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Examination of four molecular series of nematogens re-
veals that Tc is in general related to Ao of the C-X
bond, but not always directly proportional. Substit-
uents which interact strongly with the remainder of the

molecular m-electron system are among notable exceptions

INTRCDUCTION

In a recent paper van der Veenl used a novel approach
to study the relationship between polarizability anisotropy
of bonds to small, compact terminal substituents and the
nematic-isotropic (N>I) transition temperature of compounds
containing these substituents. The basis for the work was
the molecular statistical theory of Maier and Saupez, in which
the following relation obtains at the clearing temperature:

A

Te = ——— (1)
4.55kV

V is molar volume which is assumed to be constant along a
series of molecules differing only in terminal substituents.
This assumption obviates the incorporation of excluded volume

effects such as those discussed by Kimuras. Boltzmann's

111



Downloaded by [Tomsk State University of Control Systems and Radio] at 06:09 23 February 2013

112 A.C.GRIFFIN

constant is k and A is the molecular constant, taken as being
proportional to the square of Aa, the anisotropy of molecular
polarizability, af| - qL. Van der Veen makes assumptions
which lead to the following relation for any series of

nematics differing only in terminal substituents:

Tc n (AaM)Z + 2AaanM + (Aax)z (2)

The term AaM is the anisotropy of polarizability for all of
the molecular structure except the terminal substituent. The
polarizability anisotropy of the Car -X bond is AaX. If

yl

Doy is much larger than bay, Te should show a linear depen-

dence on Aax.

Te v 280y " (3)
Data1 were presented for two series of compounds, each differ-
ing only in the nature of the terminal substituents. The de-

pendence of Tc on Aw, was reasonably linear for all substitu-

ents except bromine.x
It is the purpose of this work to examine the relation

developed by van der Veen more fully by considering additional

series and by enlarging the number and type of terminal sub-

stituents.
RESULTS

Values of Aax were taken from Le Fevre4.

The two series, A and B, presented in GRAPH 1 on the next
page were chosen as they each contain a variety of substituents
including hydrogen, a substituent not available for examina-
tion in the earlier workl. Bromine was found1 to correlate
poorly with equation (3). Both series in GRAPH 1 contain
bromine as a substituent in order to test for this anomolous

behavior.
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GRAPH 2 presents data for two closely related series of
compounds. These series represent extremes in conjugative
interaction between a para nitro substituent and other por-
tions of the molecular structure. In series C virtually no
mesomeric interaction is possible; in series D, a substantial
mesomeric interaction between the sigma-bonded ester oxygen

and the terminal nitro substituent is possible.
DISCUSSION

In agreement with van der Veen we find a good correlation
with equation (3) for several substituents, There are, how-

ever, exceptions. It is apparent from GRAPH 1 that bromine is
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out of line in both series. The bromo substituent shows the
same relative location in both series, suggesting that there
is a systematic deviation from linearity for terminally sub-
Stituted bromo compounds. The Tc of a hydrogen substituted
molecule is, in both series, below its anticipated value. As
in the case of bromine, both hydrogen substituted compounds
have Tc values below the value anticipated by extrapolation
of a line established by the linear fit of Tc with 2AaX for
the other substituents.

The data in GRAPH 2 are for two series of compounds which
differ in location of the ester linkage. Dewar and Griffin9
demonstrated the influence of location of the carbonyl group
of ester linkages on the thermodynamic properties of the N>I
transition. Inversion of carbonyl location is also important
in the esters considered here. In series C substituents, with
the exception of bromine, adhere well to equation (3). Series
D, on the other hand, shows a considerable lack of linearity
due apparently to the nitro substituent. There is a strong
conjugative interaction between the o-bonded ester oxygens

and the nitro groups as shown below.

O\* * ﬂ 3 + o

/N=<:>=0—C-@—C—O=<D=N\

0 0
This interaction negates the validity of the relationship
proposed in (3). This non-linearity is not totally unexpected.
Le Fevre's4 data show for para nitroanisole that directed
polarizability exaltations, due to conjugative interactions
along the 1,4-axis in the aromatic ring are quite large. Ap-
parently in such cases the strong conjugative interactions of

terminal substituents make invalid the assumption10 of addi-



Downloaded by [Tomsk State University of Control Systems and Radio] at 06:09 23 February 2013

DEPENDENCE OF Tc¢ ON Aax 115

tivity of polarizability anisotropies. Of the two series of

compounds studied by van der Veen1 and the four presented

here, only in our series D are there molecules with strongly

electron withdrawing substituents. The relationship between

Tc and Aa, as expressed by equation (3) is apparently only

X

applicable in a general sense.

Helpful discussion with Dr. Robert J. Cox is gratefully

acknowledged.
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