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NGHIEN CUU CAU TRUC VA TiNH BAN DAN CUA MOQT SO HE CHUA DI VONG
SILOLE BANG PHUONG PHAP HOA HQC TiNH TOAN (Phdn 1)

Lé Khic Phwong Chi, Vi Hiru Viét
Truwong Pai hoc Tay Bdc

Tém tdt: Cau trdc va tinh chdt ciia mét so hé chira di vong silole diroc chiing ti nghién cizu bang
phwrong phdp phiém ham mdt d¢ (DFT) B3LYP Véi bé ham co s 6-31+G(d,p) va 6-311++G(d,p) .

Tir @6, chiing t6i dé xdc dinh cac cdu tric bén va cac chat co tinh ban dan tot. Mét so két qua nghién

Cieu di duwoc S0 s&nh véi s6 lidu thire nghiém cho thdy si phi hop tét.

Tir khoa: siloles, phurong phdap phiém ham mdt dg (DFT), mizc chénh léch nang lwong LUMO-

HOMO.

PAT VAN PE

Trude ddy, vat liéu hiru co thuong dung dé ché
tao OLED, pin mat troi, ... la thiophen va céac
polythiophen. Tir nim 2005, mot s6 dan xuat
silole va mot s6 hé vong ngung tu chira di vong
silole duoc chi ¥ d&én vi ching ¢6 nhiing tinh chét
khac thuong, chiang han tinh chat truyén tai
electron va tinh chat quang dién, diéu d6 xuat
phat tir sy két hop c6 hiéu qua giira obitan phan
lien két sigma o™ ctia nguyén tu silic trong hop
phan silan va obitan phan lién két pi =" trong hop
phan butadien 1am cho ning luong LUMO cua
phan tir silole giam xudng dan dén muc chénh
Iéch nang lugng gita HOMO va LUMO giam [1,
2]. Trong bai bao nay, chiing t6i budc dau nghién
cltu cAc cAu trdc va tinh chat caa mot s hé chira
di vong silole 1am co s& cho nhirng nghién cau
sau hon vé kha ning tng dung cia ching trong

cdng nghé ban dan.
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PHUONG PHAP NGHIEN CUU

Tat ca cac tinh toan dugc thuc hién bang phan
mém Gaussian 09 [5]. Téi uu hoa ciu tric va tinh
nang lugng diém khéng cua hé chat nghién cau
bang phuong phap B3LYP/6-31+G(d,p). T cau
tric da duoc tbi vu tinh nang luong diém don,
ndng lugng HOMO, LUMO theo phuong phép
B3LYP/6-311++G(d,p). Mot sé két qua tinh toan
ciia ching t6i duoc so sanh véi két qua thuc
nghiém cho su phi hop tét.

KET QUA NGHIEN CUU

Cau tric ciia mot sé hé chira di vong silole

- Khao sat phwong phap va bo ham.

Chung tdi tién hanh véi bén phuong phap tinh
toan BLYP, B3LYP, BHandHLYP, PB86 cung
bo ham co s¢ 6-31+G(d,p) va 6-311++G(d,p) dé
tinh nang luong diém don, bién thién ning luong
HOMO-LUMO dbi véi phan tir thiophen, két
qua cu thé duoc trinh bay & bang 1, 2 va 3.
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Tir d6 phuong phap B3LYP/6-31+G(d,p) dugc  dé tinh ning luong diém don, ning luong
dung dé t6i wu hoa ciu tric va tinh ning lwong  HOMO, LUMO cua c4c ciu triic nghién ciu.
diém khéng, bo ham 6-311++G(d,p) duoc chon

Bing 1. Tham s6 cdu triic va bién thién nang lwong HOMO-LUMO ciia phdn ti thiophen véi cdc
phuong phap tinh toan BLYP, B3LYP, BHandHLYP, PB86 cung bé ham co so 6-31+G(d,p) va 6-

311++G(d,p).
Y g\c'lx BLYP| Ae | B3LYP| Ae | BHandHLYP | Ae | BP86| Ae Th-u’C
- nghiém
¢ w
Do dai lién két (A)
S-C1 1,754 10,040 | 1,735 [0,021 1,719 0,005|1,741 (0,027 | 1,714
Cl-C2 1,382 0,012 | 1,370 |0,000 1,357 0,013(1,381 (0,011 | 1,370
Cl-H1 1,089 0,011 | 1,082 |0,004 1,074 0,004 |1,091/0,003| 1,078
C2-C3 1,438 0,015 | 1,431 |0,008 1,425 0,002 |1,43410,011| 1,423
C2-H2 1,092 0,001 | 1,085 |006 1,076 0,015|1,094 {0,003 | 1,091
Goc lien két (°)
<SC1C2 1115 [00 | 1116 | 0,1 1117 |02 [1115]00 [1115
<C1C2C3 1128 (02 | 1127 |01 1125 |01 [1127]01 1126
<C3C2H2 128,6 | 4,4 1240 | 0,2 128,0 38 [124,2 | 0,0 12472
AEnL (V) 4,329 0,901 | 5948 [0,718 8162  [2.932 |4,411 [0,819 | 5,230

Bing 2. Tham s6 cdu triic cia phdn tir thiophen khi sit dung cing phwong phdp B3LYP véi cdc bé
ham co so 3-21+G(d), 6-31+G(d,p), 6-311++G(d,p) va gia tri thuc nghiém

™ Th
- c4 c1 o I_IC

' 3-21+G(d)| Ase 6-31+G(d,p)| Ae | 6-311++G(d,p) | Ase _

@ e nghiém

u t

S-C1 1,735 0,021 | 1,735 0,021 1,735 0,021 | 1,714
C1-C2 1,431 0,061 1,370 0,000 1,370 0,000 | 1,370
Cl-H1 1,085 0,007 | 1,082 0,004 1,082 0,004 | 1,078
C2-C3 1,431 0,008 1,431 0,008 1,430 0,007 | 1,423
C2-H2 1,085 0,006 | 1,085 0,006 1,085 0,006 | 1,091
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<SC1C2 111,6 0,1 111,6 0,1 111,6 0,1 111,5
<C1C2C4 1127 0,1 1127 0,1 1127 0,1 112,6
<C3C2H2 124,0 0,2 124,0 0,2 124,0 0,2 124,2

Bing 3. Bién thién nang heong HOMO-LUMO ciia phan tir thiophen khi sir dung phirong phép
B3LYP véi cac bé ham 6-31+G(d,p) va 6-311++G(d,p)

6-31+G(d,p)

Ag

6-311++G(d,p) Ag Thyc nghiém

AEH-L (eV)

5,961

0,731

5,948

0,718 5,230

Cau truc hé silole va silole 1

Bing 4. D¢ dai lién két va géc lién két ciia hé silole va silole 1

LA
€ C “i ;
silole Silolel
Ning luong téng: -625831,49 Kcal/mol
Do dai lién két(A) | Goc lién két (%) Do dai lién két (A) Goc lien két (°)
Sic1 1,879 [<CI1SiH5 [114,0 |[SilH3 1,485 <H2SilH3 | 108,63
SiH5 1,489 |<H5SiH6 [108,2 |SilC2 1,894 <H2Si1C2 | 112,93
C1c2 1,353 |<C1SiC4 [92,3 |SilC6 1,878 <H3Si1C6 | 114,94
C1H1 1,085 [<SiC1H1 [130,7 |SiH1 1,352 <C2Si1C6 91,83
C2C3 1,487 [<SiClC2 [106,9 |C2S1 1,760 <SilC2C3 | 108,11
C2H2 1,089 [<C2C1H1 [122,4 |cC2C3 1,352 <Si1C6C7 | 107,08
<C1C2C3 [116,9 |cC2s1 1,760 <Si1C2S1 124,51
<C1C2H2 [123,6 |C3C7 1,473 <S1C2C3 127,37
<C3C2H2 [119,4 |C3H4 1,088 <C2S1H1 98,19
c4cl 1,393 <C2C3C7 117,44
C4C5 1,400 <C3C7C6 115,55
C4H7 1,084 <C4C5C6 120,28
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C5C6 1,390 <CACIC8 | 120,56
C5H5 1,086 <C6C7C8 | 119,90
C6C7 1,419 <C8C7C3 | 124,55
C7C8 1,396  kH1S1C2C3 | -0,003
Céu truc hé silole 2 va silole 3
Bing 5. D¢ dai lién két va goc lién két ciia hé silole 2 va silole 3
{ ¢ /{
e\ ca = 5
] : ; ®—cs
£ & a1
c2 & [ =3 \ “,
lU L “]
silole 2 silole 3
Ning luong téng: -827129,08 Kcal/mol Nang lugng tong: -827128,75 Keal/mol
Do dailien két(A) | Goc lién két (°) Do dai lien két (A) | Go lién két (°)
SilH2  [1,483  |<H2SilH6 109,08 |SilH2  [1,483 |<H2SilH6  |08,97
Si1C4 |1,861  |<H2SilC4 11502 |SilC4  [1,867 |<H2SilC4  |15,02
Si1C6 |1,903  |<H6Si1C6 112,92 |SilCl  [1,006 |<H1SilCl  |12,92
S2H3  |1,352  |<C4SilC6  |91,03 | S2H4  [1,352 |<C1SilC4  p2,11
S2C6 1,762  |<SilC6C1 10834 |S2C1  [1,759 |<SilC1C2  |08,03
Cl1C6 |1,352  |<SilCAC5 108,11 |ClC2  [1,352 |<SilC4C3  |05,39
C1C5 |[1,474 |<SilC6S2  [23,94 |C2C3  |[1,463 |<SilC1S2  [24,53
ClH1 |1,087 |<SilC4S1 141,02 |C2H3  [1,086 |<SilC4C6  |42,38
C2H4 [1,082 |<CIC6S2 127,71 |C6H6  [1,082 |<C2C1S2  |27,44
C2C5 |[1,426  |<C1C5C4  [116,37 | C2C3  [1,463 |<C2C3C4  |19,68
C2C3  |[1,369 |<C2C3S1 111,94 |C5C6  [1,369 |<C6C5S1 11,90
C3S1 |1,734 |<C3S1C4 91,96 | C5S1  [1,741 |<C3S1C5 1,07
C3H5 |1,080 |<C4C5C2 113,16 |C7H5  [1,079 |<C4C5C2  |13,16
C4S1  |1,723  tH3S2C6C1 | 0,00 C3S1 1,736 EH4S2C1C2 |0.00
C4C5 [1,387  [SilC6S2H3 180,00 |C3C4  [1,385 [SilC1S2H4 [79,97
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Tinh ban din
Tinh chat c6 anh hudng truc tiép toi tinh ban dan
la khoang ning lwong thudc ving cam cua cac
vat liéu. Khoang cach nang lugng nay dugc xac
dinh théng qua gid tri chénh léch muc nang
luong HOMO va LUMO (A ELumo-Homo) cua
cac hé chat nghién ctu. Céc két qua vé muc
Bdng 6. Nang lwong tong va bién thién ndng
lwong HOMO-LUMO cua cac hé nghién cizu

AEH-L (V)
Thiophen 5,948
Silole 4,795
Silole 1 4,202
Silole 2 3,979
Silole 3 3,918

Tht tu bién d6i tinh ban dan nhu sau:

Thiophen < Silole <Silole 1 < Silole 2 < Silole 3
Qua céac bang s6 liéu trén ta rat ra mot s6 nhan
xét nhu sau:

- Khi gin thém vong benzen hay thiophen vao di
vong silole déu lam ting kha ning ban dan so voi
silole.

- Tinh ban dan cta hé ngung tu chia di vong
silole v6i thiophen (silole 2) tét hon hé ngung tu
chutra di vong silole véi benzen (silole 1). Boi vi
khi gan thém vong benzen hay thiophen déu lam
cho mat do electron trong di vong silole tang lén
nhung di vong thiophen lam cho mét do electron
trong di vong silole ting 1én nhiéu hon. Nguyén

nhan 1a do trong di vong thiophen nguyén tir S co

chénh Iéch nang luong caa LUMO — HOMO cua
cac hé nghién curu dugc chi ra trong bang 9. So
sanh véi mic nang luong LUMO-HOMO cua
mot sé vat lidu ban dan duoc sir dung phd bién
hién nay c6 thé du doan riang cac hé chira di vong
silole sé& tro thanh vat liéu day tiém nang trong
cong nghé ban dan.

cap electron ty do tham gia h¢ lién hop ma do am
dién cua S nhd hon cua Csp2 nén tinh linh dong
cua cdp electron ty do nay 16n hon so véi cap
electron tham gia vao lién két m trong vong
benzen, vi vay di vong thiophen lam cho mat do
electron trong di vong silole ting 1én nhiéu hon
so voi vong benzen. Khi méat do electron trong
vong tang lén lam cho nang luong HOMO ting
lén din t6i bién thién ning luong HOMO-
LUMO giam xudng.

KET LUAN

1. Ba chon dugc phuong phép va bo ham co s&
thich hop dé nghién ctru cdu trac va tinh chét ctia
cac hop chit silole.

2. Két qua tinh toan cua ching t6i duoc so sanh
voi1 thuc nghiém va cho sy phu hop tdt. Cu thé
khi t6i wu héa cdu tric vong silole, cac két qua
vé do dai lién két thu dugc c6 sai s 16n nhét so
v6i thyce nghiém 1a 1,588%.

3. Trong sb cac hé vong ngung tu chira di vong
silole voi benzen va thiophen ma ching to6i
nghién ciru thi h¢ silole3 co tinh ban dan 1a t6t

hon ca.
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A STUDY OF THE STRUCTURES AND SOME PROPERTIES OF SILOLES USING
CHEMICAL CALCULATION METHOD (Part 1)

Le Khac Phuong Chi, Vi Huu Viet
Tay Bac University

Abstract: In this study, the structure and some properties of siloles have been researched using

the density functional theory (DFT) with the generalized gradient approximation at B3LYP level and

the 6- 31+G(d,p), 6-311++G(d,p) basis set. The findings revealed the most stable geometries of the

investigated siloles and their properties such as binding energies, LUMO-HOMO gaps. The findings

of this current study were in line with those published in earlier research.

Keywords: siloles, density functional theory (DFT), LUMO-HOMO gap.
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