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Phase Behaviour of Nematic and Non-Nematic
Binary Systems I'V-P-Terphenyl and its Analogues
in 5CB

T. ITO, N. KANZAKI, R. FUKAZAWA, K. ASABA and S. KOBINATA

Toin University of Yokohama, 1614 Kurogane-cho, Aoba-Ku,
Yokohama 225-8502, JAPAN

If there are suitable molecular interactions between nematic and non-nematic molecules and
the resulting complexes have suitable length-to-width ratio, nematic-isotropic phase transi-
tion temperature (Tyyp) can rise contrary to usually observed fall. This types of rise in Ty
were observed in binary systems composed of 5CB and aromatic acids, and were ascribed to
the formation of hydrogen bonded complexes between 5CB solvent and non-nematic solutes
[1-3].

We newly found that the Ty rose in the binary systems in which there can not be expected
to exist any hydrogen-bonded complexes. We studied the possibility of the complex forma-
tion by molecular interactions other than intermolecular hydrogen bonding between SCB and
non-nematic solutes. Their consequences on thermal properties of binary systems were inves-
tigated.

Keywords: charge-transfer complex; continuous variation method; weak cluster-type com-
plexes; electronic absorption spectrum; MOPAC

INTRODUCTION:
In general, when a non-nematic solute is added to a nematic, nematic-isotropic phase

transition temperature (T,,) decreases with increase in non-nematic concentration [4-6].

We have found that the formation of hydrogen bond complexes between the nematic SCB

145



Downloaded by [University of Haifa Library] at 08:52 16 August 2012

146 T. ITO et al.

and suitable solutes, such as benzoic acid and phenol derivatives, caused the rising of Ty, or
definite lowering of the rate of decreases in Ty, with respect to solute concentration [1-3]. It
has been proved that considerable part of benzoic acid exist as ring dimer in 5CB and
suggested that these ring dimer might contribute T), increase. In this paper, we studied the
several solutes, which have similar molecular length and width with ring dimer of benzoic
acid, such as p-terphenyl, anthracene and biphenylene. We observed; T, rose in the binary
systems composed of p-terphenyl and anthracene solute in 5CB, in spite of the hydrogen
bonding interactions were not expected to exist in them, while biphenylene/5CB system
showed Ty, decrease. The presence of specific molecular interactions in these systems was
studied by measuring electronic absorption spectrum of mixtures of these substance based on
the continuous variation method. 7]

EXPRIMENTAL:

Commercial SCB (Merck Japan) was used without furthers purification. p-terphenyl and
anthracene (Tokyo Kasei), biphenylene (Aldrich Japan) were used without further
purification.

Absorption spectra were measured with a Shimazu model UV-160A spectrophotometer,
using cells having 5-, 0.1- and 0.02-cm thicknesses.

Nematic-isotropic transition temperature of p-terphenyl / 5CB, anthracene / 5CB and
biphenylene / SCB and tetracyanoethylene (TCNE) / 5CB dilute mixtures were measured by

using a hot stage under polarizing microscope.
RESULTS AND DISCUSSION:

The addition of non-nematic solutes usually causes the decease in Ty, along with the
appearance of a narrow two-phase coexisting region [4] [S). But we found the addition of p-
terpheny! or anthracene to SCB caused the distinct increase in Ty, as shown in figure 1.

In this figure T, is the temperature at which nematic phase disappear completely on heating.
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Ty, is the temperature at which an isotropic phase begins to appear on heating.
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FIGURE 1 The results of thermal measurement in the binary systems of SCB mixed

with several solutes.
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The abscissa is the concentration of solutes in mol%. The vertical axis plots the temperature
difference between Ty, T, of binary systems and the clearing temperature of pure SCB. The
temperature increases in Ty, were reported for several solutes/SCB mixtures and these
abnormal increases in Ty, were ascribed to the hydrogen-bond formation between the cyano
group of host 5CB and the solutes which have the power of hydrogen bonding donor [1-3). It
is noted that although there can not be expected to exist any significant hydrogen bonding
interaction between p-terphenyl, anthracene and 5CB, AT, and AT, increased definitely
with the solute concentration. It is also noted that the rate of Ty, increase for p-terphenyl/SCB,
dT\/dCy, as shown in figure 1, is as large as in that of benzoic acid.[1] These extraordinary
increases in Ty, suggest that there should be special interactions other than hydrogen bonding
between S5CB and solutes. To confirm the above possibility, we relied on the continuous
variation method, which is known to be quite useful to detect the complex formation by any
specific interactions. [7]

In this method, the solutions of each substance are mixed at various ratios (0~100%) under
the condition that the sum of concentration of two solutions is constant. From the plot of
absorbance with respect to the composition of mixed solution, the existence of complex and
its composition can be determined.

For the equilibrium reaction between a nematic (A) and a non-nematic (B)

molecules;mA + nB_ A B, the equilibrium constant K of association is expressed as,

mTe

C
K = ?"mBn ~ (] )
(Cpo ~MCpupa) " (Cg = NC ppn)

C,, and C,, are the initial concentration of A and B. Total initial concentration
C,=Cpro+Cy, is held constant. C,.,, is the equilibrium molar concentration of the
complex A_B,. According to Lambert-Beer's law, the absorbance per unit optical path-
length d can be written;

d=d, +d= [e5Co + (€5 ~€5)C ro] +{(Epmps ~ME, ~1ER)C 4, ] 2)
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where £, €gand ¢ ,.5,are the molar absorption coefficients of respective components at
certain wave length.

The d,. the first term of equation (2), stands for the absorbance per unit optical path length
when there are no specific intermolecular interactions such as to lead complex formation, and
give straight line in the plot of continuous variation method, figure 2-(a). The d, the second
term of equation (2), represents the contribution of complex formation to the absorbance, and
leads to the deviation from the straight line in the plot of continuous variation methods,

figure 2-(c).

TABLE 1. The conditions of the measurement in continuous variation method. The

second column shows the concentration before mixing.

Conc. (mol/l)  Wave length  Path length  Temperature

5CB 1.85x10° 275nm 0.02 cm 19.0 C
p — terphenyl 1.86x107"

SCB 3.91x10 250nm 0.1cm 195 °C
anthracene 3.97x10™

5CB 3.49x10™ 250nm 0.1cm 200 °C
biphemylene 3.49x107*

Schematic results of continuous variation method are shown in figure 2. The straight d-line
in figure 2-(a) indicates that there are no complex formations. The curved solid line of d in

figure 2-(b) shows the complex formation. In this case d is decomposed straight line

(d,)and curved d-line of figure 2-(c).
In this figure, the d shows a peak at concentration C,, =lC(,, indicating the
m+n

formation of m:n complex between A and B; A, B,.
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FIGURE 2. A plot of continuous variation method; In the case of (a), there are
no specific interactions between A and B. (b), In the case of (b) and (c) there
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Figure 3- (a) and figure 3- (b) show the resuits of continuous variation method on p-
terphenyl, SCB and anthracene, SCB systems in cyclohexane solutions, respectively. The
conditions of measurement were summarized in table 1. Because we could not observe any
new absorption band, which can be ascribed to complex formation, the wavelengths in table

1 were chosen at the position, which gave the most sensitive result. In figure 3, upper curve is

the plot of d of equation (2), and lower curve plot d of equation (2). There are distinct
deviations from linear dependence with respect to the composition of solutions. In the case of
p-terphernyl/SCB in cyclohexane, the deviation from linearity (d ) shows one peak

nearly at the composition 5SCB : p-terphenyl =1.5:1. In the case of anthracene/SCB in
cyclohexane, we similarly observed one peak at about the composition 5CB:anthracene
=1.5:1. These observations show that SCB and anthracene or p-terphenyl form rather
complicated aggregate with the composition SCB:solute=3n:2n (n=1,2,::*) in cyclohexane
solution. The molecular interactions which lead to the formation of these aggregate will
naturally present also in the solute/SCB binary systems, and result in the rise of Ty, in these
systems. It was reported that SCB and TCNE form one-to-one charge transfer complex in
dichroloethylene solution. [8] The formation of one-to-one complex in this system was
reconfirmed in acetone solution by means of the continuos variation method as shown in
figure 3-(3). In this case, the d curve shows one peak at the middle of the total concentration
of C,, indicating 1:1 composition of the CT complex. It was also reported that TCNE/SCB
binary system showed an extraordinary decrease in Ty, The formation of firm 1:1 complex
may destroy orientational interaction of 5CB molecules and weaken the liquid crystallinity,
causing Ty, decrease. In this respect, it is noted that biphenylene/5CB form 1:1 complex in
cyclohexane solutions as shown in figure 3-(d). Then, the decrease of Ty, in biphenylene/SCB
system may be ascribed to the formation fo 1:1 complex, similarly to TCNE/SCB case. While,
the rising of Ty, observed in p-terphenyl/SCB and anthracene/SCB systems were ascribed to

the formation of the weak cluster-type complexes.
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As to intermolecular interactions, which lead to the complex formation, we think the charge
transfer interactions are most probable.

To confirm above inference, we carried out the molecular orbital calculations on SCB and
solutes by using MOPAC. The results are shown in table 1I.

It is noted that the sequence of the rate of T, change in figure 1 is well consistent with that
of electronegativity of molecules calculated by the sum of ionization potential (Ip) and

electron affinity (Ea) on the basis of Mulliken's definition of electronegativity.

TABLE @. The results of the calculation by semiempirical molecular orbital method

(MOPAC)
5CB p-terphenyl  Anthracene  Biphenylene
Ip(eV) 9.121 8.711 8.354 8.688
Ea(eV) 1.013 0.804 1.076 0.646
Ip+Ea(eV) 10.134 9.515 9.430 9.334

Table I shows that 5CB acts as electron acceptor, and p-terphenyl, anthracene and
biphenylene can act as donors, of which biphenylene is the strongest donor. In the case of
TCNE/5CB, 5CB acts as an electron donor and TCNE act as acceptor. It is noted that the size
of biphenylene and TCNE are rather smaller than those of anthracene and p-terpheny! , and
very similar to the size of biphenyl and phenyl cores in SCB molecule, which enable an
efficient overlap of 7 molecular orbitals between SCB and these solute. Owing to these, the
rather distinct one-to-one complexes are formed between SCB and TCNE or biphenylene,
which results in the decrease in Ty,.

We are now investigating the equilibrium constants of complex formation to confirm the

above inference.
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