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Abstract: In recent years, the research of liquid crystal in microwave communication devices has

developed rapidly, and the dielectric loss of liquid crystal materials has become the main factor restric-
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ting its development. The isothiocyanate terphenyl compound is a low-viscosity, high-birefringence
liquid crystal compound with stable structure, which is suitable as a component of liquid crystal mate-
rial for microwave. In this paper, four fluorine-containing terphenyl isothiocyanate liquid crystal com-
pounds nPGUS (n=2~5) were synthesized by coupling method, and the structure of the compounds
was confirmed to be correct by IR, 'H NMR, “C NMR, and "F NMR. Differential thermal analysis
(DSC) results show that they all have a wide-temperature nematic liquid crystal state and a relatively
low melting point. The nematic temperature range of 5SPGUS reaches 101.8 °C, and the melting point
is only 57.4 °C. Their dielectric properties of LC in the microwave K bands were tested by the vector
network analyzer, and they are mixed with the matrix liquid crystal, the dielectric constant value at 18
GHz (Ae,) is 0.95, the dielectric loss (tande,.,) 0.007 63, dieletric tunability coefficient () 0.265,
which can satisfy the performance requirements of nematic liquid crystal materials for microwave use.

Key words: fluorinated terphenyl; isothiocyanate liquid crystal; high dielectric constant; low dielectric

loss; synthesis
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1] 70 K T o e — R LA TR R s
SR R E A T SR A LY, A
1G5 A S VR TR 155 5 A 1 Bl (e R
P15 (An) 3% 22 A8 4k L IF H B0 A H 451 FE Bl
E RN OR NS N = IR R R
{18 53 FE B A S 5 [ B5F Y o 4 R 8 EL AT B g
s 0 i) 38 AR AR L Tl Ak 2 5 A AR A TR U B
ok % A0 &% R 0RO A BT M OB B9 A ) SE
UL TR L AN B E R S B A H R R
LA Y R WA A B T R AT AL R L AR Ak
P G € T R VA e N TR 2 T ¢
T RR AN (1) 3 2 0T IR PE .

T TR RS A A B AE 20 4D 90 AFEAR
BV Y Merck 23 /B K15 W ah 47 52
59,76 10.5 GHz T3R5 T 5 °/cm WYAHS , IF- 75 fifi
Je ) AH SEAIF T HhoRe 3 AN AH B AS W 1l il K 31 600 °/
cmP!, 2013 4F Reuter M 2 AT HESY T & A i

F—NCS.—F.—CN %5 H 0 & 53 1 78 = i
(0.5~2.5 THz) T BT 5 258 A I 2 %50, 0
Xof FEL i U 1) R U R BRIl CN > F =~ NCS,
2013 4F Dabrowski R Z¢ A RIE T 2R 4K 5 =4
DL K s HE Sl NCS,—CN,—F,—OCF, ¥ &
A3 F R AR AR L 5 R e WY R o 3 A 45 A
fiE fc 47 1 2 —NCS L & ¥, 2015 4F, Jost M
SR T ) 8RR TR TR ) R 3 8 T O
KRN = ok WK m & RN B, 2015 4R
Szezucinski % AN G T ML B BKOR TR
MRBEAAL AW 15 BB ZAE S A& 9. 58 R H
X AEYEN FEHASEET 5 MRSAS
Wy, WF 58 T HA B bR AR K BB RAK  H BT
FALF 0.3, H XA s I FE R T8, 2018 4F
Kowerdziej % N i T R M E S H K L
WKW AL A W AE 6 GHz B B (1 56 7T ] 38 M: b
Tk B 1 A8 A1 50« O 5 3] ki 5 B O I B e AR
A o 15 W] 3K 28 VL X sk I8 AR A2 RT E EEE (o) FRL
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Fig.1

23 HEUEWERK
2.3.1 Pk nPG 4 R,

TERSARI T L 0 2 BRI B4 IR 3
JI¥tdERY 500 mL = HBE oA 4—&%2::15)1}3@&
18 g(120 mmol) \3- ¥R % 20.87 g(120 mmol) . JG
KRR 4R 66.2 g(480 mmol) . B F7K 40 mL. Y
W 200 mL 1 Pd(PPh;), 0.7 g(0.6 mmol) .l
POBERE B 5 h 5. TLC BRI RN, 147 J 0 45
Je RN E R A g T AT IR 2 Y Ak, in
A AW BE 100 mL, A WL K A A H ke

Synthetic route of target compound nPGUS

(30 mLX3) F B, & A HUA, K Ve =, A
ToKBRRR N T4 12 h 5 B L0500, A E A e 4t
193] 14.4 g JC i AR = & 2PGHE L IR
60% ., FT-IR (KBr, vn./cm '):3 432, 2 862,
1570,1 441, 1 392, 1121, 928, 849, 771, 703;'H
NMR (400 MHz,CDCl;)8:7.62(d,J =12 Hz,2H),
7.49~7.55 (m,2H).7.30~7.34 (m,2H),7.26~
7.30 (m,1H),7.20~7.24 (m,1H),2.70~2.74
(m,2H),1.18(t,J =10 Hz,3H );* C NMR (100
MHz,CDCl,) 6:162.0,143.2,141.8,138.0,129.7,
127.8,127.5,123.5,116.3,114.4, 28.2, 14, 5;" F
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NMR (362 MHz,CDCl,) §:—117.4,

[ ¥, 2 % Ik % Kl & 3PG. 4PG
1 5PG,

5% 15.9 g Jo A FE I AK ™ i 3PG, I %
62%, FT-IR(KBr, vn./cm '):3 433,2 852,
1590, 1 448,1 397.1 021,918,869, 731, 702;
'"H NMR (400 MHz, CDCl;)8:7.62(d, J =12
Hz,2H),7.49~7.55 (m,2H),7.26 ~7.30(m,
3H),7.20~7.24(m,1H),2.62(t, ] =10 Hz,
2H).1.62~1.66 (m,2H),0.94 (t, ] =8 Hz,
3H);" C NMR (100 MHz, CDCl,) & 162. 0,
141.8,140.9,138.1,130.1,128.0,127.5,123.5,
116.3, 114.4,39.7,24.1,13.7;" F NMR (362
MHz,CDCL;)6: —117.4,

195 16.7 g JC 3% B IR 7= 5 APG, Il &
61% ., FT-IR(KBr, v, /cm '):3 430,2 863,
1572,1 440,1 391, 1 121,928, 848,761, 714;
"H NMR(400 MHz,CDCl;)¢8:7.62 (d,J =12
Hz,2H),7.49~7.55 (m,2H),7.26~7.30 (m,
3H).7.20~7.24 (m,1H),2.65 (t,] =10 Hz,
2H),1.33~1.35 (m,4H),0.89 (t,J =8 Hz,
3H);* C NMR (100 MHz, CDCl,) 6 162. 0,
141.8,141.5,138.0,130.1,127.7,127.5,123.5,
116.3,114.4,35.4,33.4,22.3,14.1; F NMR
(362 MHz,CDCl,) 6:—117.4,

155 18.3 g OB WK™ & 5PG, RN
63% ., FT-IR(KBr, v,./cm '):3 432,2 862,
1570,1 441,1 392,1 121,928,849,771,703;'H
NMR (400 MHz,CDCl,) 6:7.62 (d,J =12 Hz,
2H),7.49~7.55(m,2H),7.26~7.30 (m,3H),
7.20~7.24 (m,1H),2.64 (t,] =10 Hz,2H),
1.61~1.65 (m,2H),1.32~1.36 (m,4H),0.91
(t,J =8 Hz,3H );"”C NMR (100 MHz,CDCl,)
8:162.0,141.8,141.5,138.0,130.1,127.7,127.5,
123.5,116.3,114.4,35.7,31.4,30.9,22.7,14.1;
YF NMR (362 MHz,CDCL,) 6:—117.4,

2.3.2 Pk 2PGB(OH), %4 &

RS T , A #1100 mL 18
JE V06 W < AR TR Y 250 mL = H BE N
A 2PG 14 g, LK WA KM 70 mL, K R iR
FERE R —78 °CJa  JF IR AR T 48 70 mL(1.3
mol/L) , ¥ il 5 N i AN #B ok — 75 °C L i i 5g B
PUG AR S2 88 2 b 1) S 44 & rb i m i ig — |

fig 11 g(105 mmol) FIJE/K PU & Wk M 40 mL YR
BWW MR, BARTHR 2 = R, ) 4 h,
TLC RSN F F2 . N 45 S5 ] R AR &
Whne 23 mL ¥R /R (36 %) A1 80 mlL vK/K 4 %,
TR B Vi OK A o 31, K AR 2R 2 1 (30 mIL X
FEWL, B I HUAR K 2 P S T8 K Bt R 4N
TH#E 12 he, B AR, AMBEES .58 12 ¢
1k AR [ R 2PGB COHD, M g % 709 5
FT-IR (KBr, vu/cm '):3 347,2 995, 2 357,
1616,1545,1 391,1 340,1 126,1 038,1 002,
882,820,650,528;' H NMR (400 MHz, CDCl;)
8:7.88~7.96 (m,1H),7.62 (d,J =11 Hz,2H),
7.51~7.55(m,2H),7.32 (d,] =8 Hz,2H) .4.20
(s,2H),2.62~2.66 (m,2H),1.18 (t,] =8 Hz,
3H);"¥ C NMR (100 MHz, CDCl,) 6: 163. 3,
143.2,141.8,138.0,135.5,129.7,127.8,124.4,
123.5,116.3,114.4,28.2,14.5;" F NMR (362
MHz,CDCl,) 8:—119.6,

3, 2% FRBOB, 58] 12.5 ¢ A
KIEAR 3SPGB(OH), , It % 69% . FT-IR (KBr,
Vmax/cm 1) :3 356,3 067,2 956,2 863,1 616,
1543,1 392,1 351,1 159,1 114,1 054,1 001,
881,784, 731, 661, 570;'H NMR (400 MHz,
CDCly) 6:7.88~7.96 (m,1H),7.62 (d, ] =
12 Hz,2H),7.52~7.54 (m,2H),7.28 (d,] =
8 Hz,2H) ,4.20(s,2H),2.61 (t,] =8 Hz,2H),
1.62~1.66 (m,2H),0.90~0.98 (m,3H);"C
NMR (100 MHz,CDCly) §:163.3,141.8,140.9,
138.1,135.5,130.1,128.0,124.4,123.5,116.3,
114.4,37.9,24.1,13.7;" F NMR (362 MHz,
CDCl;)6: —119.6,

193] 13 g Ak K BK APGB(OH), , I %
68% ; FT-IR (KBr, vu../cm '):3 356, 2 928,
2 859,1 918,1 618,1 542,1 390, 1 344,1 130,
1018,884,816,659,538;'H NMR (400 MHz,
CDCly) 6:7.88~7.96 (m,1H),7.62 (d,] =12
Hz,2H),7.52~7.54(m,2H),7.28 (d,] =8 Hz,
2H),4.20 (s, 2H),2.65 (t. ] =8 Hz,2H),
1.52~1.60 (m,2H),1.30~1.36 (m,2H),0.85~
0.93 (m,3H);"*C NMR (100 MHz, CDCl;) &
163.3,141.8,141.5,138.0,135.5,130.1,127.7,
124.4,123.5, 116. 3, 114. 4, 35. 4, 33. 4, 22. 3,
14.1;“F NMR (362 MHz,CDCl;) 6:—119.6,
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153 14.2 g K K E K 5SPGB(OHD, , I
F71%., FT-IR(KBr, v,./cm '):3 359,2 922,
2 856,1 920,1 617,1 546,1 392,1 338,1 123,
1081,1 001,805,606,541;'H NMR (400 MHz,
CDCly) 6:7.88~7.96(m,1H),7.62 (d,J =12
Hz,2H),7.52~7.54(m,2H),7.28 (d,] =8 Hz,
2H),4.2 (s,2H),2.64 (t,] =8 Hz,2H),1.60~
1.66 (m,2H),1.30~1.38 (m,4H),0.88~0.94
(m,3H);*C NMR (100 MHz,CDCl;) §:163.3,
141.8,141.5,138.0,135.5,130.1,127.7,124.4,
123.5,116.3,114.4,35.7,31.4,30.9,22.7,14.1;
YF NMR(362 MHz,CDCl,) &:—119.6,

2.3.3 ¥4k nPGUNH, & &

RSP T AR R EE RE T,
BE W FE RS 500 mL = B i A 2PGB
(OH),10 g(41 mmol).2,6- " -4 % 8.5 g
(41 mmol) . TE/KBKBERER 22.6 g(164 mmol) , 5 &
T7K 40 mL. PUE KM 180 mL ., B % 80 mL.Pd
(PPhy), 0.23 g. JHR IR 5 h J5 . TLC B Ry
HEFR  FRE RNV A5 RS L B 2 20, 0, 2 DO &k
M5 s A 100 mL 12 & TR % i, 47 e K AH H
LR TR (30 mL X 3) FEHL, & I A HLAH, Kk &
HRPE S I A TCOK B R A TR 24 h K AS B
R it 5 PR B 0 e Tk 445 R A5 8] 9.5 g R
A 7= 2PGUNH, M), g R 71% ., FT-IR
(KBr, vy../cm '):3 432,2 862,2 016, 1 570,
1441,1 392,1 121,11 035,928, 849,810, 771,
703,583,510;'H NMR (400 MHz, CDCl;) 9
7.57~7.59 (m,2H),7.41~7.47 (m,3H),7.33
(t.] =8 Hz,2H),7.18~7.20(m,2H),3.89 (s,
2H),2.68 ~2.73(m, 2H),1.03 ~ 1.08 (m,
3H);"® C NMR (100 MHz, CDCl,) & 161. 1,
159.1,158.6,156.6,145.1,144.0,143.9,143.5,
136.2,135.4,130.2,129.1,126.8,124.1,123.1,
114.5,112.4,112.2,110.0,77.4,77.1,76.7,35.6,
31.6,31.1,22.6,14.1;' F NMR (362 MHz,
CDCly) 6:—116.9,—117.3,

[FHE, 2% R BRI, U fs 10 g ¥ B (A [E
& 3SPGUNH, ., it R 72%. FT-IR (KBr, v,../
em 1):3 432,2 950,2 856,2 209,2 013,1 574,
1473,1 389,1 270,1 180,1 029,935,867,815,
703,654,603,504;' H NMR (400 MHz, CDCl;)
8:7.57~7.59 (m,2H),7.41~7.47 (m,3H) ,7.33

(t,J =8 Hz,2H),7.18~7.20 (m,2H),3.89 (s,
2H),2.68~2.73 (m,2H),1.7~1.79(m, 2H),
1.03~1.08 (m, 3H );"* C NMR (100 MHz,
CDCly) §:161.1, 158.6,156. 6, 143. 2, 135. 2,
129.1,126.8,123.1,114.6,112.2,110.0,76.7,
37.7,29.8,22.7,13.9; “F NMR (362 MHz,
CDCly) 6:—116.9,—117.4,

13510 g P A E K 6 APGUNH, , i %
69% . FT-IR (KBr, v,./cm '):3 424,2 933,
2879,2 217,2 121,1 633,1 479,1 395,1 182,
1 140,1 030,930,861,813,654,591,520,456;'H
NMR (400 MHz, CDCL,) 8:7.57 ~7.59 (m,
2H),7.41~7.47 (m,3H),7.33 (t, ] =8 Hz,
2H),7.18~7.20 (m,2H),3.89 (s,2H),2.68~
2.73 (m,2H),1.43~1.74(m,4H),1.03~1.08
(m,3H);*C NMR (100 MHz,CDCl;)8:161.1,
159.1,158.6,156.6,145.1,144.0,143.4,143.5,
136.1,135.4,130.2,129.2,126.7,124.0,123.1,
114.5,112.4,112.2,110.0,77.4,77.1,76.8,35.4,
33.6,22.5,14.0;F NMR (362 MHz,CDCl,) ¢
—116.9,—117.3,

33 10.5 g W B @ [ K i SPGUNH, , 1L
K 70%, FT-IR(KBr, vy,/cm '):3 431,2 949,
2 858,2 212,2 014,1 575,1 477,1 387,1 278,
1183,1 026,937,869, 814,702, 653, 606, 508;
"H NMR (400 MHz,CDCl;) 8:7.57~7.59 (m.,
2H),7.41~7.47 (m,3H),7.33 (t,J =8 Hz,
2H),7.18~7.20 (m,2H),3.89 (s,2H),2.68~
2.73 (m,2H),1.66~1.74(m,2H),1.30~1.42
(m,4H),0.95 (t,3H);* C NMR (100 MHz,
CDCl;) 6:161.1,159.1, 158.6, 156. 6, 145. 1,
144.7,144.0,143.9,143.4,136.1,135.4,130.2,
128.6,126.7,124.0,123.0,114.5,112.2,110.0,
77.4,77.1,76.8,28.6,15.5;""F NMR (362 MHz,
CDCly) 6:—116.9,—117.4,

2.3.4 B AFA Y nPGUS 4 &

) 5 BRI A BEAE L 100 mL 18 7K 7% W U -
ARG TR TR R T ARG B FE () 500 mL = FBE I H
A 2PGUNH, 8.5 g(26 mmol) .45 6.5 g(65
mmol) . £ B 77K 30 mL, & % 200 mL ¥
NAARIBEREZE 0 °CL,IF LR N CSCL, 7.5 g(65
mmol) il 80 mIL — & FF ke 41 A W TR & 1 W . 725001
T SR A PR B I A ZR R B AN 2t BRI AL TR
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SERELUE ARERTE 0~5 C RV 2 h, HRTHE R %
N 0.5 hy FHE & IR W 1 h, TLC BRER
o HERE  BF IRV A5 WS L if A 100 mL JoK £ B
$£ 0.5 h B2 55 Bl 3. KA
Pt (50 mLX D FEW, GIFA P, KR PG,
T TG K B BR A T4 24 hs 6 R Rk G
(200~300 H ) F14: J& W B 500 25 47 45 )2 A 42 28, 1]
A1 Tk (60~90) Pk, 2828 5 25 i J5 45 31 e BH R
(0)=7.5X10"Q « cm K 6.7 g [ £ [E 14 &
2PGUSH Y, it % 70% ., FT-IR (KBr, v,./
em '):3 433,2 962,2 017,1 571,1 443,1 396,
1123,1 036,939,859,815,770,702,593,511;'H
NMR (400 MHz,CDCl;) 6:7.57 (d.J =16 Hz,
2H).7.41~7.50 (m,3H),7.35 (d,] =12 Hz,
2H),7.25 (d,J =10 Hz,2H),2.73~2.79 (m,
2H).1.34 (t, ] =16 Hz,3H);" C NMR (100
MHz,CDCL,) &:161. 1, 159. 1, 158. 6, 156. 6.,
145.1,144.0,143.9,143.5,136.2,135.4,130.2,
129.1,126.8,124.1,123.1,114.5,112.4,112.2,
110.0,77.4,77.1,76.7,35.6,31.6,31.1,22.6,, 14. 1;* F
NMR (362 MHz,CDCl,) 6:—116.8,—117. 4,

ML, 2% ok 458 7.2 ¢ (@A™
i 3PGUS, L% 73% ., FT-IR(KBrs v, /cm ')
3431,2 955,2 866,2 206, 2 023,1 576, 1 477,
1397,1 274,1 178.1 034,937,869,809,702, 656,
601,505;"H NMR (400 MHz,CDCL,) 6:7.56 (d.
J =16 Hz,2H),7.49 (t,J =20 Hz,H),7.44(d,] =
8 Hz, H).7.41 (s, H),7.32 (d,J =12 Hz,2H),
7.25 (1.] =10 Hz,2H),2.68 (t,] =12 Hz,2H).,
1.71~1.76 (m,2H),1.04 (t,] =16 Hz,3H);"C
NMR (100 MHz, CDCl,) 6 161.1, 158.6, 156. 6.,
143.2,135.2,129.1, 126.8, 123. 1, 114.6, 112. 2,
110.0,76.7,37.7,29.8,22.7,13.9;" F NMR (362
MHz,CDCL,) 6:—116.9,—117.4,

148 7.3 g B AR 7 4PGUS, i %
71%. FT-IR (KBr, v, /cm™'):3 421,2 934,

2 861,2 207,2 131,1 613,1 479,1 396.1 183,
1130,1 033,934,866,812,654,592,526,459;'H
NMR (400 MHz,CDCly) 6:7.56 (d,J =16 Hz,
2H),7.41~7.50 (m,3H),7.32 (d,] =12 Hz,
2H),7.26 (t,J =10 Hz,2H),2.72 (t,] =12
Hz,2H),1.70 (m,2 H),1.43~1.48 (m,2H),
1.02 (t,J =16 Hz,3H);"”C NMR (100 MHz,
CDCl;) 6:161.1,159.1, 158.6, 156. 6, 145. 1,
144.0,143.4,136.1,135.4,130.2,129.2,126.7,
124.0,123.1,114.5,112.4,112.2,110.0, 77. 4,
76.8,35.4,33.6,22.5,14.0;F NMR(362 MHz,
CDCl;) 6:—116.8,—117.8,

1238 7.2 g BB E ARG SPGUS, I %
68% . FT-IR (KBr, v./cm '):3 435,2 929,
2 856,2 217,2 076,1 572,1 480,1 400,1 265,
1177,1125,1 034,940,863,809,704,654,599,
543;'H NMR (400 MHz,CDCl,) 6:7.55 (d.J =
16 Hz,2H),7.41~7.50 (m,3H),7.32 (d,J =12
Hz,2H),7.26 (t,] =10 Hz,2H),2.69 (t,] =12
Hz,2H),1.66~1.74 (m,2H),1.30~1.42 (m,
4H),0.95 (t,J =16 Hz,3H);"* C NMR (100
MHz,CDCl;)8:161.1,159.1,158.6,156.6,145.1,
144.7,144.0,143.9,143.4,136.1,135.4,130.2,
128.6,126.7,124.0,123.0,114.5,112.2,110.0,
77.4,77.1,76.8,28.6,15.5;F NMR(362 MHz,
CDCly) 8:—116.9,—117.4,

24 BRAESYEESSINN B %R

SRR S M 2 3 =08 B ik A
Wyt e — g L Ot A B 1520~ 30 ) IR A
BC il AL A P AE R BEAR oy F 458 WL 2) S B
TR & 53 55 B ) B R & 9 nPGUS DL K&
XF Wy 5PP (1) US 1 5PPUSHY 4% 5t 43 % b
18%0~20 %% Ll i A7 IR A e il . 75 3 = R T 2
SIMSW MG, W3R 1 PR IF R A&
P A3 00 K B AT T AHE = M (10 ~ 35 GHz) T Y
I PERE .

x1 RERRBESREEHE

Tab.1 Mixed liquid crystal composition and content

o RS/ Y T Es WL G WIS/ %
M-2PGUS 82.00

F F
15.00
F




1220 Wih 5 s % 36 %
& R
P BEAREE/ % T4 WG &g/ %
F F
M-3PGUS 81.28 CH, O O O NCS 18.72
F
F F
MAPGUS 81.46 CAHchs 18.54
F
F F
M-5PGUS 79.92 CSH,,Ncs 20.08
F
CH,
M-5PP(1)US 80.61 CSH”NCS 19.39
F
F
M-5PPUS 79.99 canncs 20.01
F

H2n+lcn — = O CmHZMH

Bl 2 BERW G =K i FEME X (,m =
2~6)
Fig.2 Molecular structure of triphenyldiyne(n,m =

2~6) for the matrix liquid crystal

3 4R5H%

31 BHRAEWERNKEBIES N

HArfb & 9 A A SR B R TA 2 A Q-
2000 712 R 43 A7 9 B AU 2 L 7E ARSI
T IR 210 °C /min; HFRALS Y0916 B 3
Flh 40~190 °C; il 1K 7 A " XPE-100E
P 55 D e A A (POMD I 2 H 5 AL A 40 14
FAZSZUR 1 2 MRS 28 AL, SR FH 8 7 MR A9 1 )
HArb &9 An,

H1 2% 2 FE 3 Al %0, HARIL & 0 0 SRR,
SR b P T Rk e T e AT RIS S AR
AT i) 370 U R 22 300 A A8 807 1 50 L A )
TR 5 R 1) B AR AH BEAR T AT B B TR 4
14775 5 A T ) A A B8 . X P X R 4, — ik
Shy 2 TRk dot i A HE B R AR IR B R S Y CHL
SN A W B AR T A R, Y e R B U AT K
B Ak 7 ) AE 43 Rl O 1)L X R B, 23 AH
JOF L 358 01 3 4 985 5 s DA K G 09 1) B AH s 2
Jot S SR A RIS R o A 16 T A B 43 T I R M
SRR X A4S 3 - 0T 5 a5 DL K ) B A S8 R
R L, nfb &9 SPGUS B9 B AR (57.4
C) s WAL Wk &4 3PGUS 115 ¢ 5
He i (169 °C) 5 X 24k & Wy 1) 51 AH VI [ AT HL 8 58
(Z=84.7 °C) 1 91.8 °C 5 B AT BT 5 1y
£ 0.385 LA b, I LBl % i i Jor 56 55 e Ji - 45034
s FERUST 5 F 0 A7 W

®2 BRAEYHEEEESAFEREOREHE

Tab.2 Phase transition temperature and optical anisotropy data of the target compound

Hirfb &9 AR/ C ATy/C An (598 nm)
2PGUS Cr 75.9 N 160.6 Iso 84.7 0.393
3PGUS Cr 77.2 N 169.0 Iso 91.8 0.388
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o R
Hirfb &Y AR IR B/ C AT\/TC An (598 nm)
4PGUS Cr 66.3 N 155.2 Iso 88.9 0.385
5PGUS Cr 57.4 N 159.2 Iso 101.8 0.387

TE : Cr IR Fb K s N IR 81 51 AH 5 Iso 7R 4% 1wl [ 1 W 1A

1807 — {37 980 LT T 00 43 1 47 1 08 B0 6 5 Bk
s U ey 1A AT A LRSI SPPCD US Rk B AT
ol B A A A

5 5 AL AL B ) nPGUS(n=2~5) B4

gm- FEL 5 i 5 S 0 1 52 11 725 A 0 L 2 90 o

" oo k//*-*/// P 7 Al K B B A L R
g0k /N H JE SPGUS (1 A L it #E K 3PGUS Hl

F—_—\\\\\\\\ APGUS T fig 2 PRl e 6 1 5 3 6 6 W 53 T 1 %
L B Bk T A RS L4 1 5PP (D US M4

1 1 | 1
2PGUS 3PGUS 4PGUS 5PGUS

wam HE, R A /) AT i A1 A 57 g P A 1
B3 BAREEY nPGUS A28 i B 25 1k i 2% 0.015] —a—M-2PGUS
Fig.3 Phase transition temperature curves of target :xjﬁgﬂ:
compound #PGUS "] [srons
0.011+ —e—M-5PPUS
32 SN BMEENRKERESH o 00107
[ 4 J2 AN (7] 45 460 Y& 6 B 0 A BRI T Y 5 0009
AL m S, IWE 4 haf LA I f 0.008-
A WIAE B AR (10~ 35 GHz) T B/ B 03 kK 0.0071
F0.89, H i nPGUS(n =2~5) 1 5PPUS Y4+ 0.0061— — . , :
L4 1] SPE A K T 0,92, T A& 4 SPP(1US ) O E B o ¥

Frequency/GHz
A L AR /D . X ] REJE N SPP (1) US

o =R LB L A 1) B T o
A7 A AR R S H P A7 A o B (R B B 9
HL A% 1) 57 R AR T K 5 90 n PGUS HLL 28 30

Bl 5 AEARET A AR L (20 1O
Fig.5 Change curves of dielectric loss value with

frequency at 20 C

Losl M-2PGUS 0.290
i M-3PGUS —a— M-2PGUS
1.06 M-4PGUS 0.285} —o— M-3PGUS
NMLSPGUS —4— M-4PGUS
1.04 M-5PP(1)US 0.280 —p— M-5PGUS
Lozl —<— M-5PPUS —4— M-5PP(1)US
ook 0.275} —«— M-5PPUS
< o098 . 0270}
0.96 - 0.265}
094+
0.260}
092}
o906k 0255}
0.88 L y . ! y y
10 15 20 25 30 35 G0 15 20 2 3 35
Frequency/GHz Frequency/GHz
P4 AN T A oL 4 10 57 e (20 OO 6 ASIRIA A AT o7 3 ) 2 5 2 (20 °C)

Fig.4  Change curves of dielectric anisotropy with Fig.6 Change curves of tunability with frequency at

frequency at 20 ‘C 20 °C
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% 36 &

PRI T 2 3 BE 3 R Y5 1 00 7Y oo HL T35
PERT 2 2L

HI & 6 FT T Bl 35 A3 A 3, 44 & P A
B2 TR R Co) # AT B i AR AL A 5 4 e
R — 2 o 3PGUS By A A AT A 3
PE(O K /N2 SPP(D US, X 5669 1A
HL RO 5% A WU OB AL TR B AR RO

—s— M-2PGUS
40 —e— M-3PGUS
—4— M-4PGUS
—v— M-5PGUS
35+ —— M-5PP(1)US
—— M-5PPUS
30+
L
25
20+

Frequency/GHz

7 AR [ i AR (20 O
Fig.7 Change curve of quality factor with frequency
at 20 C

K7 2 6 Rk A A BEVR IR o i i 5T DR B
PR, mHHEAR 5 = o/ tande, | A ALy
A LR OB IE L, S A AR R LG . T
ATRLE L6 AN A i o R KT 20, 4 40
FIKF| 18 GHz . nPGUS R4k 4 W i i H %k
KT 30, 3% F BT A B AL A 038 & T 7 ok A
B
33 AAGEHMARKEDHESERES

¥ B AR A W0 AH 2 5 5 K A 3 T A VA AR
A% 5SPPUS H1 5PP(1) US (K4 B 1 fE A i 245 1
FEXE b o . R BLASCE R n B iRk AW
nPGUS B M ATE 18 GHz M/ PR RER — & 22
St BRSO 3 iR . () BARE G ¥ 5PGUS
Y5k 57.4 °C ik T 5PPUS, {H & T 5PP(1) US;
(W ALEH 5PGUS 1 [n] 51 AH 25 I BE Y6 6l Ry 101.8
“C L1 5PP(1)US B4 2B AR AH 245 . 5PPUS #Y
A AHGE JA 76.2 °C U] nPGUS 43 Hb 4834
A7 4 S B AT R 1 0B sk 1 370 R VA 4
A X AT A H IR SR - OO T A AR v
Fezs [ B, 2 T o FIRE R 1A %

R3 EMKISCHz TARLMBRLEWHNMEMEESH(20 C)

Tab.3 Dielectric parameters of LLC compositions at microwave 18 GHz at 20 C

[latx’ €/ € HHAS R B/ °C

SPGUS 3.587  2.637
5PPUS 3.546  2.620

SPP(DHUS  3.525 2.613 Cr 48 Iso

Cr 57.4 N 159.2 Iso

Cr 96.9S, 112.4 N 188.6 Iso'®!  0.926

Ae, tande, | T 7 JAV/
0.950 7.76E—03  0.2648 34.13 0.270 1

6.72E—03 0.261 6 38.92 0.270 6
0.912 6.98E—03  0.2587 41.00 0.261 0

T Cr BRI N R 5 5 Tso FRm 45 1) [B PR WA s e, ) 7R S0P AT A HUH B e, Fo0R Wi 15 A0 8 0 80 Ae, R
718 19 WA P B s tande | R 8 A0 TE LA AL BUAE (e R A LBAR) 5 o SRR AR, AT IR L 5 SRR w0 B R AL p=1/
tande, | ) 5 An 78 AR AT R (An ., = Ve — Ve )

P AT L FE BRI BE (5~ 30 GH2) F . & #
2 R IR T R B 2B ) (n PGUS) A %t
T A 25 F 2Bl ) = IR AL G P A B A
JIN S AH A TR o T PR BCRR f 5 SE B 3R W n PGUS
FEAT I FAE S 00 38 15 #5400 PV A R 2

ARICE it Suzuki Coupling MG W T H
FrAL B (i PGUS, n=2~5) , BN TH 4> T 451 &
i IR.'H NMR.®C NMR ., “F NMR % & 57

Y TE R 43 5 F TE A 5 3 gl e G b OB R 22 X
PRI G WA Sk R RS R
Wi H AR A W 0 BT 5% TR H AR AL A e
il BV LA R R T 3 IR I I vk T
i (5~30 GH2) FAr i tkERE. M RNL5eWT .4
N AL E Y @ PGUS, n=2~5) 4 AR, A%
Hp57.4 °C, P IR M S A A (AT = 84.7
C) AT % An {E7E 0.390 47 KL B
(nPGUS,n=2~5) 245 il )5 5 B R W iR &
JRFFTE 18 GHz B4 L3 0 (Ae ) 2 095,47
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HL B EE M (tande, ., ) 0.00 763, AH A7 0T 6150 (o) FH T R i (A A R s b, MR R R
0.265, 1 f Bk FH 150 510 A I8 4 R 1 B R, AT B EW AR AR PR T LK R,
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