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Dielectric Properties of
2,3-Dicyano-4-pentyloxyphenyl
4’-pentyloxybenzoate (DPP) Mixtures
with Non-polar Liquid Crystals (LC)

V. SESKAUSKAS, P. ADOMENAS and E. KUTAITE

Vilnius V. Kapsukas State University,
232008, Vilnius, Partizany 24, USSR

( Received December 9, 1982; in final form May 23, 1983)

The static dielectric properties of four binary mixtures of DPP and non-polar LC were
investigated. For each system the effective dielectric anisotropy of DPP was calculated
by means of linear extrapolation. The essential influence of the polarizability of
non-polar LC molecule on the effective value of DPP dielectric anisotropy was shown.
The influence of non-polar LC matrix on the effective value of the dielectric permittivity
of DPP is discussed.

INTRODUCTION

Liquid crystalline compounds, derived from 2,3-dicyanohydroquinone,
are characterized by large values of negative dielectric anisotropy.!=3
Mostly these are non-mesomorphic materials or monotropic LC. How-
ever, they are widely used as components in LC mixtures for various
electro-optic applications. Dielectric properties of these compounds
are commonly estimated by means of linear extrapolation from dielec-
tric permittivities of their mixtures with non-polar LC.

RESULTS AND DISCUSSION

The investigation was carried out using 2,3-dicyano-4-pentyloxyphenyl
4’-pentyloxybenzoate (DPP)

C,-,HHO—@COO OC,H;;.

NC CN
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This compound is non-mesomorphic; it exhibits inter-solid phase
transition at 76 °C, melts into the isotropic state at 91°C (the enthal-
pies of these transitions are 3.0 kcal /mole and 5.8 kcal /mole, corre-
spondingly) and exhibits a virtual phase transition into the nematic
state at 48°C. DPP is characterized by maximum value of negative
dielectric anisotropy (Ae = —25) among the derivatives of 2,3-
dicyanohydroquinone. The temperature dependencies of static dielec-
tric permittivities were measured for the following non-polar LC
solvents:

¢ Hg-O)-c000)-0CsHhy (1)
¢ H{O—-czc~QOr0cyH (1)
¢ HO-N=N~O)-0C,Hys (1)
¢t ~Nr-coo-O)-oc,Hy (V)

The results are presented in Table 1. The dielectric properties of
binary mixtures (10% DPP with 90% non-polar LC solvent, by weight)

TABLE I
Dielectric properties of non-polar LC (I), (II), (III) and (IV)

LC T/Ta.y 094 095 096 097 098 099 1.01 1.02

) € 438 436 435 434 433 432

C306N491T ¢, 473 470 467 464 461 458
€ 443 439

Ae  —035 —034 —032 —030 —028 —026

(n € 335 334 332 331 329 328

C46 N8LSI €, 324 323 321 320 318 317
€, 319 3.18

Ae 011 011 011 011 011 011

(1) € 330 328 326 324 321 318

C6IN7051 €, 296 295 294 294 294 294
€0 : 2.96 2.94

Ae 034 033 032 030 027 024

av € 299 299 299 300 301 3.05

C43N1021 €, 370 368 365 3.62 358 353
€ 331 3.30

i

Ae  —071 —069 —0.66 —062 —057 —048
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DIELECTRIC PROPERTIES OF DPP
TABLEII
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Dielectric properties of binary mixtures (10% DPP + 90% non-polar LC, by weight)

System  T/Tyn.; 094 095 096 097 098 099 101 102
DPP + (1) ¢ 576 575 577 578 580 590
C2IN43ST ¢, 790 784 772 761 149 735
€ 6.73 668
Ae  -214 -209 -195 —183 -169 —145
DPP + (II) € 423 423 424 425 429 435
C46NT21 €, 555 550 544 538 531 521
€ 482 478
Ae  -132 -127 -120 -113 -102 -086
DPP + (Il) ¢, 412 414 415 416 418 425
C52N671 €, 521 517 512 508 503 496
€ 472 469
Ae  -109 -103 -097 -092 -085 -0.71
DPP + (IV) € 423 423 424 425 432 44
C40N 921 €, 608 599 593 586 578 559
€ 515 5.10
Ae  -185 —-176 —169 —161 -146 —117

are presented in Table II. The dielectric anisotropy (Ae¢) of DPP was
calculated by means of linear extrapolation at reduced temperature

Tp = 094 - Ty_p:

Aeppp = [Aepc_ppp — 0.9 - Aer]/0.1.

The results (Table I11) clearly show that the dielectric anisotropy of
DPP calculated by means of linear extrapolation depends upon the
LC solvent used and grows together with LC solvent’s molecular

polarizability value.

TABLEIII

Extrapolated values of DPP dielectric anisotropy Ae, . at Tg = 0.94 - Tyy_;

System €, €, Ae A€y,
(o)) 438 4.73 -0.35
10% DPP + 90% (I) 5.76 7.90 ~2.14 —-183
an 3.35 3.24 0.11
10% DPP + 90% (II) 423 5.55 -1.32 -142
11D 330 2.96 0.34
10% DPP + 90% (III) 412 521 -1.09 -14.0
av) 2.99 3.70 ~0.71
10% DPP + 90% (IV) 423 6.08 —1.85 -121
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EXPERIMENTAL

All the compounds were carefully purified by recrystallisation until
reaching a constant melting point. Measurements were made on R571
capacity bridge at 10 kHz in 0.62T aligning magnetic field.

CONCLUSION

The extrapolated dielectric anisotropy values of LC with large dipole
moment perpendicular to long molecular axis are correct only for the
systems they were measured in and cannot be applied universally.
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