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NGHIEN CUU CAU TRUC VA TiNH BAN DAN CUA MQT SO HE CHUA DI
VONG SILOLE BANG PHUONG PHAP HOA HOC TINH TOAN (Phin 2)

Lé Khic Phuong Chi
Truong Pai hoc Tay Bac

Tom tit: lién ket bcfng phuong phap phiém ham méat d6 (DET) B3LYP vé6i bo ham co s¢ 6-31+G(d,p)
va 6- 311++G(d p). Ket qua nghién ciu trén dwoc so sanh voi hé silole 1, 2, 3 trong nghién ciu Tac gia cong
bo truée ddy va mot 56 cong bé khdc trong nudc va thé gici cho thay chiing la nhitng hé bén, dong thoi cé
tinh béan dan tot sé la mét gidi phdp tiém ndng trong vdt liéu ban dan.

Nhitng cau truc di vong maoi la silole 4, silole 5 duoc chung toi nghién ciru vé cau tric vé do dai lién két, goc

Tir khéa: siloles, phuong phap phiém ham mat d6 (DFT), mitc chénh léch nang lirong LUMO- HOMO.

1. PAT VAN PE

Mot s6 din xuét silole duoc cdc nha khoa
hoc trén thé gidi va trong nudc cha ¥ t6i tir ndm
2005 vi chung c6 nhimg tinh chit khac biét so
voi thiophen chéng han tinh chat truyén tai
electron, tinh chat quang dién va khan nang ban
dan tbt [4]. Vi ‘mong mudn tiép tuc tim ra
nhing cau tric bén dong thoi c6 tinh ban dan
t6t hon so v&i cac nghién ctu trude d6 1am co
sO, dinh hudng cho nhiing nghién thuc nghi¢m
vé vat liéu ban dan, chung t6i tiép tuc nghién
ctru nhitng cau tric méi thu dugc khi gin thém
mot vong silole vao hé ngung tu chira di vong
silole voi benzen (dang dan xuét silole 1) thu
dugc 2 dong phan dang disilolebenzen (dang
dan xuét silole 4 va dan xut silole 5).
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Trong nghién ctru nay, chung toi tién hanh
nghién ctru li thuyét vé: Do bén, do dai lién két,
goc lien két, tinh bién thién ning luong
HOMO-LUMO tir 6 dy doan vé kha ning ban
din ctia 2 dang dong phan nay (silole 4 va

silole 5).

2. PHUONG PHAP NGHIEN CUU

Trong nghién ctu trude chung toi da tién
hanh khao sat cdc phuong phap, bd ham khac
nhau va chi ra rang hé chtra di vong silole cho
két qua gin sat véi thuc nghiém nhét khi
nghién cuu bang phuong phap B3LYP/6-
31+G(d,p) dé toi wu hoa cu trac, tir cau tric da
dugc t6i wu tinh ning lugng diém don, ning
luong HOMO, LUMO theo phuong phap



B3LYP/6-311++G(d,p) [1]. Tat ca cac tinh toan 3. KET QUA NGHIEN CUU
duogc thyc hién bang phan mém Gaussian 09 £ LA

[6], [7], va phim mém hd trg nhu Gaussview, 3-1. Cau trac h¢ silole 4
Chemcraft.

Bang 4. D) dai lién két va goc lién két ctia hé silole 4
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Ning lwong téng: -1105950,57 kcal/mol
Do dai lién két Ao) Goe licn két ()
SilH2 1,486 <H1Si1H2 108,480
SilCé 1,874 <H2Si1C5 112,740
SilC5 1,897 <C5Sil1C6 91,930
S1H3 1,352 <SilC5S1 124,770
S1C5 1,759 <Si1C5C4 107,980
C8C9 1,421 <Si2C8C9 107,190
CoC10 1,398 <C3C9C10 123,980
Ci1C10 1,398 <C3C9oC8 115,550
C1C6 1,421 <C2S2H4 98,280
C6C7 1,398 <C6C7C8 120,630
Ci1C4 1,474 <C7C8C9 119,480
C4C5 1,357 <Si1C5S1H3 179,990
C10H10 1,088 <H3S1C5C4 0,000

3.2. Céu tric hé silole 5

Bang 5. D) dai lién két va goc lién két ciia hé silole 5
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Ning lwong tong: -1105950,11 kcal/mol
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Do dai lién két 0 Géc lien két ()

Si1H8 1,485 < H7Si1H8 108,630
Si1c4 1,880 < H8Si1C9 113,120
Si1C9 1,894 < C4Si1C9 92,030

S1H5 1,352 < Si1C9S2 124,810
S2C9 1,760 < Si1C9C10 107,870
cic2 1,420 < Si1CA4C5 106,940
c2C3 1,405 < C3C2C8 124,460
C3C4 1,394 < C4C5C10 115,620
C4C5 1,420 < C7S1H5 98,250

C5C6 1,405 < C2C3C4 119,970
C5C10 1,472 < C2C1C6 120,120
C7Cs 1,357 < Si1C9S2H6 -179,980
C3H1 1,088 < H5S1C7C8 0,010

3.3. So sdnh d9 bén

Hé silole 4 va 5 1a dong phan ciu tao cua
nhau ching c¢6 cong thuc phan tor la
C10H10S,Si>. Nhung hé silole 5 bén hon hé
silole 4 (ndng luong tong cua hé silole 5 nho
hon niang lugng tong hé silole 4). Biéu nay giai
thich 1a do su lién hop cua hé silole 5 t6t hon
so voi1 su lién hop cua hé silole 4.

3.4. So sanh tinh ban dan

Tinh chét c6 anh hudng truc tiép t6i tinh ban
dan 13 khoang ning luong thudc ving cim cua
cac vat liéu. Khoang cach nang lugng nay dugc
xac dinh thong qua gia tri chénh 1¢ch muc nang
luong HOMO va LUMO (A ELUMO_HOMO) cua
cac hé chéat nghién ctu. Cac két qua vé mic
chénh 1éch nang lugng cua LUMO — HOMO cua
cac hé nghién ctru duoc chi ra trong bang 6 [1].

Bang 6. Bién thién niing lwgng HOMO-LUMO
ciia cac hé nghién ctiru

Dan xuat silole < silole 1 < silole 2 < silole 3
<silole 4 <silole 5

Diéu d6 duoc giai thich 1a do khi dinh thém
mot vong silole vao dan xuét silole 1 lam cho
mat do electron trong vong ting lén dan toi
mirc ndng lugng HOMO téng 1€n; hé lién hop n
trai rong da lam cho muc nang luong LUMO
giam xubng; sy lién hop cua cac lién két
trong dan xuit silole 5 tot hon cac din xuat
silole 4 nén bién thién ning luong HOMO-
LUMO (AELUMO-HOMO) cua dén xuét silole 5
giam xudng thap hon so voi dan xuat silole 4.

Néu so sanh véi mirc ning lugng LUMO-
HOMO cua mét sb vat liéu ban dan duge st
dung phd bién hién nay (Bang 7) co thé du
doan rflng cac hé chira di vong silole 4 va 5 sé
trd thanh vat liéu ban dan day tiém ning.

Bing 7. Bién thién ning lwgng HOMO-LUMO
ciia mét so vat li€éu ban dan pho bién [8][9].

= Mot sb vat AE
A Erumonowo (€V) STTlliu ban dan| M"Yl Ung dung

Silole 4,795 phébien | V)
Silole 1 4,202 Lam c4 h tich

: 1 Si 1110 am cac mach tic
Silole 2 3,979 hop...
Silole 3 3,918 Lam chat nén cho

) cac vat liéu ban
Silole 4 3,627 2| GaAs | 1,420 |din, dugc sir dung
Silole 5 3,370 trong déen LED

Thi tu bién d6i tinh ban dan nhu sau: hong ngoai. ..
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. St dung trong den
SiC 2,300 - 3,000 LED

Str dung trong den
LED xanh, lase
xanh...

GaN 3,440

St dung trong den

BN LED UV

5,960 - 6,360

3.5. DAn xuit dibenzosilole

Dan xuét dibenzosilole da duoc nghién ctu
va bao cdo vao nam 2013 [2], [3]. Dian xuét nay
duogc t6i vu hoa cdu tric, tinh ning luong diém
khong theo phuong phap tinh B3LYP/6-31+G(d,
p) va tinh ning luong diém don, ning luong
HOMO, LUMO theo phuong phap tinh
B3LYP/6-311++G(d,p). Két qua tinh toan cho
thdy din xuat dang disilolebenzen (din xut
silole 4 va dan xuat silole 5) c6 tinh ban dan tét
va phat quang t6t hon so v6i din xudt dang
dibenzosilole.

Bang 8. Céc gia tri ning lwong ciia din xuit

dibenzosilole [2], [3].
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4. KET LUAN

Két qua trong nghién ctu nay cho thay,
trong s6 cac hé vong ngung tu chira di vong
silole v&i benzen va thiophen ma ching to6i
nghién ctru, h¢ silole 5 do c6 mach lién hop n
trai rong Nén co cau triic bén dong thoi tinh ban
dan 14 tt hon ca.
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THEORETICAL STUDY OF THE STRUCTURES
AND SEMICONDUCTIVE PROPERTIES
OF SILOLES BY METHOD CHEMICAL CALCULATION (Part 2)

Le Khac Phuong Chi
Tay Bac University

Abstract: The new structures (silole 4 and silole 5) have been investigated 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 above research results are compared with silole systems 1, 2, 3 in the author's
previously published research and a few other publications in the country and the world. They are durable
systems with good semiconductor properties. They would be a potential solution in semiconductor materials.
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