A; 0,00) ’A; 0,07)
A
R

G,

Sc-7c(Cs;  Sc-8a(Cy;  Sc-8b(Ca;  Sc-8c (C;
°A’;0,10)  °A;0,00) 2A; 0,01) ’A; 0,02)
Sc-9a (Cy; Sc-9b (Cy; Sc-9c (C;;

’A; 0,00) 2A; 0,01) ’A; 0,07)

Sc-9d(Cai U HR ScdOb(Cy o
2A . 0 17) (Clv Aa 2A. O 05) (CZV: BZa

1 0,00) o 1,09)

Hinh 1: M6t s6 dong phan bén nhét cua
SipSc (n =1-10)

luong rat gan nhau duoc tao thanh bang céch thay
thé vi tri mat ngang (horizontal) va mat thiang dung
(vertical) cua ludng thap tam giac Sis boi Sc tao
thanh céc ciu tric C,, va Cy, twong tng. Su khac
nhau Vvé niang luong cua 2 dong phan do ddi voi
Si,Sc va Si,Y chi c6 0,08 eV nén chung déu duoc
xem |4 cc cau trdc bén nhat. Chung t6i tim dugc 4
ddng phan cé niang lugng thip cho SisSc va 3 dong
phan cho SisY. Tt ca cac ddng phan déu duoc hinh
thanh nho sy thay thé nguyén tir pha tap vao cau trac
bat di¢n cua Sie. Su ton tai nhiéu cau trac dong phan
twong tw nhau chang té tinh linh dong (fluxionality)
cta cau tric Sig van dugc giit lai trong cac cluster
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pha tap nay. Pong phan bén nhat cua SigM (M-6a)
duoc xay dung bang céach thay thé 1 nguyén tu Si
trong cau tric ludng thap ngii giac cua cluster Siy
(Dsy) bang nguyén tir Sc. Ngoai ra, cau tric M-6b
v6i dang bat dién ciing co6 nang luong kha thap,
Sc-6b chi cao hon Sc-6a véi 0,01 eV, con Y-6b cao
hon Y-6a véi 0,17 eV.

Nhu vay, ddi voi n < 6, tinh toan cua ching toi
khing dinh cdu trdc bén nhat cua Si,Sc va Si,Y
tuong tu nhau nhu di dwoc cong b trong cac nghién
ctu trudce day [7, 8]. Bac biét, chung t6i da phan tich
quy luat hinh thanh ciu tric caa ching va thay rang
Sc va Y wu tién thay thé vao mét vi tri trong cluster
Si nguyén chat. Nhiéu dong phan méi duoc tim ra dé
ching minh quy luat do.
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Y-9d (C;; Y-10a(C;;  Y-10b (Cy;  Y-10c (Cy;
’A; 0,07) ’A;0,00)  2A;0,08) ’A; 0,20)
Hinh 2: Mot s dong phan bén nhét cia Si,Y
(n =1-10)
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Trwong hop n = 7-10:

D6i voi nhitng cluster ¢6 nhiéu nguyén tir, rat
nhiéu dong phan dugc tim thay trén bé mit thé ning,
vi thé ching toi chi chon ra mot sé dong phan cé
nang luong thap dé thao luan.

Ching toi tim duwoc 3 ddng phan ning lugng
thap cho Si;Sc va 4 dong phan cho Si;Y. Cac dong
phan nay duoc hinh thanh bang céach thay thé Sc vao
mét vi tri cua Sig tao thanh cau tric c6 dang bét dién
(nhu Sc-7b, Y-7d), hoac gitr dang ludng thap ngi
giac cua Si; va nguyén tir pha tap thay thé vao mot
vi tri cua ludng thap do6 (nhu Sc-7a, Y-7b, Y-7c)
hodc xay dung cau tric méi nhu Sc-7c, Y-7a. Pang
cha y 1a cac dong phan cua Si;M c¢6 ning luong rat
gan nhau, sy khac nhau vé niang luong cua ching
nho hon 0,04 eV, vi thé ching rat c6 thé duoc tim
thiy dong thoi trong thi nghiém tao cluster tir chim
tia nguyén tir.

Dbi vai SigM, sé dong phan co ning lwong thap
duoc tim thiy cho SigSc va SigY twong ung 12 4 va
3. Pdng phan c6 niang luong thip nhat cua SigSc
(Sc-8a) c6 dang ludng thap ngi giac véi Sc & mot
dinh cua ludng thap, cua SigY (Y-8a) cd dang bat
dién v6i Y ¢ dinh. Pong phan duoc tao thanh tir su
thay thé nguyén tir Sc vao cau tric C,, cua Sig déu
bén ddi voi ca hai cluster: Sc-8b co ning lugng
tuong ddi 0,01 eV, con Y-8c kém bén hon dong
phan bén nhat 0,06 eV.

oo & «f» A

Si, Sig Siy Sis
(Dun; °%))  (Dani°By) (Do *A)  (Dan; 'Ar
Sig Siy Sig Sig
(Coi 'A)  (Dsni *Ar) (Do 'AY) (Cavi *A)

Silo(?av; 1A1)‘ . Sin(Coy; 1A1)
Hinh 3: Cau tric bén nhat cia Siy.; (n = 1-10) [10, 11]

Cluster SigM cua hai chat pha tap nay ciing co
cac dong phén tuong tu nhau va do bén cua cac dong
phan tuong d6i gan nhau. Dang tru tam giac da tro
nén bén nhat trong cac cau tric Sc-9a, Y-9a. O kich
thuéc nay, dang ludng thap ngili giac van chiém wu
thé trong cac cau tric bén cua cluster pha tap (nhu
Sc-9b, Sc-9c¢, Y-9b, Y-9d). Cau tric méi tru tu giac
léch c6 d6i xting cao Cy, ciing twong d6i bén (Sc-9d,
Y-9c). Do bén cua 3 ddng phan thip nhat caa SisSc
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chi khac nhau 0,07 eV nén chung déu duoc coi la
dong phan bén nhat hay cliing ton tai. Twong tu Véi 4
ddng phan cua SiY.

Cluster SiySc va SiyY déu c6 2 dong phan co
nang luong kha gan nhau (khac nhau < 0, 1 eV). Mac
du déu co dang try tam giac nhung cau trdc cua
ching khéng gidng nhau. Chang han, ciu tric bén
nhét Sc-10a cua SiyeSc gidng vai Y-10¢ (ning lugng
tuong dbi 0,20 eV) cua SiyY. Pang cha y, khi n =
10 thi bat dau xuat hién cau trdc 16ng Sc-10c cua
SijpSc V6i ning lugng twong ddi 1a 1,09 eV. Phat
hién nay cho thay can phai cha y dén cau tric long
khi nghién ctru cac cluster Si,Sc ¢ kich thudc 1on
hon. Tuy nhién cac cau tric long khéng bén ddi voi
Si,Y, diéu nay la do ban kinh cia Y 16n hon Sc nén
nguyén tir Y chua thé bén trong 1dng Siyo.

Nhu vay, khi n > 6, cac cluster Si;M (M = Sc va
Y) c6 thé ton tai & mot s6 ddng phan bén ma ning
lwong cua ching chi khac nhau chwa dén 0,1 eV.
Nguyén tir pha tap Sc van uu tién thay thé vao mot
vj tri trong cac dang cau tric co ban cua cluster silic
nhu ludng thap ngii giac cua Si; hay tru tam giac cua
Si. Ngoai ra, cac cau tric méi khong theo dang cua
cluster silic nguyén chét ciing duoc tim thiy voi
ning lwong thip. N6i cach khac kha niang hinh thanh
cau trac cluster khi pha tap Sc va Y vao silic 1a rat
da dang.

3.2. Khao sét va so sanh d¢ bén caa cluster Si,Sc,
SiyY véi Siyeg (n=1-10)

DPé khao sat @6 bén cua cac cluster pha tap,
chung tdi tinh toan mét sb théng sé nang lwong cho
dong phan bén nhit nhu: ning lugng lién két trung
binh E,, nang luong phan li lién két E;, bién thién
ning luong bac hai A’E va ning luong ving cim
AEy.L. Pdng phan bén nhét cua cluster Si,M (M =
Sc, Y; n = 1-10) duogc ky hiéu M-na nhu trong hinh
1 va 2. Céc gia tri nang luong duogc tinh dua trén
nang luong tong da duoc hiéu chinh béi ning lugng
diém khong (zero-point energy, ZPE).

3.2.1. Néang liwong lién két trung binh

Niang luogng lién két trung binh (E,) cua cluster
Sine1, SipSc va SinY duoc tinh theo cong thac sau: E,
= [NE(Si) + E(M) — E(Si,;M)]/(n+1). Trong d6 M =
Si, Sc, Y twong ung; E(X) 1a ning luong tong. Sy
phu thugc niang luong lién két trung binh cua cac
cluster Siny, SinSC va Si,Y vao kich thuéc (sé
nguyén tir) duoc thé hién trong do thi & hinh 4.

D6 thi hinh 4 cho thiy nang luong lién két trung
binh cua cac cluster Siy., Si,Sc va Si,Y ¢6 cling sé
nguyén tir khd gan nhau, chung t6 viéc pha tap
nguyén tir Sc, Y vao cluster Si, khong 1am thay ddi
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dang ké do bén trung binh cua ching. N6i chung
nang luong lién két trung binh E, cua céc cluster déu
tang khi kich thudc cluster tang. Ddi véi cac cluster
c6 s6 nguyén tir < 7, viéc pha tap cac nguyén ti Sc,
Y ¢6 phan lam giam d6 bén cua cluster pha tap so
vai cluster Siy.; Nguyén chat, ngoai trir viéc pha tap
nguyén tar Y vao cluster Sis 1am cho do bén cua
cluster SisY gan nhu khong thay d6i so véi Si. Khi
sb nguyén tir trong cluster > 7, viéc pha tap nguyén
tar Sc, Y hau nhu khong lam thay d6i do bén trung
binh so véi cluster nguyén chat Sin.; c6 cing sb
lwong nguyén tir. Piéu nay co thé co hai ly do, thir
nhét 12 cau tric cua Si,M tuong tw cau tric cia Sy,
thtr hai 1a ¢o 4m dién caa Sc (1,3) va Y (1,2) khéng
khéc nhiéu so véi Si (1,8) nén khong tao ra su khac
nhau dang ké trong d6 bén lién két hoa hoc.
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Hinh 4: Sy phy thugc cua nang luong lién két
trung binh caa Sip.1, SiSc va Si,Y vao kich thuréc

3.2.2. Nang luwong phan ly

Pé danh gia kha nang tach nguyén tu Sc, Y hoic
Si ra khoi cluster Si,Sc, SiyYva Sin.1, chlng toi tinh
nang lugng phan ly trong cac qua trinh sau:
SipM — Si, + M En
SlnM - Sin_lM + Si Ef2
Nang lugng phéan ly cho cac qua trinh trén dugc
tinh theo cdng thuc:
Esx (SipM) = E(M) + E(Si,) — E(Si,M)
Er (SinM) = E(Si) + E(Si,.1M) — E(Si,M)
Trong d6 M = Si, Sc, Y; E(X) la ning luong tong.
Hinh 5 cho thdy ning lugng can thiét dé tach
nguyén tu pha tap M (M = Sc hoac Y) tu cluster
Si,M néi chung nhé hon nang lugng tach mot
nguyén tir Si tir cluster d6. Piéu nay cho thay lién
két Sc-Si n6i chung la kém bén hon so voi lién két
gitra cac nguyén tu Si. Diéu nay giai thich nguon
gdc cua sy giam lién két trung binh khi pha tap Sc
hodc Y nhu khao sat ¢ trén.
Mat khéc, véi cung gid tri n, Eq(Si,Sc) nho hon
En(SinY) nén co thé noi viéc tach Sc d& hon tach Y
ra khoi cluster. Piéu d6 cho thiy lién két Si-Y néi
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chung kém bén hon Si-Sc. Két qua nay c6 thé duoc
ly giai dya vao twong quan ban kinh nguyén tu: sy
khac nhau vé ban kinh nguyén tir gitra Si (1,1 A) va
Sc (1,6 A) nhé hon gitra Siva'Y (1,8 A).

—=—Si+Si,
——Sc+8i,
——Si+Si Sc
- -Y +Si)
~-#--Si+ Si Y

5,01

» Rl b o
o (6] o o
1 1 1 1

Ning lugng phan ly (eV)

N
()]
1

»
=}

2 4 6 8
S6 nguyén ti trong cluster (n+1)
Hinh 5: Sy phu thudc nang lugng phéan ly cua
Sins1, SinSc va SiyY vao kich thuéc

3.2.3. Bién thién nang lwrong bdc hai

D¢ danh gia do bén twong dbi cua cac cluster
trong cung ddy, chung t6i tinh bién thién nang luong
bac hai A’E theo cong thuc:

A’E(n) = E(SinsiM) + E(Sin1M) — 2E(Si,M)
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Hinh 6: Sy phu thudc cua bién thién ning lwong
bac hai cua Sinsy, SinSc va SinY vao kich thuée

Két qua cua su phu thudc bién thién ning luong
bac hai vao kich thuéc cluster nhu & hinh 6. Bién
thién nang lugng bac hai cua cluster co gia tri duong
cho biét cluster nay bén hon hai cluster bén canh va
nguoc lai.

Bién thién nang lugng bac hai cua cluster nguyén
chat trong hinh 6 phl hop véi nhiing nghién ciu
trudc day vé do bén dic biét cua cluster Si; va Sy,
cu thé nhiing cluster tao ra nhiing dinh nhon trén d6
thi (nhing diém hinh vudng trong hinh).
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Duya va db thi ta thay céc cluster SisSc, SisY bén
hon so vai cac cluster cung loai ¢o6 kich thudc Khac.
Diéu nay phi hop véi thong tin thu dugc & cac muc
3.2.1 va muc 3.2.2. Cu thé, dbi voi cluster SisSc,
nang luong tach 1 nguyén tir Si bang 4,73 eV, 16n
nhat trong cac cluster Si,Sc, va nang luong tach
nguyén tir Sc ciing kha 16n va bang 3,88 eV.

3.2.4. Néang lwrong ving cém HOMO-LUMO

Céc obitan bién cua phan tir gém obitan bi chiém
cao nhat (HOMO) va obitan khéng bi chiém thap
nhat (LUMO) Ia nhitng obitan quyét dinh khi cac
phén tir tham gia phan ng hoa hoc. Do vay su khac
nhau vé ning luong giita ching, goi 1a ning lugng
viing cdm AE,. 1a mot chi s6 dé danh gia kha ning
phan ung. Sy phu thugc cua gié tri AE,. cua céc
cluster Si,Sc, Si,Y va Si.1 vao kich thuée duoc chi
ra trong hinh 7.

Nhin chung, ning lwong ving cim cua cluster
pha tap nho hon réat nhiéu so vai cluster Siy,; tuong
tmg. Diéu nay cho thiy khi pha tap nguyén tir Sc, Y
vao cluster Si, da lam tang kha nang phan ung cua
cluster va muc @6 anh hudong cua Y 1én hon so vai
Sc. Ning luong ving cam giam dong nghia véi tinh
kim loai tang. Khi pha tap mdt nguyén tir kim loai
vao cluster silic lam cho tinh kim loai cua cluster
tang 1én 1a didu d& hiéu. Do tinh kim loai cua Y 16n
hon Sc nén sy pha tap Y lam giam nang lugng vung
c4m manh hon sy pha tap Sc.

Hinh 7 ciing cho thiy ning lwong ving cdm cua
cac cluster SisY (1,73 eV) va SisSc (1,85 eV) I6n
hon so véi cac cluster khac cung day. S6 liéu d6 mot
lan nira khang dinh d¢ bén tuong ddi cua cac cluster
nay so véi cac cluster co6 kich thudc khac.

w
Il

/ FM{K\ -
, V4 .

——3Si,
—e—SiSc
2{ /N —a-SiY
A
" A L
/ NS /"1\3 ra—
N
A - ¥ -
-

Nang luong viing cim HOMO-LUMO (eV)

-

8 10 12
S6 nguyén tir trong cluster (n+1)

Hinh 7: Sy phu thugc ciia nang lugng ving cam
AEy.. cua Siyg, SipSc va SiY vao kich thuée

4. KET LUAN

- Cluster Si,Sc, Si,Y (n = 2-10) wu tién ton tai &
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trang thai c6 spin thap (doublet). 3.

- Khi n < 6, dong phan bén nhat cua cluster

Si,Sc, SipY dugc tao thanh boi sy thay thé mot
nguyén tir pha tap vao cau truc cta Sipsy. 4.

- Khi n > 6, kha niang hinh thanh ciu trdc cluster

khi pha tap Sc va Y vao silic 1a rat da dang, nguyén

tir pha tap ¢6 thé thay thé vao mo-tif ludng thap ngii
gidccua Si; hay try tam giac cua Siy hoic co thé
hinh thanh cau triic hoan toan méi. Va ching cé thé 5.
ton tai & mot s6 ddng phan bén ma ning luong cac
ddng phan chi khac nhau chua dén 0,1 eV.

- Khi pha tap Sc va Y vao cluster silic gy nén 6.

d6 bén cluster giam, kha nang phan ung tang, ning
lugng vung cam giam. Nhitng tinh chat nay mo ra
trién vong cho cac nghién ctru tim kiém vat lisu msi 7.
tiép theo.

Loi cam on. Cong trinh’ duoc hoan thanh dudi sy
tai tro- cua Quy Phat trién tha hoc va Cong ngh¢ 8.
Quoc gia (NAFOSTED), ma so 104.06-2013.06.

TAI LIEU THAM KHAO 9.

1.

Beck S. M. Study of Silicon Cluster-Metal Atom 1q
Compound Formation in a Supersonic Molecular
Beam, J. Chem. Phys., 87, 4233 (1987).

Khanna S. N., Rao B. K., Jena P. Magic Number in 14
Metallo-Inorganic Clusters: Chromium Encapsulated

in Silicon Cages, Phys. Rev. Lett., 89, 016803-0168
(2002).

Lién hé: Nguyén Tién Trung
Khoa Héa hoc, Phong Thi nghiém Héa hoc tinh toan va Mé phong

Truong Dai hoc Quy Nhon
S0 170, An Duong Vuong, Quy Nhon, Binh Binh
E-mail: nguyentientrung@qnu.edu.vn.

16

. Li S. et al

Nguyén Tién Trung va céng s

Ma L. et al. Growth Behavior and Magnetic
Properties of Si,Fe Clusters, Phys. Rev. B, 73,
125439 (2006).

Ngan V. T. et al. Disparate Effects of Cu and V on
Structures of Exohedral Transition Metal-Doped
Silicon  Clusters: A  Combined Far-Infrared
Spectroscopic and Computational Study, J. Am.
Chem. Soc., 132, 15589-15602 (2010).

Ngan, V. T. et al. High Magnetic Moments in
Manganese-Doped Silicon Clusters, Chem. Eur. J.,
18, 15788-15793 (2012).

Abreu M. B., Reber A. C., Khanna S. N. Does the 18-
Electron Rule Apply to CrSiy»? J. Phys. Chem. Lett.,
5(20), 3492-3496 (2014).

Xiao C. et al. Comparative Study on the Interaction
of Scandium and Copper Atoms with Small Silicon
Clusters, J. Phys. Chem. A, 106(46), 11380-11393
(2002).

Xiao C. et al. Silicon Clusters Doped with an Yttrium
Metal Atom Impurity, Int. J. Quantum Chem., 96(4),
416-425 (2004).

Frisch, M. J. et al. Gaussian 03 (Revision E.01),
Gaussian, Inc., Wall (2008).

Sis-Si; Experimental and Theoretical
Infrared Spectra, Chem. Phys. Lett., 243, 275-280
(1995).

. Haertelt, M. et al. Gas-phase Structures of Neutral

Silicon Clusters, J. Chem. Phys.,
(2012).

136(6), 064301



