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PACS: 61.30.Vx, 78.20.Jq, 42.70.Df, 32.30.Bv
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RS 43H, AR SO 45 S AL & W e
5CB B A W2 BE AR R 45 1) 51 AR R B AR 28
J DIRUE R - S R VM R AE A R A
EYIIFEEEYERE, Fb A= B

VM = lgn, (1)
AVM = VMpred - VMeXptv (2)
2AVM
f=— =" (3)
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L, AVM R0 1R2E, & AAHXTIRZE, VM A
FYGREE L, VM, oq 4 TR0 8 e
MEEA T EERLE 8 MR, T
R R A TN RE 7, FoARx 34 D FAE R IIZRAL,
T8 BPNN B8 JrA Wb & 0 o 145
F97E Chem Bio Office 2014 HE AL, i A TRIPOS
SYSBYLX 1.1 #17RE & e/ MU AL BRI A= B
. SR DISCOVERY STUDIO 2.5 #4315

S FEERERTE, SRS R | U AT
RO, Hh 404l A8 25 Ry i £ 03 1 45 Kl A AT AR
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3 #RE54h
3.1 (EERABFELRE

ERZIE N T S et X e R e Zi
ARk, W e A 3B PR GE M A R, FRIRZE
K2z [ a] DAG | AAERE, B0 1aT DA | A 3 19,
2% 1 WL B AR AS IR K 25 °C A ZE (.
o0 A A a9 A S B U ) P AR TR S
Py Ao A
) B AV & o3 T 42O BT 2 /D T B IR 4

3.1.1

# 1 RSP & 25 °C AR

Table 1.  Phase transition temperature and 25 “C test viscosity value of liquid crystal compounds.
o YL R R .
ke ST LK ST gty T HIRIE T/
1 3CC2 C3H7@_QCZH5 236.25 19.647 Cr -8.3 N 93.0 Iso
2 3CC4 CsH7@—Q C4Hy 264.28 20.983 Cr -10.9 N 66.8 Iso
3 5CPF CSHHA<:>_©7F 248.19 23.914 Liquid
4 3CPO1 CsHr— >—< >—0ch3 232.18 21.619 Cr 32.0 Iso
5 5PP1 CanCHg 238.17 22.624 Cr 48.0 Iso
F
6 3GPS CoH, O O NCS 271.08 24.313 Cr 45.0 Iso
F
7 2CPUS CoHj . O O NCS 357.14 23.961 Cr 50.0 N 175.0 Iso
F
F
8 5CPUS CsHiy . O O NCS 399.18 24.874 Cr 50.5 N 196.3 Iso
F F
9 3PGUF C3Hy O O O F 344.12 24.694 Cr 62.5 Iso
F
F F
10 5PGUF CsHiy O O O F 372.15 25.021 Cr 56.4 Iso
F
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F1(8) WAEEYRZRIREE R 25 C WA
Table 1 (continued). Phase transition temperature and 25 °C test viscosity value of liquid crystal compounds.
vyE H ﬁ I . o
FE o A s ST AR/ (gmol ) “wgﬁgﬁ)/ ARSI T/ C
F F
11 5PGUS CanNCS 411.13 26.486 Cr 57.4 N 159.2 Tso
F
F F
Cr 62.23 S 70
e v e ST -
12 5CPGUF 5 HM 454.23 25.983 N 915 Lo
F F
5 scravs H 10321 2400 OrTLSY N 28415 To
F F
14 5PGUOCF3 CanOCFs 438.14 26.242 Cr 47.4 N 69.3 Iso
F
F F
Cr 58.10 S 82.6
; oA OADG- om0 s
F
F F Cr 96.8
SmC 111.9
O OCor - .
16 4PGPUF A 9"ﬂ 43417 24.884 o oLed
F N 231.4 Tso
K Cr 53.55 S 72.65
17 5PP(2)GIP4 478.30 26.865 ' :
e~ s
F F
18  3PUQUF 03H7 CFZOQF 428.10 25.191 Cr 47.2 Tso
F F F
19 8PGUQUE Gy~ )y~ )< ) ConQF 522.12 26.205 Cr 88 N 135 Iso
0
20 3CEPC3 C;;mOC—O—@—Q%m 370.29 21.039 Cr 116.7 N 205.9 Iso
0
21 2CEPPN Csz—QC—O O O ON 333.17 21.072 Cr 89.0 N 245.6 Tso
0
22 3CPEP3 C:;H7O—QC—O—chH7 364.24 22.042 Cr 100.7 N 202.9 Iso
o F
Il 3
23 3CPEGN CSH7‘<:>_©’ I OO oN 365.18 23.498 Cr 107.1 N 214.4 Tso
o)
24 2PEPN CzHS@&_OOCN 251.09 20.946 Cr 77.6 N 80.9 Iso
It Cr 108.1 N 113.5 Iso
25 3PEPN 03H7—QC—O—@CN 265.11 22.869 s1o N
o)
2 4PEPN Cmg@g_OOCN 279.13 24.478 Cr 71.3 N 74.2 Iso
F
27 3PTGS CoH, O — O NCS 295.08 22.476 Cr 55.22 S 69.37 Iso
F
28 5PTGS CoH, O — O NCS 323.11 23.248 Cr 50.59 N 90.59 Iso
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21 (8) WA YHASRE X 25 C WRFEE
Table 1 (continued). Phase transition temperature and 25 °C test viscosity value of liquid crystal compounds.
vyE H ﬁ I . o
FE o A s ST AR/ (gmol ) “wgﬁgﬁ)/ ARSI T/ C
F
29 7PTGS CoHy O — O NCS 351.15 24.016 Cr 41.98 N 45.06 Iso
|4 2
30 5PTPO2 CsHu O = O 0-C:H; 202.18 21.512 Cr 65.6 N'95.3 Iso
83.3 N
F
31 5PTUS CsHuNCS 341.1 22.577 Cr 43.99 Iso
F
F
32 5CPTUS Cg,HnNCS 42318 22.974 Cr 62 N 228 Tso
F
F
Cr 55.0 S 119.0 N
H = N
33 5PPTUS CHn— ) ) § )-Nes 417.14 23.809 S0k e Tan
B F
34 4PUTGS C4H9NCS 421.11 22.559 Cr 93 Iso
F
F
35 2PTPP3 C,H; O = O O CsHy 360.17 22.768 Cr 73.5 N 186 Iso
F
F
36 3PTPP2 CsHy O = O C,H; 360.17 22.583 Cr 73 N 189 Iso
F
F
37 3PTPP4 C3H, O = O O C4Hy 388.20 23.682 Cr66.1588.0 N
169.5 Iso
F
F
38 4PTPP3 CyH, O = O O C3H; 388.29 23.445 Cr385S 600N
174.0 Iso
F
F F
R S & e @ SRS w201 CeTSN 180T
F
B B
40  4PTGTP5 C4H905H11 458.22 26.918 Cr 72.12 N 172.81 Iso
F
F
41  SPP(1)PUF  CsHp O O O O F 444.21 25.014 Cr 76.9 N 127.6 Iso
F
F
42 5PPI(1)PUF  CsHy O O O O F 444.21 24.608 Cr 77.4 N 134 Iso
F
43 5CB CanCN 249.15 25.010 Cr 24 N 35.3 Iso

T Cr, £ M SR, S, ITMAH; N, [[5I4H; Iso, 41 [FME; SmA, SmAMZS; SmC, SmCHIZAS.
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FOA BETE BB A A B3, AT R HE A R o0 3
VA F5c A B L R 2R 0 5 38 L e 7 A 3R 685 4 6k 288 B 1)
.

M 1Al %0, 3CC2 Ml 3CC4 7 i AH 4% Hi A
WAL A P AR R XF L 5PTUS, 5CPTUS
5PPTUS, 5PTUS % & 3¢ 5CPTUS fit, 5CPTUS
FHEER: SPPTUS I, AJR A AIILAEZE 4, ATk AL
PER, RIECEH BN K T o F R E RS 7,
W T A FEEA AR, B A PR O R
R, BT R, s RE R, B
AR PR R RS, (RS I T A K
B FaE, RS R RN, (PR S5
i o B I R R B /N TR IR,

3.1.2 AR AL LA R R
% 1 v 2PEPN, 5PTGS J2fEB IR th | ATk
B3 (—CO,—) =8t (—C=C—) MMtk &
Y1, 5 5PP1, 5PGUS BRI =R fb b 5 W %6
JEXT FE, & B0 A S B T T B O B AT
%t 5CPUS, 5CPTUS fil 5SPPTUS, /A4 5CPTUS
1 5PPTUS 43 F K A Frighn, sPPTUS A3
R TR e, &8 MR R S IE B P B BE AR SR
T 5CPUS. gkt (—CO,—) 2 fw 3 i ] iy
7€ H )6 s e 5 A, 6 mT DA b s 5
B, SHERGIAM IR NI, B s+
LI PE, BOIRE R BRI ER, (Hd R S
.

3.1.3 MUz BUR A iR a4 B 89 h

O RERTRR ], 808 705~ O A 3O A 37 Hi
FRRLATAS TRIRR A AL 5 A Bt 1 B A [ 52
i 20, 3¢ 1 7 iy 5PP(1)PUF 5 5PPI(1)PUF,
Ok P 5 i BE A AR ), YRR &R0 BOP QAR B2 R T
] ALY, AT RESR [E) 5] A—CH; 8{—CH,CH; #5
RERLXSARER 2 [8) T AR, 520 T W T4&
PEILHE R E S BB HE B R B M7 SO B
ST AR R, R ECH RIS, SPTUS 26
/T 5PTGS, Ut 51 AJRUE T 1] LLBEARI ik &
Wb

3.1.4 Bk Akom R e adiR AR R A R0

W A7 1 A g 3k A1 B Joe S B FE AN TA], BB
AR B 3 1, X EE 3CC2, 3CC4 5 3PTGS,
5PTGS, TPTGS P 41 1F ke J vt 3 £ i 1~ KA [F]

T B YRR R BB RSN, WS Ak
BRI, BEREBE AR N, B TR
TRIEM T, o0 T sy 7= (147 1B T7 4%
R, Wb TR R, oy TR, 70 7R L
YERIJI38 K, BRI N, 505 AR 22 PR BE I,
BN 51 EL2N 28, 30 S AR do 2 g . (5
TIRFFRUR AL S Y BA BSE RIS, BURIERY K JE
AR

3.1.5  MMsmE (—F. —NCS) 3t ik & 4k
JE 89 % v

—F,—NCS J&H TR i e 2 i PR P o
3, % 1% 5PGUF, 5PGUS 5 5CPGUF, 5CPGUS
P b IE &9, Btk 3 A —NCS LS
YL R T s —F MRS & 4. AR 2200
A, S A A IR s e R R TR, R
WK, 3R 1A, U T M7 B v 2 AR
HRAT AR b AL S R B
3.1.6 T RKEIMRMEEE TR

T 43 B AT R0, YR 53 O i A i B B 1Y)
K (FERGEEEE) MK, WM ETESR. 2K
AR A ot B AT | T e R v B B AR AR Y
TXSEE A A AH B R FH 2R AR A TR
VAR5 B2 s A IR U, (0 AR ALSS . (A2
R 3 AT AR 1], o 356 T R i B ol R 201
RSB 2 AR KR BE L R2 Vi A& ) O b
FE. 2 bk, RS RK Btk | sl Bt ok
VR S PRI M, 60 B

3.2 BPNN-QSAR #&E&IpE T 506

T A2 2% 1 Z2 N GRS A, il ZRal
ARAT B B AL W 48 45 K Ol 12-4-1, Hohd AR
12 RS (SSHTATT), B2 4 10 R,
2 1 AVER: (VM) Frig gl s 45 R0 T3 2
H, 2308 34 M INGRABRAL S-S 8 A4
B LG SR R R S TN

7 2 P RYAHIC R AL R? IS RAIEAH G R A R
(cross-validated) HillZRdH 25 1, BT BIAER T

# 2 BPNN RIS,
Table 2.  Results of BPNN model.
M2 55 R?
12-4-1 0.9238 0.5089 0.6070

R? (cross-validated) ¢

066101-6


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

) 32 3R Acta Phys. Sin. Vol. 73, No. 6 (2024)

066101

# 3 IR MR A5 W a0 0 A kTN 268 32 Bt
Table 3. VM,,; and VM4 of liquid compounds in the training group and test group.

No. Compounds n/(mPa-s) VMexpt VMpred AVM )
1* 3CC2 19.647 1.293 1.319 0.026 0.020
2 3CC4 20.983 1.322 1.318 0.004 0.003
3 5CPF 23.914 1.379 1.376 0.002 0.002
4 3CPO1 21.619 1.335 1.336 0.001 0.001
5 5PP1 22.624 1.355 1.357 0.002 0.001
6 3GPS 24.313 1.386 1.363 0.023 0.017
* 2CPUS 23.961 1.380 1.378 0.002 0.001
8 5CPUS 24.874 1.396 1.401 0.006 0.004
9 3PGUF 24.694 1.393 1.396 0.004 0.002
10* 5PGUF 25.021 1.398 1.405 0.006 0.004
11 5PGUS 26.486 1.423 1.425 0.002 0.001
12 5CPGUF 25.983 1.415 1.414 0.000 0.001
13 5CPGUS 26.400 1.422 1.418 0.004 0.003
14 5PGUOCF3 26.242 1.419 1.417 0.002 0.001
15 5CPGUOCF3 26.558 1.424 1.424 -0.001 0.000
16 4PGPUF 24.884 1.396 1.410 0.014 0.010
17 5PP(2)GIP4 26.865 1.429 1.426 0.003 0.002
18 3PUQUF 25.191 1.401 1.411 0.010 0.007
19 3PGUQUF 26.205 1.418 1.411 0.007 0.005
20 3CEPC3 21.039 1.323 1.326 0.003 0.002
21 2CEPPN 21.072 1.324 1.320 0.003 0.003
22 3CPEP3 22.042 1.343 1.344 0.001 0.001
23 3CPEGN 23.498 1.371 1.365 0.006 0.004
24 2PEPN 20.946 1.321 1.341 0.020 0.015

25% 3PEPN 22.869 1.359 1.353 0.006 0.004
26 4PEPN 24.478 1.389 1.365 0.024 0.017
27 3PTGS 22.476 1.352 1.347 0.005 0.004

28%* 5PTGS 23.248 1.366 1.372 0.006 0.004
29 TPTGS 24.916 1.396 1.401 0.004 0.004
30 5PTPO2 21.512 1.333 1.337 0.004 0.003
31 5PTUS 22.577 1.354 1.364 0.011 0.007
32 5CPTUS 22.974 1.361 1.367 0.006 0.004

33* 5PPTUS 23.809 1.377 1.427 0.050 0.036
34 4PUTGS 22.559 1.353 1.364 0.011 0.008
35 2PTPP3 22.768 1.357 1.353 0.004 0.003
36 3PTPP2 22.583 1.354 1.345 0.009 0.007

37* 3PTPP4 23.682 1.374 1.374 -0.001 0.001
38 4PTPP3 23.445 1.370 1.366 0.004 0.003

39% 4PTGTP4 26.201 1.418 1.398 0.020 0.014
40 4PTGTP5 26.918 1.430 1.427 -0.003 0.002
41 5PP(1)PUF 25.014 1.398 1.412 0.014 0.010
42 5PPI(1)PUF 24.608 1.391 1.406 0.015 0.011

TE: X H
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BPNN A i fs e MR il e 7. S5 RE,
PR ELAT O B A RS E PR Al — g B B RE 7. X —A
FE T FR R OC R T T I g T 04 VT )
MR R SE A, 2 IR A O R B ¢,
T THRI A SMR T RE )1, @ 7% 3CHk [36]
(2) IR HH, ¢ > 0.5 B, I FERLEA AT
17 B T i g 5236, AR @ TS5 RN 0.6070,
Ui PSS AU 2 O R T oK. B’ 12 8 A
A 34 AN YNGRAIREAS VM1 T30 R A0 3 A %) X6
o, &1 AT, MR | IR R A T 4 A
TE VM eq = VM HEZKHT, BV T HRIAIAL
558 [14) TN i

1.46

= Training group
1.44 F ¢ Test group

142}
1.40 } 2%
1.38}

VMypred
L)

1.36
1.34
1.32F o &

1.30

1.28 L L
1.28 1.32 1.36

VMexpt

1.40 1.44

1 R VM A (e 5 B E
Fig. 1. Experimental and predicted values of VM.

3.3 BPNN-QSAR #&EE454r

BV ARG 12 DA TRAT, BT
R 500 T A5 M B A SR R AT 1 U
RE K ME B T35 4. 4 hBUSTE R0
KN, T VPAG AR AT X BPNN A AT 51K,
R 28 S0 o LA A ) 8 3R A5 X VML 4 5 W)
2 BT

3.3.1 Estate Keys #i£ fF

Estate Keys f#iiRfF &g 5+ HIE i+
AN N T 25 (5 D AT T4 B 0 — 28K
{8, RBFEATRALITF WIS ARZGEHE | U R PEAL
o EEPE T, AR SRR — P AT N Estate Keys
RS, Hor, ES-Count-aasC X 6 5 & i S P
ORI 1E W) STER, BURE IS 0.9997; BARER % 4%
P TD5 B C IR0, ) B S AR TR WA
R L B O, ES-Count-tsC il ES-
Count-ssCH, I 5 A fz 58 09 171 1] 5TER, AT C R
ERVSRI TV RiP S T U S AR S XD
FLE e L DL K R e b 25 SRR 5 — Al
R FF Shadow-Xlength K&, &5 %6 E & IEAHK,
Ul B IS R B I 2 R 2 7 K, M R A 6
JE . Y O 00 6T 286 B 3 ok 71 1] 5 0 1Y) —CHy—
ok H T e . 51— MRS ES-Sum-

K4 SRR BARC T AR B O DU

Table 4.  Structural descriptors and related molecular structure information, and corresponding sensitivity.

EipaYy

M5 R HHURR

e

RFEA PN TN — L i i AR MRS (Electrotopological State,

ES-Count-aasC bl s T4k by 0.999735
Dipole-X TR o0 B SR BRI 147 A 3D HL iR AT 0.947414
Num-RotatableBonds " IEHRHE, 7 SUNBEAERR 1 SURFEASRI R 5 T2 IO, R RIS 0.814023
SUMEREITF. 1R —FhRERITIL, B C— NG A e Y
Shadow-Xlength XK EE, RAEDFIBR— AU LM RRTY, T FAE 4R IR 0.307771
ES-Sum-sssCH TR AR =4 P CHEY R FMRES (Estate) B0 0.208536
JX Balabanfg 4% 0.118169
ES-Count-tsC RFEA A =R R IR MRS (Estate) T4 ~0.707114
ES-Count-ssCH,  fRREA WA CHy /Y B HF MR ES (Estate) T4 —0.671564
Wiener AR, RS T B X Z A A B ) SR ~0.653192
ES-Sum-sF HHAFE TR AR MRES (Estate) -0.400111
ES-Count-sF FIRT A AR MRS (Estate) T4 -0.400111
ALogP f# F Ghose M Crippen & 28 1Y% T I T 19 )7 i1 5 F - K 43 Bt 2R (LogP) —0.128786

F: ES-Sum-xxx: FEJ5EF M F A TR PN S T HLECRT; ES-Count-xxx: JEFE BB JFEF 760 F P BB H 5 -xxxs, B,

d, XUEE; ¢, =4 a, J5 AR,
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sssCH P IEAH MR BHAE IR 3 T &k AR U, B E
EX AR S I QA A [ s i N N
4 NSRRI, NLC 43 F 195 1K AR TR At
BHGER) L5 | ABESEE 5P RO, Wb
o EEA R R BRECE , AT AR 2 1 1 2
B, XEASC 3.1.1 15 3.1.2 AT A —EL
ES-Sum-sF il ES-Count-sF J& 543 H HUY
F R FEAHCAHGALRT, —E 03 R — e
B S, 454 3.1.3 7, dE— U o T
T R HCA TR
3.3.2 Dipole-X #i£ fF

Dipole-X Jif& i o FAE S5 ) (X J7 1)) 1Y
HIBRHE, AU rh OO A 80 B R B R R R 1Y T ]
AN, BURREE A 0.9474. X T [n) H B 26 18 R ) R
fm o, R o R R R, XTI A A LA ] R
P (Ag,) . Ap #K 19 Dipole-X A9 s BUBME MR T
FiAe, (R o3 F6 B R D A

3.3.3 Num-RotatableBonds #= Shadow-
Xlength 443 5F

Num-RotatableBonds #1 Shadow-Xlength ##
IR T it 2ot A SR A L ) 2. T B
R F MR AR, BURIE 0.8140, & £w
S FAER T ) K.

B 2 A5 T PR SSHE R P45 18 25 T A 2 0
Wl fE B, P B = B OCHRE. I 2 1 44
FARIR], A B AN W R R P00 b o I RE
17 £ Fll Shadow-Xlength 5 Num-RotatableBonds

745

1.42F VM VM
—— Shadow-Xlength 440

1.40 } - Num-RotatableBonds 5
135

§~30
N\
\

110

15

Num-RotatableBonds/Shadow-Xlength

K2 PIALIE R WA o I B VMA Shadow-
Xlength 5 Num-RotatableBonds (&
Fig. 2. Shadow-Xlength, Num-RotatableBonds and VM for

two groups of liquid crystal compounds.

BB L IE ARG, 5 3.1.4 351 3.1.6 35 194 HT A

3.3.4  Wiener A= JX #i£ 5

BRI ) Wiener Fl JX AR FF 0 E T
RFF. R ERKEEMER, MR+
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TR AR TR RR I BRI

3.3.5 ALogP % fF
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I FRFEACEIIE. WESERAKE, Wi T ALogP
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4 %
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aeh. 4G A RE 5T 45 R, il X Dipole-
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Abstract

Nematic liquid crystal materials designed for optics, microwave communication tuning, etc. need high
response speed, which is related to the rotational viscosity and the birefringent index of the liquid crystal. In
order to achieve a wide tuning range of phase modulation, the nematic liquid crystals often employ large n-
electron conjugated systems and large polar groups to enhance the birefringence and dielectric anisotropy of the
liquid crystal molecule, which, however, increases the viscosity of the liquid crystal material, deteriorating the
response speed of the microwave device. Herein, we explore the viscosity of the nematic liquid crystal from the
perspective of liquid crystal compound structure by testing the viscosity of our designed and synthesized forty-
two different nematic liquid crystals by using a rotating rheometer at 25 “C. To the best of our knowledge, the
BPNN-QSAR quantitative structure-activity model between nematic liquid crystal molecular structure and
viscosity is established for the first time. The correlation coefficient between the predicted value and the
experimental value is ¢¢ = 0.607 > 0.5, indicating that the model can be used to predict the viscosity
performances of liquid crystal compounds. Besides, the molecular structure descriptors affecting the viscosity
properties are explored. Based on the practical application and this model, seven liquid crystal molecules of two
series with large birefringent index are designed and tested. The viscosity predicted by the BPNN model is

smaller than that of the molecules of the same type and matches with the measured viscosity.
Keywords: nematic liquid crystal, viscosity, molecular structure, quantitative structure-activity relationship
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