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CHAPTER V

DIELECTRIC PROPERTIES OF BIPHERYLw4-p-n=ALXOXYBENZOATES

Antroduodion

In the previous two chapters ve presented the
static as well as dynamic behaviour of the principal
dieleotrie constants ot mezbers of two homologous
series (n0B and n ONMCPO) having a stxong positive
dielectric anisotropy. Three intorcsting results
snerged from these studies: (a) Although & and Ty,
show an alternation with inoreasing alkyl chain length,
the dieleotric anisotropy Ae decreases contimuously
as the homologous serios is ascended. (b) The
relaxation frequency !.'n shows an alternation similar
%o _2': and 8. (o) The aotivation snergy ¥ iv the
same for all the homologues studied.

In $his chapter we present our results of
the dielectric studies on diphenyl=i-p~n-alkoxy
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bensoates (Ba CB) exhiditing a | AW positive
dielectric anisotropy. in contrast to the strongly
positive ocompounds the dielectria anisotropy of this
homologous series sxhidits a behaviour similar to
that of ’nx and the value of ¥ increases for the
higher homologuss. However f, alternates similar

to T, Just as in nCB and n OMOPO.

Bn OB were aynthesiszed Dy Sadashiva amd

Subba Rao.! The first five members of the homologous
series exhibit a monotropic nematio phase. A nmono-
tropic smectic phase which appears at the oo tyloxy
derivative is bdelieved to be smectio A aﬁ;une it shows
a sirmple fan-shaped texture. We have moasured the
static dielesctric constants of the six successive
homologues n = § to 11 and the dleleotric dispersion
of four suocessive homologues n =» 7 %o 10, Thelir
trancition temperatures are given in table S.1 m

thelr struotural formula in Ligure 5.1.
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Table 5.1: Tramsition temperatures ef Bn OB
| (n = 6~11).

Temperature of transition to

Compound gig0tic  Nematio Zaotzapio

(*0) (0 (
B6 oB - 132.5 135.5
37 B - 128.0 130.0
B8 0B (97.4) 120.0 131.0
B9 aB  (101.0) 19,8  127.5
B10 B  (106.0) 11,0 126.5
B11 0B 100.5 109.5 124.5

Transition temperatures in parentheses indicate
monotropic tranasition.



e 5,1

Structural formula of biphenyl 4~p-n-alkoxy
benzbatﬁ_ep: (Bn m, a=6-11).



The experimental set up used for doth the
static and dynanic measurenents has been dosoridbed
already in chapter III and will mot bde repeated here.

We will only present the results and discuss then,.

Results and Discussion

A. Statio dlelecotric constants

The principal dielcotrie aomml in the
nomatio (e, and el) and isotropio (&,,) phases of
Bn 0B (n = 6 %o 11) are given in figures 5.2-5.7 as
functions of temperature. The nematic range of the
hexyloxy and heptyloxy derivatives is very small
(2 and 3 °C respeotively). However the dieleotric
constanta of these two derivatives are measured down

to 12 °C below :'cm by auporoobuns the sanmple.

Tadble 5.2 givaea tho values of cn. cl as woll

as Ag fLor Bn 0B (n = 6 to 11) at & common relative

temperature of (mm - 2)*C. $he values of € and ¢

decrease with increasing alkoxy chain length. The
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Zable 5,2: Principal diecleotric conctantas and
dielectric anisotropy of Bn 0B at

(Tyg = 2) *0

Compound €, € Jax 3

BS B 4.29 3.76 0.53
BT OB 4.22 3.77 0.45
B8 08 4.13 3.63 0.50
B9 0B 2. 86 3. 46 0.40
B10 0B 372 %56 0.36
B11 (B 3.55 523 0.3%2
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dieleotrio anisotropy is amall and positive for

all the compounde. As observed?*> in other homo-
logous series of compounds with small positive
dieleotric anisotropy, the valus of Agc when plotted
as a funotion of the number of carbonm atoms in the
alkoxy ohain gshows an alternation aimilay to that
exhibited by T,, (see figure 5.8). In fact both Ty,
and Ag¢ alternate only bhotween B6 (B and BS 0B,

Beyond B9 OB they show a continuous deorease.

The average value of the disleotrie comstant
€ = %(e" + 2¢c. ) ard the extrapolated isotropic value
are not shown in figures 5.2-5.7 since the differerce
between ¢,, and £ is less than 0.5  This isin
contrast t0 the large difference (4 = 57) observed in

atrongly positive compounds (see chapters ifI and 1IV),

In the temperature range measured, all the

compounds except the undeoyloxy derivative show t he

normal behaviour of increasing s:“ and deoreasing al
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The dlelectric anisotropy ( Ae) taken at a common relative
tenperature of (Tm -« 2)°C and nenatic-~icotropic transition
tenmperature ('J.’M) as functions of the number of carbon
atoms in the alkoxy c¢hain foxr Bn (B.



with deorease of temperature. In the undecyloxy
ocompound, at temperatures below (tm - 6)°0, e
decreases while e inoreases with decreass of
temperature (figure 5.7). Unfortunately, owing to
the difficulty in alignment, we gcould not measure
the dielectiric constants in the smeotic phase to see
whether this anomaly leads to & change in the a.tén

of Ac as chsarved ia alkyl asoxybsusenes.d!’

B. Dieleotric dispersion

The low freguency dispersion Of e wao
measured for the four successive homologues,
B7 OB -~ B10 0B.  Por each compound the dispersion was
measured at difforent temperatures in the frequency
range of 0.4-15.0 Miz. In figures 5.9-5.12 wa have
plotted ¢! versus frequency for all tho oompounds.
Figures 5.13~5.16 are the Cole~Cole plots at different
temperaturea. All the arcs are semicircles with their

eentres [ying on the e“'-—axia characterising a single
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Cole~Cole plots for B7 OB at (a) 112.95 *C
(b) 115.1 °¢ (e) 117.6 °C and (4) 121.3 °C
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Cole-CUole plots for BY OB at (a) 111.6 *C
(b) 116,00 °C and (c) 118.1 °0C.
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relaxation time, We determined the relaxation
froguency only in the supercooled region of the
nenatic phase sinoe tk at higher touperatures

wém beyond the frequensy range of our experimental

set up.

In all she compounds, the dielectrioc aniso-

tropy shows & ohangs | N the sign and the freguency

Of aielectrio isotropy £, is very close t0 £, (see
table 5.3). In figure 5.17 we have plotted log £
and log 1’0 taken at a common relative temporature

of (Tyy = 2) "¢ and Ty, os funotions of the number
of carbon atoms in the alkoxy ohain., All the three

of them alternate in a elmilar fashion with inoreasing

alkoxy ohain length just as in niB and n OHOPC.

In figures 5.18 and 5.19 we have plotted
log £, and log £, W functions of 1, For all t he
compounds both fn and £, give the same valus of W

within the experimental error (sce table 5.3). Ihe
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Tadle 5,73 The values of relaxation fregquency (ta).
frequency of dielectrig 1sotropy (£5) and aotivation

energy (W) for Bn B (n=» 7 - 10).

R S RN

Compound ‘Tempe- f,(Mz 2. (MHs W, (eV) W, (aV
(°c)
112,95 Se4 4.7
: 115.1 5&9 5.3 ‘

B7T QB : 0.621 0.608
117.6 6.8 5.9
121.3 8.0 Tl
107.9 4,2 4.3
110.25 4.8 5.0 ’

38 0B - 0.621 0.628
113.3 55 55
118.5 7.0 -
111.6 5.0 4.5

B9 OB 116.0 6.5 5.9 0.718 0.736
11&301 7“ 607
105.2 3.0 2.85
107.6 35 3.25 :

B10 OB 0.806 0.806
1'0.‘ 4.2 3070
1‘3.6 500 4.’0

*
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Log i&‘o and log IR at a relative temperature
of (Tm - 2)%¢ and Tyr a8 functions of the
number of carbon atoms i N the alkexy chain of
Bn OB.



fQ {(MHz)

5.__

2 | I

25 26
1 b
/T, X 107 K
Figure 5,18

Log £, as a funetion of 1/T for BT CB (c), B8 OB (e),
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value of W remains the same for heptyloxy and
ootyloxy derivatives but inoreases systematically
|Oor the nonylaoxy and deoyloxy derivatives. An
inorease of W may be expected for & compound which
shows a smectic phase at a lower temperature, as
has beon observed in the cave of 4,4'-di~p~alkoxy

6 But this argument does not hold

azoxybenzencs,
good fOr nCB and n OMCPC wherein no such increase

in W 1z obgerved with the occurronce of the smectic
phasa. Heither does 1% hold good ﬁn thae prasent
cane, viz,, Bn OB for no inocrease is odbeserved on
going from the heptyloxy to the ootyloxy derivative,
even though the latter shows an aﬂditianal monotropic
smectic A phase. Thus the proeolise relaticnabip

between the activation energy and the ohain length

io yet %o be explained in detall.
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