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Simulation on terahertz absorption of fluorinated phenylacetylene
biphenyl liquid crystal molecules
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Abstract: Based on the density functional theory, ten kinds of fluoro-substituted liquid crystal deriva-
tive molecules, 4-butyl-4’-[ (4-butylphenyl)acetylene |biphenyl, are simulated using Gaussian09 pack-
age with Opt + Freq optimization type and B3LYP/6-311g basis set. Comparing the substituted
position and number of fluorine atoms, the absorption in terahertz region is discussed. The results
show that the position and number of fluorine atoms can significantly influence the absorption peak
and intensity of the functional groups of the molecule in terahertz region. The absorption of C-H bond

of benzene ring will decrease due to increasing numbers of fluorine substitution on the benzene. Two
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fluorine atoms on the benzene ring will lead to changes in the absorption peak. On the otherhand, the

replacement of fluorine atoms of benzene ring can make the alkynes produce a strong absorption peak

because of the changing of the molecular dipole moment. The simulation result agrees well with the

literature data on the absorption of molecular functional groups. In addition, the calculation result and

the experimental data obtained from literatures in 0.3-3 THz range are also analyzed. In conclusion,

the simulation result can reflect well the absorption of liquid crystal molecule, which can provide ref-

erence for the design and synthesis of related materials.

Key words: fluorine liquid crystal; terahertz; absorption; spectrum; Gaussian simulation

nu\l

1 7]

K#h2%4 (Terahertz, THz) I — M 2 48 61 & 4
FH0.1~10 THz(PEKH 3 000~30 pm) Iy HL %
. EAEHBLUE T b0 B R TR LN R 2
0], 3% 2 2 WL 22 PG F 2% . B T R bR 2%
A AN [r) 50 %) 5 0 FH DA B B il Bl = 7 S il
ERCH AR B ) — A EEIR A Kk
F A 1% 1 e 1R T A A U T e L H
S T 2 A R0 R 2% K S IR RN R BCER I A
KLU , B 5 3 %o 3 4> 400l %) R 8 3 1 2 IR
MEJE R T T IE AR MR 22 A . Bl T 20 ARk
PG F AR RGBSR B R 1 & L x4
s BRI 2 4 /N L KR 2% 0 RS LK g
VAR 1 25 22 000 a5 A8 3 AT DA 7 FR AT 2R 0%
Ry T T =N o A N
R SR RSk Ok W45 AL DL X e
FH AR b T OB 2% UG B AR TN TE 438 15 1 2% 5
AT {EL 33X 5 T (4 3 AR G0 A8 1

TR Y i BRI LA ) 3] 1888 41 B b | AE H)
2P R R IR D LI [ et PR TR T ) LA A B
. W BEARNIE. KERA T DL & 5 k5%
e R ARG BT  E R REAR L
b B AR R TR AE O AR AR U
WA TR AT, L a0 & A W5 B G AR T U T
il A A S T DL S e TR A
TG — S 22 3 B A (W R T A
TR & BoRas eSO E R AT . W
i FE R %% 57 T N A 1 8 i e . )
U, 7 R 2% 10 B3 1 RT R TAE o R 2% 00 11
HL I B AH AR LR B 2% R A DD R A 1) 4
B R 2% A5 TR0 U AR R OB 2K TR A I
AR L AT R SR AR I L R M L

[l W T e =V RSN S P R T G N A
PE L i FL B 2R 1 1] 0 R I R Y 1L 55 A A
e PR A5 e o R T O A 0 1 T B ) Y &y
Stap g B B AR L e R R TR o 2 X
BUEE K I8 W PR BE T SR RORRET (R
SR 4 18 b 22 185 3 TRl P /8 9F 58 Fn 2 T H i
WD TR N I A IO 2 i B — o ) P
FE BT LAIF 90 K bk 4% U B 7 SO 43 B R SO 1
BLIE SEAT I B TAE . HAA — L8505 TARDF Y
B UM b 53~ 76 R 2% 0 Be 189 WA XU S 4
JEH AR AT AT — R BR L E A FE IR
TR 5% A% o S 6 N 15 2 TR, S 3 e A2 ) 4 8 M
&, (AR5 % B R BRI 1R A & R IRATT AT LA
I A f (8 0 # e 5 PR IR IR S
B, Ry SC bR AR LTI A2 2%, Z R4 f
B o U =Ny b7 UK 45 1= AR A - ) i) |
DAFERE T B3 B PN AR 75 W S0 5 4l g L 1 350 A 40
(45 SR HER , 5 ik ] B, TARERR & .

AL LA Y pR S O FE A R R )T
A TS T A S SO AR AT AW E KO 2% D
B MR O3 33X 28 3 - 1 R DU BR P R OR 3R
AR (LMR) B 48 Ry FL il o i 1 FH 360 1 8 4 AN [F)
g E R TR, BT X BIE T U0 & 4
SOEA & QNI EUS' ¥ P &/ R R ]
HE XT3k 2 23 O R E RE AR K b 2% 4 B
49 T I IS 50« R i 4 T B3 45 2R R DG SR 52
BAEAE 0.3~3 THz i B Wl it 45 207

2 3t %

LA R PR A T 5 A) WG = 8] 09 W
P P KAE 1 mm 2] 760 nm Z 6], £LANGTEBE
% VER BIRETEA RN Yl
CLAN G BRS W) T  %W) F4y F Ss WRC— 3 4 1Ok



CEE TERT A < SRR =R

AR 3 T R S IR T SR 5 647

SR T o TR 8 sl UL K IR Bl RE G RN sl g
G BR AT HRI0 21 40 5 4 W i I O B AT A 2 )
JFA LT AN T WA % . 2T A T 3R B 4 N AT 4T Ab
XL AMX RN LT A0 X, B 45 51 ) o 465 44 1)
AR R, RBR2E 0 3 2 e 20 s I
R H IR LT AN X, AR SCHE R I T 40 AR kI E R
KV 437 A %% 0% 3 T P9 7 2 A OO

Gaussian09 42 H #1540 F 71 5 07 i 1R 52 3K
M, B SR/ mYiGae. MY
Z 9T # [ Gaussian 27 2 Xt 4y 7 #E 17 4%
AL B 15 20 47 25 5 B IE T, H g R+
SYATEERY . AR SO TR vk B 4 AE HT I A A 5
rRASEIR T, BT T R R,
% Opt—+ Freq 257 . B3LYP/6-311g 4 11k
T Fas5m 858 T sl s B, X
BG4 BT i1 10 i 3 S80I S AT A2 90 4 - % K
AR 2 U W s DA

A TAE B JE TH R TE bR 25 50 530 [ N - Fl &
T BT A o 145 B AE A I ISR O, DL LR
F] 43 N R 5 AT G R AR G 00, 38 Ao I S KR AR
Wi Mg U Jifr Ak A7 AT 5 55 A DG SCR B R B X LE L 58
WETHRE T R M . SRS LEXT T Chodorow 4§
NI %€/ R

AT SERY 10 Fh 5 U AT AR .
LI LMR 438 JE il 78 L OB R 3R B &R
FUARE e, 5 8 T e 9 BN R A RO
fm o3 DU R 98 9805 19 8 40 6 bk 2% W I
BN SR, BT 1 R, 3R 180
T 03 W 1A (A R S A 5 Sl I o

/N N—oums

)=

LMR

F
o o
F

L3MR

aw— =L @

LM3sR T

5]

\_/ F —
G-do-
e G e
e G S GV
s

B 1 HFBRITR SR 10 For T2ty
Fig. 1 Chemical structure of ten molecules

investigated by simulation
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Tab.1  Dipole moments and moments of inertia of ten

molecules investigated

dipole moment/D I/(g+cm?)
LMR 0.250 2 9.727 6610 *
L3MR 1.628 4 1.131 56 X10~*"
L35MR 1.181 2 1.466 7310~ "
LM35R 2.404 2 1.158 1210~ *
L35M3R 2.963 3 1.416 22X10*
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Fig.2  Molecular absorption spectroscopy of liquid

crystal in 40.2~45 THz region
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Fig.3  Molecular absorption spectroscopy of liquid

crystal in 63~75 THz region
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crystal in 20.25~27 THz region.
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