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Tom tit:

Cic trang thai electron co bin va trang thai electron kich thich ciia cac cluster ScSi,”" dwgc nghién ciru bang phlem
ham B3LYP va phwong phap CASSCF/CASPT2. Trang thadi electron co ban ciia cluster ScSi, 1a'A’ ('A)) thuge dong
phén dang lu’o’ng thap tam glac 1’-(Si,)Sc. Trang thai co ban cia cluster ScSi, 1a ’B, thuoc dong phén dang ludng
thap tam giac #*~(Si,)Sc. Cac dong phan dang phang 1’-(Si,)Sc™ ¢6 niang lu’o’ng cao h(rn cac dong phan dang ludng
thap tam giac »°-(Si,)Sc™. Nang lwgng cia cac qua trinh tach electron ra khéi cluster anion da dwgc tinh toan va
so sanh véi thuc nghlem Tat ca cac day pho trong pho quang electron dwoc giai thich. Qua trinh moé phéng hé s0

Franck-Condon cho thiy cic bwéc tién dao dong ciia cac budc chuyén 'A’—
dang ciia day dau tién trong pho quang electron cua cluster ScSi, .
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Abstract:

The low-lying states of ScSi,™ clusters are investigated with B3LYP
functional and CASSCF/CASPT2 methods. The ground state of the anionic
cluster is the A’ ("A)) of bipyramid #°-(Si,)Sc™ isomer. The ground state
of neutral cluster is the ’B, of bipyramid #*-(Si,)Sc isomer. The planar #*-
(Si,)Sc™ isomers are less stable than the bipyramid #*-(Si)Sc™ isomers.
The electron detachment energies of the anion cluster are calculated and
compared with the experimental results. All features in photoelectron spectra
are interpreted. The Franck-Condon factor simulations for the 'A’—12A’
and 'A’—1?A" transitions within the bipyramid #’-(Si,)Sc™ isomers is in
agreement with the shape of the first band in the spectra.
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1’A’va'A'—

1A" 1a phu hgp véi hinh

Dat van de

Silicon dugc quan tdm nghién ctru
do kha nang ung dung lam vét liéu ban
dan trong cong nghiép vi dién tir [1] va
quang xuc tac [2]. Céc cluster silicon
(hay cum nguyén ti silicon) c6 d6 bén
va tinh chat phu thude rat nhidu vao
kich thudc va céu tric [3]. Cluster kich
thude nho 1a don vi co s¢ dé xay dung
nén cac ciu trac 16n hon. Bang cach
pha tap thém nguyén t6 kim loai chuyén
tiép, d6 bén va tinh chat ciia cluster s&
duoc tang cu’cng [4-6]. Khi pha tap kim
loai chuyén tiép, cac nguyén tir s1hcon
bao boc nguyén tir kim loai chuyén tiép
tao thanh céc cau trac 1ong bén viing
c6 hinh fullerene hay hinh da dién [5,
6]. Cluster silicon pha tap mangan co
momen tir cao [7] va tinh chat quang
t6t [8]. Scandi 1a nguyén t6 kim loai
chuyén tiép don gian nhat véi mot
electron trén orbital nguyén tir (AO hay
atomic orbital) 3d va hai electron trén
AO 4s. Do @6, cac cluster ctia scandi
va silicon dugc xem nhu la truong hop
don gian nhét cua cluster silicon pha
tap kim loai chuyén tiép.



CAu trac cua cac cluster ScSi 70 (n
= 2-6) da duogc nghién ciou bang cac
phuong phap thuc nghiém [9]. Cu thé,
cac cluster ScSi - dugce tao ra bang cach
héa hoi hon hop 2 nguyén t6 Sc va Si
trong moi trudong plasma. Cac cluster
anion duoc chon loc biang khdi phd do
thoi gian bay TOFMS (Time-Of-Flight
Mass Spectroscopy). Sau d6, phd
quang electron cua cac cluster anion
duoc ghi nhan. Phd quang electron
cua cluster ScSi,” dugc ghi nhan véi
photon cé budc song 266 nm va 193
nm [9]. Phé quang electron nay c6 ba
day phd rong v6i cudng do cao tai cac
vi tri 2,57, 3,00, 3,74 eV va mdt day
pho trong ving tir 1,50 dén 2,00 eV
xudt hién véi cudong do rat thép.

Céc phép tinh 1y thuyét di dwoc
thuc hién dé nghién cuou cAu truc va
giai thich phé quang electron cua
cluster thu dugc. Cu thé, 1y thuyét
phiém ham mat d6 DFT (Density
Functional Theory), ccCA-TM [10],
G4 [11], G4(MP2) [11] dugc thyc hién
dé nghién ciru cdu triic hinh hoc, cau
tric electron cua cac cluster silicon pha
tap scandi. O cluster trung hoa dién,
két qua tinh bang phiém ham B3LYP
cho thay trang thai ’B, clia dong phan
dang ludng thap tam giac #*-(Si,)Scla
trang thai co ban [12]. Tuy nhién két
qua tinh bang phuong phap ccCA-TM,
G4, G4(MP2) cho thdy trang thai ’B,
cua dong phan dang ludng thap tam
giac #°~(Si,)Sc™ [13] 1a trang thai co
ban. Céc gia tri nang luong tach mot
electron ADE (Adiabatic Detachment
Energy) va VDE (Vertical Detachment
Energy) cia cluster anion da duogc
tinh bang phiém ham B3LYP [9]. Cac
két qua tinh da dwoc sir dung dé giai
thich day phd dau tién trong phd quang
electron cua cluster ScSi, . Vily thuyét
phiém ham mat do khong tinh duoc
cac trang thai electron kich thich, cac
day phd con lai v6i ning lugng VDE
cao hon van chua dugc giai thich.

Dé giai thich tit ca cac ddy phd
trong phd quang electron, cdu triic
hinh hoc va céu trac electron cia cac
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trang thai electron co ban va kich thich
cua cluster anion va cluster trung hoa
dién can dugc xac dinh. Phuong phap
tinh da cdu hinh CASSCF/CASPT2
da dugc chimg minh 1a thich hop dé
nghién ctru cdu trac hinh hoc va cau
triic electron cua cac cluster chira kim
loai chuyén tiép [4, 14, 15]. Trong
nghién ctru nay, 1y thuyét phiém ham
mat do va phuong phap CASSCF/
CASPT2 dugc s dung dé xac dinh
cAu trac hinh hoc, tan s6 dao dong va
chu tric olectron cua cluster’ ScSi, ™.
Tt cac két qua tinh duogc, tat ca cac
day phd trong phd quang electron cua
cluster ScSi,” thu dugce tir thue nghiém
s€ dugc giai thich.

Cac phuong phap tinh

Cac cluster ScSi4”‘0 c6 cac dong
phan quan trong la dong phan dang
luong thap tam giac ;7 ~(Si,)Sc™
ddi xtmg C,, hay C, dong phan dang
ludng thap tam giac #7*-(Si,)Sc™ véi
dbi xtng C, va dong phéan dang phzfing
1*-(Si,)Sc™véi doi ximg C_. Cac dong
phan nay dugc trinh bay trong hinh 1.
Pé thuan tién cho cac phep tinh hoa
hoc luong tir, nhom diém C, duoc su
dung cho dong phéan dang lu’orng thap
tam gidc #°-(Si,)Sc™.

Céu trac hinh hoc cac dong phan
ctia cluster ScSi,” duogc t6i wu hoa
bang ly thuyét phlem ham mat d6 voi
phiém ham B3LYP véi bo ham co s
def2-TZVP [16]. Phép tinh tan sé dao
dong diéu hoa cua cau trac hinh hoc
t6i wu dugce thuc hién bang phiém ham

ludng thap tam gidc
m~(Sig)Sc ™ (Ca,va C)

luwdng thap tam gidc
n*~(Sia)Sc ™ (C,)
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B3LYP véi bo ham co sé def2-TZVP.
Phiém ham trao déi twong quan lai
ghép B3LYP duoc su dung cho cac
cluster ScSi, ™ vi phiém ham nay di
dugc ching rn1nh pht hop dé nghién
ctru cluster chura scandi va silicon [4,
9, 17]. Céc phép tinh 1y thuyét phiém
ham mat d6 dugc tién hanh véi phan
mém NWCHEM 6.6 [18]. Duya trén
cAu trac hinh hoc, tan sé dao dong,
va kiéu dao dong diéu hoa tinh duoc
bang phiém ham B3LYP, chung toi
tién hanh mé phong cac hé s6 Franck-
Condon bang phin mém MOLFC dé
giai thich d6 rong cua cac diy phd
trong phd quang electron [19].

Trén co s& cau tric hinh hoc di tdi
uu héa, nang luong diém don cia cac
trang thai electron co ban va kich thich
dugc tinh bang phuong phap CASSCF/
CASPT2. Céc phép tinh CASSCF/
CASPT2 duoc thuc hién voi phan
mém MOLCAS@UU 8.0 [20]. Trong
cac phép tinh nay, by ham co s¢ aug-
cc-pwCVTZ-DK va aug-cc-pVTZ-
DK duoc st dung tuwong ung cho Sc
va Si [21, 22]. Céc hiéu ting tuong ddi
dugc tinh dén bang toan tor Hamilton
Douglas-Kroll bac hai [23-25]. Cac
orbital phan todr (MO hay molecular
orbital) trong khong gian hoat dong
cho cac phép tinh CASSCF/CASPT2
duoc lua chon dua trén cac AO hoa tri
3d, 4s cua Sc va AO 3p cua Si. Khi do,
khéng gian hoat dong cho céc cluster
ScSi, ™ bao gdm 12 hoidc 11 electron
phéan bd trong 18 MO. Vi khong gian
hoat dong voi 18 MO 1a qua 16n cho

mat phang
n*-(Sia)Sc™°(C,)

Hinh 1. Cu tric cac dong phan quan trong cta cluster ScSi,~".
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cac phép tinh CASSCEF, nén 3 MO
a0 dugc loai bo khoi khong gian hoat
dong. Két qua hinh thanh khéng gian
hoat dong mdéi véi 12 hoac 11 electron
phéan bd trong 15 MO. Két qua cua cac
phép tinh CASSCF/CASPT2 1a céu
truc electron va nang lugng cua cac
trang thai electron co ban va trang thai
kich thich cta cic dong phan thudc
cluster ScSi, ™.

Keét qua va thao luan

So sdnh d¢ bén twong déi ciia cdc
dong phdn

Ning lwong tuong dbi cho céc trang
thai electron ciia dong phan thudc
cluster ScSi,™ dugc trinh bay trong
bang 1. Tu bang nay, dong phan bén
nhét cua cluster ScSi , dugc xac dinh
la dong phan dang ludng thap tam giac
1n*-(Si,)Sc” voi trang théi electron co
ban 1a 'A" ('A)). Dbi véi cluster trung
hoa dién, trang thai co ban duogc xac
dinh la trang thai °B, cua ddng phéan
dang ludng thap tam giac #*-(Si,)Sc.
bong phan nay c6 trang thai electron
kich thich 1a *B,. Két qua tinh bang
phiém ham B3LYP va phuong phap
CASPT2 cho thdy trang thai °B, c6

nang lugng twong ddi 1a 0,25 va 0,36
eV.

CAu trac hinh hoc va tan sé dao
dong diéu hoa cua cac trang thai
electron thudc cac doéng phan cua
cluster ScSi,” tinh bdng phiém ham
B3LYP duoc trinh bay trong bang 2.
Tir bang ndy, c6 thé thiy ring tit ca
cac tan s6 dao dong didu hoa cua céac
trang thai electron déu co gia tri duong

nén cac dong phan tim dugc trong céc
phép tinh t6i wu hoa hinh hoc déu la
nhitng diém cuc tiéu trén bé mit thé
nang.
Ciu tric electron ciia cdc cluster
Céhu hinh electron cua cic trang
thai electron thudc cac dong phéan khac

nhau cta cluster ScSi,™ dugc trinh
bay trong bang 3. C6 thé thiy rang, két

Bang 1. Nang lugng tuong doi ctia cac cluster ScSi, .

. ) Ning lwgng twong doi (eV)
Pong phan boi xirng Trang thai
B3LYP CASPT2

Ludng thap tam giac 7°~(Si,)Sc” C, A’ 0,00 0,00

G, ’B, 0,34 0,39
Ludng thap tam giac #*~(Si,)Sc” c 'A 0,36 0,30

C,, °B, 0,57 0,70
Mit phang 7°~(Si,)Sc C, A 0,49 0,75

cC, ’B, 0,00 0,00
Ludng thap tam giac #*~(Si,)Sc

C,, ’B, 0,25 0,36

C, A’ 0,11 0,25
Ludng thap tam giac #°~(Si,)Sc

C, ZA" 0,16 0,30
Mit phing 1-(Si,)Sc C, 2A’ 0,34 0,67

Bang 2. C4u tric hinh hoc va tan so dao dong diéu hoa clia cic trang théi electron thujc cluster ScSi,~/° tinh bang

phi€ém ham B3LYP.

Déng phén Tra,n.g Cilu trdc hinh hee () Tén s6 dao dong (cm™)
Gt R, R, R, R, R,
Ludng thap tam gide ’-(Si)Sc-  'A’ 2,538 2,538 2,599 2,599 2375 2,375 183, 183, 251, 300, 305, 330, 332, 389, 451
Ludng thép tam gide 7*-(Si)Se~ B, 2,713 2,740 2348 2,459 125, 188, 211, 272, 275, 279, 323, 437, 454
A, 2,581 2,667 2379 2,705 144, 196, 224, 276, 298, 317, 320, 396, 418
B, 2,569 3,054 2343 2,761 100, 166, 209, 277, 292, 318, 353, 424, 429
Mt phing 7°-(Si,)Sc” AT 2522 2,620 2614 2268 2335 2313 2302 81,135, 193,264,283, 332, 403, 440, 542
Ludng thap tam gidc 7*-(Si)Sc  ’B, 2,695 2,632 2,345 2498
B, 2,541 2877 2344 2839 155, 161, 215, 242, 296, 306, 318, 431, 448
Ludng thap tam gidc 7°-(Si,)Sc AT 2488 2591 2,447 27735 2,607 2347 121, 189, 218, 269, 297, 332, 346, 423, 423
A" 2,635 2,518 2,611 2402 2325 2,460 129, 179, 211, 270, 284, 315, 360, 396, 452
Mat phing 7°-(Si,)Sc A" 2482 2,638 2,594 2234 2380 2311 2273 35,177,228,253,279, 305, 352, 400, 453
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Bang 3. Cau hinh electron va nidng lugng tach electron ADE va VDE ciia cac cluster ScSi,~° tinh béng phi€ém ham

B3LYP va phuong phap CASPT2.

ADE (eV) VDE (eV)
Dong phan Ttrl:‘ ne CAu hinh electron MO & N : S s
al ;ﬁ’ % E % E
& S S
Ludng thap tam giac #*-(Si,)Sc™ 'A"('A)  24a25a"26a"27a" 11a"12a"
PA’  24a™25226a27a" 11a"212a" 27a’ 2,14 238 2,19 2,59 257
Ludng thap tam giac #°-(Si,)Sc
! A" 2422522262272 11a"12a"" 12a" 2,19 2,43 2,19 2,58 2,57
A" 24a™25a26a''27a" 112"212a" 262’ 2,65 2,57
32A’ 24a725a"'26a27a” 112"12a™ 25a’ 3,03 3,00
22A" 2422527262272 112"'12a" 11a” 344 3,00
#A” 24a"25226a27a” 11a"12a" 24a’ 385 3,74
Ludng thap tam giac #*-(Si,)Sc” ’B, 16a’17a,’18a,'9b,'9b,°10b,*3a,*
Ludng thap tam giac ;*-(Si,)Sc ’B, 16a*17a,18a,°9b,'9b *10b,*3a * 18a, 1,69 1,74 1,50 - 2,00
Ludng thap tam gic ;*-(Si,)Sc” 'A, 16a,*17a,’18a,°9b,*9b,210b,3a *
Ludng thép tam gidc '-(Si,)Se B, 16a,217a 2182, °9b '9b,210b 32,2 9b, 1,67 1,83 1,50 -2,00
B, 16a,217a,’18a,"9b °9b,210b,'3a,> 10b, 1,92 2,19 1,50-2,00
Mit phang 7°-(Si,)Sc™ A 28a”29a”30a"”31a"7a"28a"
Mit phang 7°-(Si,)Sc 2A 28a”29a”30a"”31a"7a"28a" 3la’ 1,88 2,05 1,50-2,00
TN@ = Thuc nghiém.
qua tich mot electron tir cic MO 27a" | mot electron tir MO 18a, dén MO 9,.
va 12a” cua trang thai 'A’ thugc dong | Ngoai ra, trang thai >B, ciia ddng phan
phan dang ludng thap tam giac 7°-(Si,) | dang ludng thap tam gidc ;*-(Si,)Sc
Sch lan hZWt tag thanhzcac trang thai | dugc tao thanh tir trang thii °B, bing
’ o " (Y "1 : .
PA"va PA". PA’va A" la hai trang | c4ch tach mot electron ra khoi MO
s A 2 ) T
?i‘l tgilnhhpha}r: iua(itggng’ thalcE Sll)ly 18a,. Trang thdi °B, la ket qua cua vige
ién i i xtn . S . . 284/
_? ’ac ai thuoc dot xung Y Ao loai b6 mot electron ra khoi MO 10b, )
hi€u g Jahn-Teller, su suy bién bac , . A e . ax = 4
o I A cua trang thai 'A . Doi véi cac dong 272 122"
hai cua trang thai °E trong do6i xtng han d hi 1 cluster 7-( Si.) o
LA £ I an dan ang cua cluster 7*-( Si
C,, kém 0n dinh, su bi€n dang cau trtc 1; o in gtph %t et m’?, Mé)
hinh thanh nén trang thi 1A’ va 12A” | 2% »VIEC TSR O CTECTIon 1 A8
— ) ' x . . oAt
trong doi xting C_. Trong cluster chira 31a’s€ tao thanh cdc trang thai °A'.
kim loai chuyén tiép, nang lugng phan Céac MO cua trang thai 'A’ thudc
tach do al}h huong cuavhle_tu ung JahP— ddng phan ludng thap tam gidc 7-(Si,) j’;_
_ \ ’ r ’ )
Teller nho [26, 27]. Na;ng lugr;g phan | g~ thy duge tir cac phép tinh CASSCF ; ;
, ~ I ’ \ " 7 N
?‘Ch gllllla 2 gang tlhal ! Ahva IPA" cua dugc trinh bay trong hinh 2. Gidn do6 254/ 11"
on an dang ludng thap tam giac L 2 z .
X (g_r;s h i 0 ‘;%0 \?t’ b b% cho thay, c6 su t0 hgp rat manh giira
-(Si,)Sc™ nhé hon eV tinh ban , . , Lo
”h“' 4 ham B3LYP o N h’g AO 3d cua Sc va AO 3p ctia phoi tir
iém ham va phuon a . ,
IC)IASPTZ p & phap Si, trong cac MO 24a’, 252/, 26a’, 274,
) 11a” va 12a". Trong khi do, MO 28a’ 4

Céc két qua tinh cho thay trang thai
'A, clia dong phan danﬂg ludng thap tam
giac 7*-(Si,)Sc” c6 thé dugc tao thanh
tr trang thai °B, bang cach chuyén
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¢6 phan dong gop chu yéu cia AO 4s
cta Sc. MO 28a’ nay khong cd electron
chiém, trong khi cac MO con lai déu
¢6 hai electron chiém.

242’
Hinh 2. Gian db nang lugng cac MO
clia trang thai 'A’ thudc dong phan
luéng thap tam giac n*-(Si,)Sc™ thu
dugc tir cac phép tinh CASSCF.
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Gidi thich phé quang electron cua

cluster anion

Ph6 quang electron cia cluster
ScSi,” do véi tia laser c6 nang luong
266 nm duogc trinh bay trong hinh 3 [9].
Phd quang electron cua cluster ¢ ba
diy pho rong véi cuong do cao tai cic
2,57, 3,00 va 3,774 eV
Ngoai ra, ¢c6 mot ddy phd trong

vl tri

vung tir 1,50 dén 2,00 eV v6i cuong
d6 rat thap.

Két qua tinh bang phiém ham
B3LYP va phuong phap CASPT2
cho thay trang thai 'A’ ctia dong phan
dang ludng thap tam giac #°-(Si,)Sc”
la trang thai co ban cua cluster ScSi, .
Khi d6, tit ca cac dic diém chinh cua
phd quang electron cua cluster ScSi,”
dugc giai thich bang cac qua trinh tach
electron tu trang thai co ban nay.

Nang lugng tich  electron
ADE va VDE cuta cac qua trinh tach
electron ra khoi dong phan dang ludng
thap tam gidc #’-(Si,)Sc™ dugc mo ta
trong bang 3. Bang nay cho thay, ba budc
chuyén co ning luong tich electron
VDE nam trong khoang 2,57 eV. Hai
budce chuyén 'A'—12A’ va 'A'—12A"
ung voi qua trinh tdich mdt electron

Gia tri VDE ciia hai budc chuyén
nay tinh bang phuong phiap CASPT2
142,59 va 2,58 eV. Budc chuyén thir ba
v6i VDE khoang 2,57 eV 1a 'A'—2%A.
Trong budc chuyén nay, mot electron
bi tach ra khoi MO 26a’. Nang lugng
tach electron VDE tinh dugc cho céac
budce chuyén dén cac trang thai 12A’,
12A", va 2*A’ déu phu hop véi gia tri
thyc nghiém 2,57 eV. Ngoai ra, két qua
tinh bang phiém ham B3LYP va phuong
phip CASPT2 cho thdy ning luong
tach electron ADE ctia cac budc chuyén
'A'>1?A’ va 'A'—1?A" 1a phu hgp voi
diém bat dau ¢ vi tri 2,19 eV cua day
phd dau tién. Cu thé, voi phiém ham
B3LYP va phuong phap CASPT2, ADE
cta budc chuyén 'A'—12A’ co gia trj
la 2,14 va 2,38 eV. Trong khi d6, ADE
cta budce chuyén 'A'—12A" ¢6 gid tri
1a 2,19 va 2,43 eV. Tom lai, két qua
tinh toan cho thay day phd dau tién bat
dau tai vi tri 2,19 eV trong phd quang
electron 1a két quéa cuia cac bude chuyén
TA'S1PAY, TA'S1PA7, va TA'—522A
thudc dong phan dang ludng thap tam
gidc »*~(Si,)Sc™.

Céc ddy phd thir hai va tht ba tai
cac vi tri 3,00 va 3,74 ¢V duoc cho la

ra khoi cac MO 27a’ va 12a". | két qua cua cac qua trinh tach electron
1Al s 42AI
- 1A/ . 12Al
9 lA/ . 12A//
g lAl - 22Al
o AT — 3247
:8- lAI . 22AII
2| lwveng thap tam giac
= n3-(Siz)Sc”
) Il
00 1,0 20 30

nang lwvong lién két electron (eV)

Hinh 3. Phé quang electron dugc do véi tia laser cé nang lugng 266 nm va cac
qua trinh tach electron ra khéi cac dong phan cia cluster ScSi, .
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tir trang thai 'A’ cia dong phan dang
ludng thap tam gidc #’-(Si,)Sc.
Trong cac bude chuyén 'A'—32A’ va
'A'—22A" mot electron duge tach
ra khoi cac MO 25a’ va 11a’. Nang
luong tach electron VDE cua hai budc
chuyén nay 1a 3,03 va 3,44 eV khi tinh
bang phuong phap CASPT2. Cac gia
tri VDE tinh duogc cho budc chuyén
nay 1a phi hop véi vi tri ciia ddy phd
thi hai ¢ 3,00 eV. Mit khac, diy phd
thtr ba tai vi tri 3,74 eV dugc géan cho
budc chuyén 'A'—42A’ trong d6 mot
electron dugc tach ra khoi MO 24a’.
VDE ciia bude chuyén nay duoc tinh
bing phuong phap CASPT2 1a 3,85
eV. Tom lai, ddy pho thir hai trong phd
quang electron cua cluster ScSi,” 1a két
qué cua cac budc chuyén 'A'—3%A’ va
IA’—22A", trong khi ddy phd tht ba
dugc gan cho budc chuyén 'A'—42A’
thudc cac dong phan dang ludng thap
tam gidc 7°-(Si,)Sc™.

Diy phd c¢6 cuong do thip trong
ving tir 1,50 dén 2,00 eV cua phd
quang electron duoc giai thich bang su
tach electron ra khoi dong phan khong
bén dang ludng thap tam giac #*-(Si 2
Sc™ va dang phang 7°-(Si JSc Két qua
ning lugng twong doi tinh bang phiém
ham B3LYP va phuong phap CASPT2
dugc trinh bay trong bang 1 cho thay
cac dong phan nay kém bén so véi
dong phan dang ludng thap tam giac
n*-(Si,)Sc™. Cu thé, cac trang thai ‘B,
'A,°B, cua ddng phan dang ludng thap
tam giac #7*-(Si,)Sc” kém bén hon trang
thai co ban 'A’ cia dong phan dang
ludng thap tam giac #°-(Si,)Sc™ 0,34,
0,36, 0,57 eV khi tinh bang phiém ham
B3LYP va 0,39, 0,30, 0,70 eV khi tinh
bang phuong phap CASPT2. Ciing
theo phiém ham B3LYP va phuong



phap CASPT2, trang thai 'A’ ciia dong
phan dang phang #7-(Si ,)Sc kém bén
hon trang thai co ban 'A’ ciia dong
phén dang ludng thap tam giac »*-(Si,)
Sc 120,49 va 0,75 eV.

D6i voi dong phan dang ludng thap
tam giac #*-(Si,)Sc’, trang thdi °B, va
'A gin nhu suy bién. Hai trang thai
nay co thé la trang thai ban dau cho
qua trinh tach electron. Theo két qua
trinh bay trong bang 3, néu tach mot
electron ra khéi MO 18a, cua trang
thai *B, s¢ tao ra trang thai °B . Nang
lugng tach electron ADE cuia qua trinh
nay 1a 1,74 eV khi tinh bang phuong
phap CASPT2. Mit khac, qua trinh
tich mot electron tir cac MO 9b, va
10b, ctia trang thai 'A| s€ tao ra cic
trang thdi ’B, va *B,. Néng luong tach
electron ADE cua hai qua trinh nay
lan lugt ¢6 gia tri 1a 1,83 va 2,19 eV
khi tinh bang phuong phap CASPT2.
Két qua tinh bang phiém ham B3LYP
cho thiy, ADE cuia cac budc chuyén
°B,—’B, 'A —’B,, va 'A —’B, thudc
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dong phan dang ludng thap tam giac
7*~(S1,)Sc™ ¢ gia tri 1la 1,69, 1,67
va 1,92 eV. Ngoai ra, ADE cua budc
chuyén 'A’—2A’ thuéc dong phan
dang phing 17*-(Si,)Sc™ co gid tri la
2,05 va 1,88 eV khi tinh bang phuong
phap CASPT2 va phiém ham B3LYP.
Nhin chung, cac gid tri ADE tinh dugc
cho cac qua trinh tach electron cua
ddng phan dang ludng thap tam giac
n*-(Si,)Sc” va dong phan dang phing
17*-(Si,)Sc™ phu hop véi vi tri cia day
phé thir nhit trong vung tir 1,50 dén
2,00 eV cia phd quang electron. Tuy
nhién, d(‘A)ng phan dang ludng thap tam
giac 7*-(Si,)Sc™ kém bén hon so voi
ddng phan dang ludng thap tam giac
1*-(Si,)Sc” nhung bén hon so véi cac
dong dang phang 7°~(Si,)Sc. Do do,
day pho c6 cuong do thap trong ving
tir 1,50 dén 2,00 eV cia phd quang
electron chu yéu 1a két qua cua cic
budc chuyén ‘B,—’B,, 'A,—’B, va
'A —?B, thugc ddng phan dang ludng
thap tam gidc #*-(Si,)Sc™.
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Trong phd quang electron cia
cluster ScSi,", day phé dau tién tai vi
tri 2,57 eV 1a diy phd rong va da dugc
giai thich do su chdng chéo cua cac
budc chuyén 'A'—I12A’, 'A'—12A"
va 'A'—22A’ ctia ddéng phan hinh
ludng thap tam giac #°~(Si,)Sc™ dua
trén ndng lugng tach electron ADE
va VDE. Mat khac, d rong cua day
phd nay con 1a két qua cua cac chudi
dao dong. Két qua mé phong cac hé sb
Franck-Condon cho céc budc chuyén
'A'—1%A" va 'A’—12A" nhu trinh bay
trong hinh 4A va 4B cho thiy cac budc
chuyén nay déu c6 cac chudi dao dong.
Céc chudi dao dong nay 1a két qua cta
viéc thay doi cau tric hinh hoc trong
hai budc chuyén nay. Nhu trinh bay
trong bang 2, cac thong sd cu trac
hinh hoc cua trang thai 'A’ khac biét
rit nhidu so véi cac trang thai 12A’ va
12A". Trong budc chuyén 'A'—12A’,
do dai céc lién két Sc-Si (R, R)) thay
doi tir 2,538 A dén 2,488 va 2,591 A.
Do dai lién két Si-Si R, R, R, R,
R.) thay d6i tir 2,599 va 2,375 A dén

1000
ning luong dao ddng (cm™)

2000 3000 4000

(B)TA" > 12A"

Hinh 4. Mo phong hé s0 Franck-Condon cho cac buéc chuyé’n TA™S>12A" (A) va 'A’>12A" (B) cua d(“;ng phan dang luéng

thap tam giac n*-(Si,)Sc™.
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s Khoa hoc Tu nhién

2,447,2,735,2,607 va 2,347 A. Do dai
cac lién két S-Si va Si-Si (R, R,, R,,
R,, R,, R, va R)) cua trang thdi 1°A"
c6 gia tri tuong ung la 2,635, 2,518,
2,611,2,402,2,325 va 2,460 A. Nhitng
gid tri do dai lién két & day cho thdy co
su khac biét rt 16n vé cu trac hinh
hoc gilra trang thai 'A’ va cac trang
thai 1A’ va 1?°A". Pay chinh l1a nguyén
nhan lam cho cac chudi dao dong xuit
hién day ddc trong qua trinh mo6 phong
cac hé sb Franck-Condon cho cac
budce chuyén tir trang thai 'A’ dén cac
trang thai 1?°A" va 12A".

Céu trac hinh hoc va ciu truc
electron cua cluster ScSi,”” da dugc
nghién ciru bang phiém ham B3LYP va
phuong phap CASSCF/CASPT2. Két
qua tinh cho thy trang thai electron co
ban cua cluster anion dugc xac dinh la
'A" ('A)) thudc ddng phan dang ludng
thap tam giac #°-(Si,)Sc™. Trang thdi co
bin ctia cluster trung hoa dién 1a °B,
thuoc dong phan dang ludng thap tam
giac #*~(Si,)Sc.

Pho quang electron cua cluster
ScSi,” dugc giai thich bang cic qud
trinh tach electron ra khoi trang thai
A’ cia dong phan dang ludng thap
tam gidc 7’-(Si,)Sc”. Cu thé, day
phé tai vi tri 2,57 eV ung véi cac
budc chuyén 'A'—1%A’, 'A'—12A"
va 'A'—>22A". Diy phd tai vi tri 3,00
eV 1a két qua cua cic budc chuyén
IA'—32A" va 'A'—22A". Dy phd
tai vi tri 3,74 eV 1a két qua cua budc
chuyén 'A'—4A’. Dy phd c6 cuong
d6 thp trong ving tir 1,50 dén 2,00
eV cua phd quang electron chu yéu 1a
két qua ctia cac bude chuyén ‘B,—’B,,

'A —?B, va 'A —’B, thuoc dong phan

TAP CHI

HOA HOC

NG NGHE |t Nam 60(1) 1.2018

dang ludng thap tam gidc #*-(Si,)
Sc™. Ngoai ra, qua trinh mé phdng
hé s Franck-Condon cho thiy cac
chudi dao dong cua cac bude chuyén
'A'—1?A" va 'A'>1°A" thudc dong
phén dang ludng thap tam giac #°~(Si,)
Sc™ la phu hop véi hinh dang cta day
dau tién trong phd quang electron ctia

cluster ScSi, .
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