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Properties of four ring chain liquid crystalline compounds
with difluoromethyleneoxy linkage group

LI Juan-li, LI Jian, CHE Zhao-yi, GAN Ning, AN Zhong-wei” , YANG Xiao-zhe, CHEN Tao

(Optical and Electrical Material Department, Xi’ an Modern Chemistry
Research Institute, Xi’an 710065, China)

Abstract: Liquid crystalline compounds with difluoromethyleneoxy linkage group are widely used in
liquid crystal mixtures. However, their phase behavior and physical properties have not been reported
systematically. The mesomorphic properties of two series of compounds 1 and 2 with cyclohexyl group
were thoroughly studied by using differential scanning calorimetry (DSC) and polarizing optical mi-
croscopy(POMD). The effect of all the compounds on the mixtures were systematically investigated and
their physical parameters were extropolated by using addition principle. The results show that com-
pounds 1 have higher clearing point and wider nematic phase temperature range than that of com-
pounds 2. Due to the increase of a fluorine atom on the skeleton, compounds 2 have higher dielectric
anisotropy than that of compounds 1. Compounds 1 can significantly improve low temperature
miscibility and broaden the mixed liquid crystal temperature range.
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Fig. 1 Synthesis route of compounds 1
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la:' HNMR(S, CDCly): 0.921(t, 3 H, J=15
Hz), 1.029~1.111(m, 2 H), 1.182~1.312(m,
3 H), 1.464~1.529(m, 2 H), 1.892~1. 943(m,
4 H), 2.498~2.555(m,1 H),6.953~7.012(m,
2 H), 7.187 ~ 7.208 (d, 2 H, J=10.5 Hz),
7.313~7.329(d, 2H,J=8 Hz), 7. 482~7. 498(d,
2 H,J=8 Hz); IR(KBr, cm '): 2 950.2 870(m,

—CH;), 1 596.1 544(s, C=C BZ), 1330(s,
F—C—F), 1171(m, ##H C—F);
1b:'HNMR(§, CDCly): 0.911(t,3 H, J=
14.5 Hz), 1.031~1.114(m, 2 H),1.207~1. 236
(m, 2 H),1.296~1.380(m, 3 H),1.437~1.496
(m, 2 H),1.874~1.935(m, 4 H), 2.497~2. 552
(m, 1 H), 6.953~7.045(m,2 H), 7. 188~7. 209
(d, 2 H, J=10.5 Hz), 7. 312~7.329(d,2 H, J=
8.5 Hz), 7.482~7.498(d,2 H, J=8 Hz); IR
(KBr, em '):2 949,2 883(m, —CH;),1 600,

1 544(sy, C=CH%, 1335(s, F—C—F), 1165
(m, ¥ C—F);

le:'HNMR(S, CDCly): 0.910(t, 3 H, J=
14.5 Hz), 1. 023~1.107(m, 2 H),1.203~1. 238
(m, 2 H), 1. 281~1.397(m,3 H).,1.407~1. 491
(m, 2 H),1.875~1.938(m.,4 H),2. 488 ~ 2. 543
(m,1 H), 6.957~6.989(m,2 H),7.024~7.052
(qs 2 H), 7.087~7.106(q,2 H),7.191 ~7. 212
(d, 2 H,J=10.5 Hz), 7.335(t,2 H,J=16 Hz);
IR(KBr, ecm™ ') :2 879 (m,—CH;),1 604,1 547(s,
=CH%), 1338(s, F—C—F),1 179(m, #¥}*
C—F);

1d;" HNMR(8,CDClLy) : 0.901(t, 3 H, J=
14 Hz), 1.009~1.112(m, 2 H),1.214~1. 361
(m, 9 H), 1.434~1.518(m,2 H), 1.906 (t,
4 H,J]=22.5 Hz), 2.495 ~ 2.556 (m, 2 H),
6.953~7.011(m,2 H),7.186~7.207(d, 2 H,
J=10.5 Hz),7.311~7.327(d, 2 H,J=8 Hz),
7.480~7.497(d,2 H, J=8.5 Hz); IR(KBr,cm ')

2 948,2 880(m,—CH;),1601,1543(s,C=C B4,
1331(s, F—C—F), 1171(m, #¥}* C—F);

2a;' HNMR(§, CDClLy): 0.902(t, 3 H, J=14.5
Hz), 1.021 ~ 1.104 (m, 2 H), 1.195 ~ 1. 312 (m,
3 H),1.407 ~1.491 (m, 2 H), 1. 894 ~ 1. 947 (m,
4 H),2.490 ~2.551 (m, 1 H), 6.958~ 7.001 (m.

2 H),7.026~7.053(q,1 H),7.089~7.108(q,1 H),
7.191'\’7.213((:1’2 H’lel HZ>’7-336(t’1 H?.I:
16 HZ);IR(KBr,cmfl);Z 953\2 870(m,—CH;),

1604,1547(s, C=C &2%,1 338(s, F—C—F),
1 178(m, ¥ C—F);

2b:'HNMR(8,CDCly): 0.910(t,3 H, J=
14.5 Hz), 1.023 ~1.107 (m, 2 H),1.217 ~
1.248 (m, 2 H), 1.280 ~ 1.395 (m, 3 H),
1.407~1.491 (m, 2 H), 1.876 ~ 1. 939 (m,
4 H), 2.488~2.543(m,1 H),6.958 ~7.001
(m,2 H),7.024~7.052(q,1 H),7.087~7.106
(qs1 H),7.191~7.213(d, 2 H. J=11 H2),
7.335(t,1 H, J=16 Hz);IR(KBr,cm ') ;2879

(m,—CH;),1604.1547(s, C=C B%),1 338
(s,F—C—F),1 178(m. K C—F);

2¢;' HNMR(§,CDCly) : 0. 901(t,3 H, J=14.5
Hz), 1.023~1.105(m,2 H),1.407 ~ 1. 491 (m.,
9 H), 1.405~1.482(m,2 H),1.880~1.938(m,
4 H),2.487~2.542(m,1 H),6.957 ~7.000 (m,
2 H),7.023~7.051(q, 1 H),7.086 ~7.106 (g,
1 H), 7.190~7.212(d,2 H,J=11 Hz), 7. 334(t,
1 H,J=16 Hz); IR(KBr.cm '):2 879 (m., —

CH;), 1 605.1 548(s, C=CE%8), 1 340(s, F—
C—F,1179(m, X% C—F),
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Tab.1 DSC data of series of compounds 1,2

(da=g/Linc AR/ °C Tiq) 51 A Ik J3E 5 B/ °C KRS/ (k] + mol™") e/ (k] » mol ™)
la C76.70 N 110.93 1 34.23 26.15 0.28
1b C 82.06 N 141.31 1 59. 25 28. 94 0.53
le C 72.07 N 135.20 1 63.13 29. 58 0. 35
1d C59.74 N 139. 44 1 79.70 27.78 0. 46
2a C 82.61 N 100.24 1 17. 63 28. 48 0.28
2b C 83.96 N 130.17 1 46. 21 31. 54 0.52
2¢ C76.58 N 130. 84 1 54. 26 31.18 0.43

(2) 0 i) o0 B 25 XoF 4 2 3 B ) 5

ME1EEITUES . &5 2 bE5W5 F#5
1 AbA WA Eb o 28 28 0 1) 385 0 — A S8R 5 L
BT E S R R MR VS R AR A X
BRUATE AR ER Eg ] A ) s AR I . 0 F A 5 )
bR T e 1 7 L1 X S e s e T ¢ B
FH 3080708 s TSI 58 2T B D380 51 A ) 38
JE T i B ) 9 il s (8 T R, T BO AR TR A A
R AR I PR 25

(3) B 2R FH AR I8 B 1Y) 52

R e S B N i ey RS Ut 7
S Tk Ak B ) A LA T R 04 A e R (1
Iva] 1) A R B YE FL L X A A S e R BE R G
AT 20 O A7 78 i XA Y A L AT HE 1 B 3 L AH B
TS R B B ST . B
Ab & OB R DU PR R H R A R R R
(14 1] 4700 T PO 2R 3 — 56 Tk Ak 5 ) Bt o o 3k
(3K 2 BT S AH , FE B N & IR G
T A A A R R R R AZ R
3.2 B M AR i A0 B AT 4
3.2.1 ERMI MG

BB HUe 4 35 A N BE 1 AR 1b . 2b DL A 3
RS Ak G- AR 4% 10 90 5 & LS
FILREAC T P PR ENR A WA . JEREEC T Py
3 AR Y R -1 (4- 2 A ) -3, 4-
AR 14T IR 3 -3, 4- 5K L
R-1- AT O Ko -3, 4- A e IR F 4= b
1:1: 1B,

csHa;w( ?F
F F

K3 ZHEY R
Fig. 3 Reference compound R

fE 25 °C 589 nm F i#EAT 1R A W& il 09 3T 4
MK A 10 pm 09 ROPAT &L 7E 25 C T AT IR
A Y G A EEE A AR L 40 R o vk i B X B A
() XU 5568 56 A F 4% T S M 0 DA B 286 B {1 47 4
e B L% 2,

2 7SR S A T e R AR

Tab. 2 Physical properties of mixtures and liquid crystal

compounds
T/
Fﬁg An Ae Kll K33 ]
(mPa ¢ s)
P, 0.080 5.63 10.2 28.9 156.5

10%1b+90%P, 0.087 7.33 10.14 25.43 160.6

10%2b+90%P, 0.0832 7.74 9.432 25.87 161.6

10%R+90%P, 0.0938 8.08 10.15 23.67 155.7

1b 0.150" 22.63" — — 202.69"
2b 0.112" 26.73" 215.67"
R 0.218" 30.13" — — 148.68"
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Tab. 3 Miscibility test of liquid crytsal compounds

LN A 25 °C 5°C
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Tab. 4 Data of liquid crystal mixtures

5  Tw/TC An Ae Va/V Va/V t./ms tr/ms Yv1/(mPa - s) A RLAT
Bl 5 1 106 0.1042 6.73 1.52 2. 54 2.35 11.19 76.9 —30 ‘C144 h &¥r
fic )5 2 109 0.1016 6. 50 1.52 2. 2. 54 11.93 78.4  —40 “C240 h oM
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