F F IR

RIEL

Article

ACTA CHIMICA SINICA

DOI: 10.6023/A12110861

FRIEERBEREERNE FEMRERAR
TE2E ¥R KR BALT

(e RS MRS AR TILEE B T A= ) 510006)

WE B EZ KBS DFT)IIFT X % (F,, Cly, Bry, L, ICD)1B 745 HH LK 3L i e (PMPSI) I L 1 4584, #F BH&HLYP/6-
31G K B4tk PMPSI, ACHIM S ke %, k% Ltk 45 4% PMPSi JE S A th, BRIt &
VIR RTLR BB B RO ISR . 45 R, s I HUE (HOMO) R RE & LT AR FEANAR, 1 i 25 LI (LUMO)
HIfe PR, BERRIZ ClL>F,>1C1>Br, > L 7 k. LS 7 1 HOMO—1—-LUMO BK3E, 852 & 7Eios it vk
LR, AR G A BRI . AR B HE (NBO)YFLAE 2 M R W WL N LBk 1 0 8. I E gL
IR 22 (BSSE)ES IF J& (FAH HAE I B A —0.61~—3.20 keal/mol, HIBZeAIMIMMEMK, S-OWH0MH HAEM Be#oR. FEiy
WAB I B AP RE BRAAT T F RE RS2, ZWE5T 4 PMPSi FIAN S ST IR LB 18 28 AR 3.

KRR RIS, BN, BERR, TRIBORRE, AT

Halogen Doping Effect on Electronic Structure of Poly(methylphenyl)silane:
a Theoretical Study

Ye, Suyu Peng, Liang Song, Kesheng Gu, Fenglong*

(Key Laboratory of Theoretical Chemistry of Environment, Ministry of Education, South China Normal University,
Guangzhou 510006)

Abstract In order to well understand the halogen (F,, Cl,, Br,, I, ICl) doping effect on electronic structure of
poly(methylphenyl)silane (PMPSi), a theoretical investigation on halogen doped models has been performed using density
functional theory (DFT). The optimized structures of PMPSi are obtained at the BH&HLYP/6-31G* level, and the stagger
conformation is the most stable conformation among three isomers. Halogen doped PMPSi were optimized at the BH&HLYP
level based on the stagger conformation, and the changes of geometry parameters are compared for PMPSi and halogen
doped PMPSi. Furthermore, frontier molecular orbital energies and electronic absorption spectra of halogen doped PMPSi are
investigated. The results show that energy of the highest occupied molecular orbital (HOMO) almost keeps the same when
PMPSi is doped by halogen, but energy of the lowest unoccupied molecular orbital (LUMO) becomes lower, the energy gap
is therefore decreased according to the order Cl,>F,>ICI>Br,>1,. When PMPSi is doped by halogen, electron transition is
assigned to the HOMO —1—LUMO, it leads to red shift of the absorption spectrum of complex, and presents relative strong
absorption peak in visible region. Natural bond orbital (NBO) analyses were performed to study the charge distribution of
halogen doped PMPS], it is found that charge transfer from backbone to halogen in the complex. The interaction energies of
all the complexes which were corrected for basis set superposition error (BSSE) are from —0.61 to —3.20 kcal/mol. The
result what arouse most interest is, the higher polarity of dopant, the larger interaction energy of complex. In addition, the
influence of position of dopant on energy gaps and interaction energies of all complexes is discussed in our present work.
This study is expected to provide theoretical clues and foundation for future research on improving the photoelectric property
of PMPSi.
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# 1 PDMSi (n=3)MIEMSH
Table 1 Selected optimized structure parameters of PDMSi (n=3)
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PDMSi
Method Basis sets
Si—Si/A Si—Si—Si/(°)
Exp® 2325 118.0
BH&HLYP 6-31G* 2359 113.8
6-31+G 2.405 1135
6-31+G* 2377 114.1
6-311G* 2378 113.9
6-311+G* 2378 114.0
6-311+G** 2380 113.1
BLYP 6-31G* 2393 113.8
B3LYP 6-31G* 2374 113.7
BH&H 6-31G* 2328 108.1
PBELPBE 6-31G* 2361 1113
X3LYP 6-31G* 2372 112.8
B3PW91 6-31G* 2368 114.4
ve Ph Mg p"
112.8 1114905/But
6’q ©
s e
Ph Me Ph Me
PSis-iso /SiSiSiSi = 153.3°
e P M
s| 39 Bu-t
ehﬁ)%m S
Me Ph Me Ph

PSiy-syn ZSiSiSiSi = 176.5°

Me
Me Ph Ph
3(9 Bu-t
o106 0110\9
Me Ph Ph Me

PSiy-sta £SiSiSiSi = 180.0°

B 1 BH&HLYP/6-31G*/KF (¥ PMPSi (n=4) =FP A 4411 JLfr]
a5t

Scheme 1 Optimized geometries of three isomers of PMPSi (n=4)
obtained by the BH&HLYP/6-31G*

superposition error)fZ1E, JFHRHfE A i+ BSSE &L IE 5
HIAR HAE T BE AESR, AR B2,

AECP:EAB(AB) _[EAeq(A)+EBeq(B)]+EBSSE (1)
Hrp, Exp(AB) 2 A YIS RE R, Encq(A)ZHAK A [1)5HE
T, Epeg(B)Z AL B IIHEHEE; Epssp /&S MR ZE =4
H/JAE =N

F, c1 A1 Br K 6-311G*HE B4 1 2 fe x4
N, SR AL 2H (lanl2dzdp)> 7, AT o 5548 52 A1) T
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iR LB 1. AR PSig-sta 1) Si—Si K
f£2.380 A, Lt PSis-iso Al PSig-syn ) Si—Si VKA,
Wi 2 AR 2220 S 0.005 A, 0.006 A. X T =Fl5F
FIAK, PSiy-iso A1 PSis-sta FJ Si—Si—Si “F38# A JLFAH
&, 43928 110.9°, 110.6°, 1M PSis-syn #J Si—Si—Si °F
BBt i RAE, B 112.20. =441 Si-Si-Si-Si
AN 153.3°,176.5°F 180.0°, PSiy-iso i & i
A g NS RE S 5K, PSig-syn K2, 1T PSig-sta f
SREORFE 180V T 444, LR N PSiy-sta s Bl — 4
it 807G H AR (W) 07 ) () AH ) BCAR 2, T PSig-iso
PSig-syn #B A2 ARG — Mk ER At AR R 7 17 AR 1R Y
fRIE, PSig-sta (23 ML AR/, A S FERE B/, FRe
5. N T 3D IRAIE PSi-sta JE ek g K%, B =Fh
PGSR SR A B IR B S REEAT LR, Wik 2 o, 16 n
FHIFI, PSi-sta [FIRE AL BART, VLI PSi-sta &5k
SEMIRG. FTLL, AR TH DG T 25 F 2R R e M T
MIvHECR H PSi-sta F%:.

55_59 99 103

Ty 7o

)k 1/2\3/4\5/ 6\7/3

Wy N

55 59 cl—ocI 99103

B
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#* 2 BH&HLYP/6-31G* /K L LB =l 574 AR ) B g 22
Table 2 Comparing total energies of three isomers at the
BH&HLYP/6-31G* level

Eis _Estu/ E;yn _Estu/

" Eufa.u. AEufau. (kcalemol ") (kcalemol ")
4 —2559.060 — 1.192 3.566

5 —3119.955 —560.896 2.003 3.383

6 —3680.850 —560.895 3.904 1.567

7 —4241.746 —560.896 4.326 3.605

8 —4802.640 —560.895 4.665 4.854

9 —5363.536 —560.896 4.604 3.792

10 —5924.431 —560.895 5.710 3.189
“NEgw=E,—E .

{E PSi-sta JEfill DATSURRELC AR IRY), 77560
FEAGEWREE o RUATEIROIR. ik 2 7] %n
PSi-sta IS AEE,—E,- )b n 36K, RIS
2k, (HJE, AE HAE—560.895~—560.896 kcal/mol 1t [#]
WARL, AHZERN. R ENH IR, B PRI E
RWPTOREGEE n=8 N45H, fr4 K PSig-sta. KB
PSig-sta 1455 T 2, Fy, CL HIETFHREDN, B
ZBf Fy, Cly SE AN BN EE I AN RER 2 [7), BEAG
AR, Br, L A ICH S T — i A I 5. LA
T HALE U SR, WE 1R, 2 SRR T

55_99 — 99 103

AT

)k/z 83/4\576\7/8

(R

55 59 I1 156 99 103

"y 4y

%/\3/4\5/3 e
f@ 6 @

B 2 PSis-sta (a), F,@ PSis-sta (b), CLL@PSis-sta (c), Br,@PSis-sta (d), L@PSis-sta ()F1 ICI@PSis-sta (AL
Scheme 2 Optimized geometries of PSis-sta (a), F.@ PSis-sta (b), CL@PSis-sta (c), B,@PSig-sta (d), L@PSis-sta (e) and ICI@PSis-sta (f)
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X AR B Si(1)—Si(2)EEE A Si(1)—Si(2)—Si(3),
DLMEEHE. N 1) rT 4, K545, N Si—Si
KR IR R AR Ak A g K Si(2)—Si(3) Al
Si(5)—Si(6) A KIS, H ClL Al Bry 45 445 K 1
KRR LK. BE K Si(3)—Si(4)#B LB YR )
P R, XRBE, Si—Si KAt 1
AT 0.005 A, BB, Kl 1(b)& Si—Si—Si B
(IS LA L. 2 P o 1 Si—Si—Si 8 L PR RS,
IR 1 B I AE Si(2) 1 Si(6) Iz HE 2 [a], BTLL, FEdEH ]
1 Si—Si—Si B M4 A R AR, 2
Br,@PSig-sta ] Si(3)—Si(4)—Si(5)# i, 5 PSig-sta AH
b, KT 2°0 MWEVER, =B8R PRI
TBELE RIS IR, AR RO RE 4 S aUE 28,
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2.382 @
2.381 -|
2.380 -] /
< j
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% 2377 ] —a— non-doped
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] —<¢— |Cl-doped
23307
2 3 4 5 6 7 8
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113.04 ()
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© 111.5 —<«— ICl-doped
s j
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E 1 PSig—sta %u X@PSig—sm (X:Fz, Clz, Brz, 12, ICI)E@)LTEJ%FI‘QJ%%%&
(a) KA, (b) #M(C)

Figure 1 Optimized geometrical parameters of PSis-sta and X@PSis-sta
(X=F,, Cly, Br,, I, IC). (a) Bond length (A), (b) Bond angle (°)
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B X 2215 4% PMPSI M 8RN, T Z0H5 5 24
REDIR TS50, Ao 79 & ILRERR(E,) & T
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(HOMO) Al A% 25 B i (LUMO) Z R (R fiE B 2= R o, H
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JEn=5~8 M 10 (" E,. WK 2 PR, TEUHIE, K
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R IG5 2 7R 3 A BE B A SCSEAR O BEAl Ll 2% 3
eV, JUAbR R REBIAR L FLE. BB n (IR, E,
BN, 0 PSi-sta (1) Eg )\ 5.04 eV 2L E] 4.67 eV. A
[FIB N E, A AR FRREE RIS, Fy BHRAAPEROR, 175
HLT A8 8858, FTLA F,@PSi-sta 1) E, W/ T CL@PSi-
sta, {HIE, WHI E,ARWHGE, ££ 1.90~2.30 eV 2.
B R TR ARG K, E B, BN .
Br, 1210 Cly K, Bro@PSi-sta 1] E, /T CL@PSi-sta
(1) Eg; L ERRECK, B n=6 4N, L@PSi-sta [f] E, EHTH
BREEW RN, B n=10 I, E, /N2 1.59 eV.
F,, Cl, B, # L # AEM M43 7, ICT @tk 20, w9
R, BAFIREAGERCMERT) E,, WK 2 PR,
ICI@PSi-sta 1) E, {t CL@PSi-sta 1 L@PSi-sta 2 [f],
NICL [FREARAE CL A L 2 ). Bl 4, BRI
I SEm T 55 HI RERS.

—=— non-doped”

2.3+ —e— F,-doped
1 —#A— Cl,-doped
2.2
| —v¥— Br,-doped
2.1 1,-doped
] —<«— |ICl-doped
2.0 1
> ]
e 1.9 ]
1.84
1.7+ Sy
16 Ry
T ’ T . T X T s T ¥ T
5 6 7 8 9 10
n

B 2 PSig-sta Fl X@PSig-sta (X=F,,Cly, Bry, L, ICDFIHEFR(eV )
Figure 2 The energy gaps of PSis-sta and X@PSis-sta (X=F,, Cl,, Br,,
L, ICI) (eV)

® The result of non-doped= (true value—3) eV

AU 2653 7 5008 B BEaE— 20 23 Hr 5% 1 B B sk /s 114 1R
#.OWIRT n=8 WHFEMMATL S THE, WK 3.
TCIB AR ) 2 15 2485 1) HOMO—1 F1 HOMO HE
WARRL, B Si T2 [ 3p PUE LR o PUE.
MBI ) R B 2LEEREZ I LUMO RIfFEAEH
K ZES. KT LB, LUMO £ Z5EH Si JR 11
3p PUBEFIRIM I PUE A p-n*BUE (B n 11
K, LUMO F 2% Si—Si (1) o* KA. Fify i &5 4kt
B LUMO #02 o* 828, F2E sk # 2N p
BB TTIRE). WPUER AT, K #E B A)E, LUMO FIH
T BE 1] g 25 H6 R, LUMO [HIRER R AEPRAG, A IAE
AR/,

33 HMAEEITE

TD-B3LYP J i1t A LB A EBE R 1< R 45 ek
B — B EORE, IR TR f, WO BERIN NI
WA T3 3, R A e T4 S BN B K f
XTI L. N 3 W4, o8 ahtdit PSig-sta 7F 292
nm ZbAT BN I, BRITREA: 4.25 eV, PR¥omEIAE]
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Cl,@PSi,-sta
oo

HOMO-1 HOMO

Bl 3 PSig-sta F1 X@PSis-sta (X=F,, Cl,, Bry, L, ICI) i 2% 4> T8 &l
Figure 3 Frontier molecular orbital contour plots of PSis-sta and X@PSis-sta (X=F,, Cl,, Br, L, ICl)

R 3 PSig-sta Al X@PSig-sta (X=F,, Cly, Bry, I, ICI)[{) 2 — BT ¥ & 7% (f=maximum value)
Table 3 The first singlet excitations with maximum f of PSis-sta and X@PSis-sta (X=F,, Cl,, B, I, ICl)

Structures State  Electron transition f Excitation energy/eV Wavelength/nm
PSig-sta S HOMO—LUMO (80.4%) 0.54 425 292
F,@PSig-sta S, HOMO—1—-LUMO (70.0%) 0.02 2.18 570
CL@PSis-sta S, HOMO—1—-LUMO (70.1%) 0.04 223 557
Br,@PSis-sta S, HOMO—1—-LUMO (70.2%) 0.02 1.95 637
L@PSis-sta S, HOMO—1—-LUMO (70.2%) 0.02 1.93 641
ICI@PSis-sta S, HOMO—1-LUMO (70.0%) 0.02 221 560
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0.54, Fe KIBCRIET S, &, FZE HOMO—LUMO (1)
BRIT, HLOTRRRIAE] 80.4%, T EF L LA i 1 BE )
MR, M FEBAIG, ORI, WK as.
WK fE % CL@PSis-sta, 1C1@PSig-sta, F,@PSis-sta,
Bry@PSis-sta, L@PSig-sta W/, WKIKIE 2.23, 2.21,
2.18, 1.95, 1.93 eV. {HAFREME, HARBUK RETL B
(G 288 gk /S, AER f AT R SRR wk/S, BR T
CL@PSis-sta 1) f 4T 0.04 4, HALK K ZBRESY
(1) f#h 0.02. FrEHBE G IR EBRSIKIT A E
T S, &, FEE HOMO—1-LUMO HIERIE, ik
210 70%, LSBT ART AR FLAT N T BE 1) 1 38 T o
. L E, FIUK REI AL IEH 0T 511, Fa@PSis-sta F1IL
REeL ICI@PSig-sta /)y, X5 E, IBUFAR R, Bh E, )
F)/& HOMO 5 LUMO [MIfigfE 2, MKk AE&E BT
HOMO—1 BRI 2] LUMO F=A: 11, AT 5 [ 5 5 s AT AN
. WE 3 nTLRH 4R MEBAEE AWK G
/D, TE 550~640 nm n WG AR R i, U
J& L@PSig-sta, KW KIER] T 641 nm.
34 NBOitERBEEMHSH

I8 B0 RO e 11 7 55 45 B mT DUIE 52 10 25 1)
522550 BE FEAI% PMPSi [ HEBR. NBO 115 1] LU LA 43
A HA P A B R BE RN 10 25 2 A FAr 4 B 1 . NBO THE
Mg WKW, MEBA)E, BEEE R BOW IE AT, W&
Boalr toii ey, BN BREM AT R B B <% B B
Fy, Cl, Br,, I, fl IC1 # &R HATKIZE 0.022, 0.054,
0.054, 0.055 F110.080. F, [ LS PEAR K, {H & Fo A3 8 1
JGANG KBRS, BTLL, EBE R Fy B RS 1 H a2 d /D 1.
Cl, Bry, L fHHTFMBE RS, (WS KA,
FrAFEE W) Cly, Bry, L B I MLt JLTAHSE. F 485 M ICI
R R 2, UL TES AR A B T i A A R
NBO &5 57 1) R fe e AL RE(E, ) mT AR Bk )
(AH ELAE TSR E D, H iR (donon) Bl @ 5521k
(acceptor) il j 2 1] (1) E, K1, R0A i 55 5 (FAR A
FBEsR, B SREEH TS MmO AW
F,@PSig-sta 1 Cl@PSig-sta 1, 13 PR EAEH,
C(55)—C(59) i Bt LI A5 by oL 7~ i A4K, F(155)—F(156)
(8% CI(155)—CI(156)) [ B G B AE Jy Wi 75244, 53— FfAf
HAEHIE C(99)—C(103) st s it 145 F(155)—

£ 4 iAWY NBO THERATLAEH BEIf 45 2

Table 4 Results of NBO calculation and interaction energy for all complexes

F(156) (8 CI(155)—CI(156)) /. i i 2 5 il
(2R IR VR, o FL SRR B A F o R A,
1 BD(2)C(55)—C(59)—BD*(1)F(155)—F(156) ) E,
1.16 kcal/mol, BD(2)C(99) — C(103)—BD*(1)F(155)
—F(156)/) E,;*J& 1.03 kcal/mol; BD(2)C(55)—C(59)—
BD*(1)CI(155) — CI(156) 1] E,;* & 1.20 keal/mol,
BD(2)C(99)—C(103)—BD*(1)CI(155)—CI(156)] E; >
2.06 kcal/mol. DL ¥ 87w, ks R RSl e ¢
4 CL M KT F,. 3 2&Y) Br,@PSis-sta F
L@PSig-sta, KIWAAFAE—Fp ELFHEAEH, W48
S C(55)—C(59) b BT 7 7 2] Br(155)—Br(156)(Ek
1(155) — 1(156)) Jx % % i& , BD(2)C(55) — C(59)—
BD*(1)Br(155) — Br(156) ] E,;? J& 4.63 kcal/mol,
BD(2)C(55)—C(59)—=BD*(1)I(155)—I(156) [f] E;* &
4.67 kcal/mol. 7EE A ICI@PSis-sta ', T E A A
J& BD(2)C(55)—C(59)—BD*()I(155)—CI(156), X} [1]
EPILH)T 7.15 keal/mol, X B /& NBO TH &5 i K
(9 E,2, BT IC1 ] USSR A YA e v, NBOWFST
FW, HERE S oS A EAE T, RIS B OCHE
fath, H A e b e AR AT 5 e vy S
G AH — 3L

X 4TI T HFE A1 BSSEL BSSE £ 1E 5 A .
YERIfEAET. I\ 4 %0, BSSE £ it 545 Bt ny
SEME, FERE Fo@PSig-sta, BSSE K2 1F J& IRAH T AF FH B
/NT 2.03 kcal/mol. FTLL, ETHEESYIRIA AL B
i REAT BSSE /L IE & 20 221, n=8 I, 4 BSSE £
EJE A HAER BRI A F,<ClL<Br,<L<ICl. AE?
WRHE—0.17, —0.61, —1.31, —1.37, —3.20 kcal/mol.
ATCAE Y, Fy SREREMAR AR BN, rERES 5 S
Br, f1 L AR ELAE L T2 A 55 1), 1IC1@PSig-sta Z54)
A HEAEH fefcR, T M . 45 R WIA BAEH RE
I 55 — et s A BB IR A — 3.
35 PIEMM

BT G T x4 245 2470 8 4 B 1 o, R
T WA RSB A B S EPITE R, A SCGERFIT K 3R
5 PSig-sta fAH Si(8) LRI IMAH HAEA, fr4h
S-P,@PSis-sta (P,=F,, Cl,, Bry, I, ICl), Z5tun& = 3 o
TN, EELCEL T PR LB AB T A IR RE BN AT B A

Complexes Electron donor orbitals (i)

Electron acceptor orbitals ()

E;P/(kcalsmol ") BSSE/(kcalemol ) AE/(kcalemol ")

BD(2)C(55)—C(59)

BD*(1)F(155)—F(156)

1.16

F,@PSig-sta 2.03 —0.17
BD(2)C(99)—C(103) BD*(1)F(155)—F(156) 1.03
BD(2)C(55)—C(59 BD*(1)Cl(155)—Cl(156 1.20
CL@PSis-sta (@)C(5—C69) (HCII55)—CL(156) 1.85 —0.61
BD(2)C(99)—C(103) BD*(1)Cl(155)—Cl(156) 2.06
Br,@PSis-sta BD(2)C(55)—C(59) BD*(1)Br(155)—Br(156) 4.63 1.05 —131
L@PSig-sta BD(2)C(55)—C(59) BD*(1)[(155)—1(156) 4.67 1.72 —1.37
ICI@PSig-sta BD(2)C(55)—C(59) BD*(1)[(155)—Cl(156) 7.15 1.83 —3.20
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B33 S-P,@PSis-sta (P,=F,, Cl,, Bry, L, ICDFL AL 45 1)
Scheme 3 Optimized geometries of S-P,@PSis-sta (P,=F,, Cl,, By, I,
ICl)

K5 S-P.@PSis-sta (P,=F, Cl, Br, I, ICD) i) BEBURIAH FLAE i fiE
Table 5 The energy gaps and interaction energies of S-P,@PSig-sta (P,
:Fz, Clz, Bl‘z, Iz, IC])

Complexes Z;Z:;:er Ey‘/eV E “/eV EgJeV  AE®/(kcalemol ")
S-F,@PSis-sta  0.014 —5.16 —3.11 2.05 —0.24
S-CL@PSig-sta 0.043 —5.21 —3.36 1.85 —1.30
S-Br,@PSis-sta 0.050 —5.22 —3.42 1.80 —1.74
S-L@PSig-sta  0.048 —5.23 —3.49 1.74 —2.06
S-ICI@PSis-sta 0.075 —5.28 —3.21 2.07 —3.74

“ Ey is the energy of HOMO, E|_ is the energy of LUMO.
= 3A
4 énlb

KH DFT JHEREI T 3 3245 4510 5 H LR r e
IR L 7/ Y (AR C YT ESl 0 P/ S o & P At /A Rald =X |
K sgmy, EE R T ATZPE + 1 LuMo, ff
LUMO ¥ s M ERE ) o R P, BERRFAAE. TD-
DFT M8 RY, xEBRE, B TRITHRaOBINS,
FE 1] LG X A R R . NBO 20T R IR, HL AT A
REBEFERL B 32 b, AR, R A 2,
P TR) (AT ELAE A ERSE. AB AN b, R T, IRCR
e, B EREM R PERE, RAIEMT 1, B¢
RRERCE vk, WAt B, 1C1 RO AT,
W 45 2% 300 R DAAE — 52 R P8 L 19 o 4 i) F A0 B A .
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