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Fig. 1. (a) Comparison of calculations and experimental res-
ults about 5CB; (b) comparison of calculations and experi-
mental results about MBBA.
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Fig. 3. Molecular absorption spectroscopy at 0—5 THz.
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Table 1.  Atom mass of each component of 16 molecules.

NCS/ Benzene/ NCS+ Benzene/ Cyclohexane/

NCS+ Benzene + C,H,,,1/ Cyclohexane + C,H,,,/

nCHBT gmol!  gmol! g-mol ! g-mol ! Cyclohexane/g- mol ! g-mol ! g-mol !
0CHBT 58 76 134 82 216 1 83
1CHBT 58 76 134 82 216 15 97
2CHBT 58 76 134 82 216 29 111
3CHBT 58 76 134 82 216 43 125
4CHBT 58 76 134 82 216 57 139
5CHBT 58 76 134 82 216 71 153
6CHBT 58 76 134 82 216 85 167
7CHBT 58 76 134 82 216 99 181
S8CHBT 58 76 134 82 216 113 195
9CHBT 58 76 134 82 216 127 209
10CHBT 58 76 134 82 216 141 223
11CHBT 58 76 134 82 216 155 237
12CHBT 58 76 134 82 216 169 251
13CHBT 58 76 134 82 216 183 265
14CHBT 58 76 134 82 216 197 279
15CHBT 58 76 134 82 216 211 293

116102-4


http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

¥ 1B ¥ Acta Phys. Sin.

Vol. 68, No. 11 (2019)

116102

I
ol .
6L

%l 6

Fig. 6. Calibration of mass distribution and center of gravity
for ICHBT.

1CHBT )43 it it 73 75 FIE O A B AR

3.2 HEEXHHERITLL

Chodorow 55 M AT SLER I T 0.3—3.0 THz
W B (n = 3—12)CHBT 43 F MO, & 7 %F
Fo T 10 4 SEB A SR A AL T S i )
o R e N, RIEHSCHE, FATH o 65 et
W R A2z 1) Ay — Ak ih 2. i TS gl £ At
TR RSO B AN ], S0 s ) B S AT R
B, M ESE R FOE WO A RS, SEgn 4l
RN E45 S 1% W WA e {1 o A ) o) {1 L B A
B, RAFEONEEAN A 73 AT I Y Ik, Rt
R T ITERT EFOULER, AT TR A R A B A T
(O

WL E T RS L, AT LA S g AT

AR R 45 B kR 178 fF 0.3—0.8 THz 22 [alit
TR 3] g i A S S ) S A A A L S
T 3 B I P R A R A TR B A A b
hnmisEn, AHRAE 1.7 THz ZJ5, WS IT 4G 1 B
W, KR4 B RHER A S HE R W i L TG TR AR
0.5 THz 445 45 5 B S A W il | 76 22 i A — 86
B .

S 2 AE AR BLUEAEAR /D, TEX A B, A7
PLA> T2 18] i S0 (N—H) 5540 B4R HIZE W i
Al AT, AN R SRR 232540 5 53
(i) Fr SRR A ARLI . B4R T P9I Bl - s BRATE DL
s A TS - FR VRSB A1 20y JIT X6 1 P R S 4
P R B4, DRI R A 0 S T 2 S XfE LA AR B
T R MAC 1) e 25 ) A LA AR A B . ) 3 i,
SN i R T SR A I SR, R TR A
FAT SR AT kR AN S o Bk, A —
BB IE 4R B LU AME A, i 51 A A LD AR
JUT A DA TR LA 35 X A SO % 81 R A e . ) — T T, FERS
FESIR F AR AE 300 K % B R A B0 FAR A
WA 8T 2 [ A ELAE L, IR SV i 1 T 3
AAREL. AT B A 0 (R R TR A i PR Bl R
IE, XA R M AT X W WA i J3E A DR, i R A e
[EE T

3CHBT 4CHBT 5CHBT 6CHBT 7CHBT
55 55 55 55 55
z — Exp. 2 — Exp. P — Exp. 2 — Exp. = — Exp.
B= —— Cal. B= ——Cal. | 3 ——Cal. | Z ——Cal. | Z —— Cal.
g 44 g 44 g 44 g 44 g 44
el el 2 e el
Z 33 3 33 2 33 7 33 g 33
~ ~ ~ ~ ~
g g o g g
) 15} 3 15} 3
E 22 ﬁ 22 *a 22 ﬁ 22 ﬁ 22
= = - = -
o o o I 9
211 21 2 1 2 11 2 1n
< < < < <
0 0 0 0 0
0.3 1.2 2.1 3.0 0.3 1.2 2.1 3.0 0.3 1.2 2.1 3.0 0.3 1.2 2.1 3.0 0.3 1.2 2.1 3.0
Frequency/THz Frequency/THz Frequency/THz Frequency/THz Frequency/THz
8CHBT 9CHBT 10CHBT 11CHBT 12CHBT
55 55 55 55 55
— Exp. — Exp. — Exp. — Exp. — Exp.
£ 4| — cal £ . —cal £ ul—cal £ ul—cal £ — Cal
2 44 ak 2 44 ak 2 44 : S 44 : ‘E 44 :
= = = =] =
% 33 % 33 2 33 % 33 % 33
~ ~ ~ ~ ~
g g g g g
5 22 5 22 =22 3 22 5 22
o joN o o o
= = - = =
o o o o 9
2 11 2 11 2 11 2 11 2 11
< < < < <
0 0 0 0 0
0.3 1.2 2.1 3.0 0.3 1.2 2.1 3.0 0.3 1.2 2.1 3.0 0.3 1.2 2.1 3.0 0.3 1.2 2.1 3.0
Frequency/THz Frequency/THz Frequency/THz Frequency/THz Frequency/THz
B 7 0.3—3.0 THz BB (3—12)CHBT W lOGHE 19 928608 53 H 2 E X e

Fig. 7. Comparison of calculations and experimental results about (3—12)CHBT in 0.3—-3.0 THz.
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Abstract

According to density functional theory, in this paper we report a simulation result obtained by using the
Gaussian09 package. Adopted in the calculation are an optimized Opt Freq and a base group of B3LYP/6-311¢g
to simulate the absorption of 16 kinds of liquid crystal (LC) molecules of 4-(trans-4-n-alkylcyclohexyl)
isothiocyanatobenzenes (CHBT) in a 0.1-5.0 terahertz band (THz). The results show that in the low terahertz
band, the absorption is caused mainly by the vibration and rotation of the molecules. So for convenience, we
present an novel analytical method of studying the influence of molecular moment of inertia and mass center of
gravity shift on absorption. An important result is found that the length of the molecular alkyl chain can lead
to different molecular mass, mass center of gravity and moment of inertia, which causes the rotation and
vibration of the molecule to be different. These factors lead to the difference in terahertz wave absorption. In
the 0.1-5.0 terahertz band, the molecules with 3—7 alkyl chain carbon atoms show a strong absorption. As a
reference, reducing and increasing the carbon atoms in the alkyl chain will cause the molecules to reduce the
absorption of terahertz waves . In the end, the calculated results are compared with the experimental results
obtained from 10 molecules according to the reference data in a frequency range of 0.3—3.0 terahertz. It is found
that in the low frequency band there exist some differences between the calculation results and the experimental
measurements, in which the difference in the position of the absorption peak may originate from a hydrogen
bond. Comparing the relative magnitudes of the absorption intensities, it is found that the experimental
measurements are consistent with the calculated results, indicating that the absorption intensity comes from the
absorption of dipole vibration and rotation, which demonstrates the positive significance of computational
simulation. We look forward to the experimental measurements in the future, and correct the calculation
methods and keywords as well as the parameters such as temperature calculation that is to be done in future
work. As a theoretical basis, the calculation results can better reflect the absorption of molecular materials, and

it is expected to provide useful suggestions for designing and synthesizing the liquid crystal molecules.

Keywords: liquid crystal, terahertz, alkyl chains, Gaussian
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