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ON THE PRETRANSITIONAL EFFECTS IN NEMATOGENS

Yu Ming Shih, H. M. Huang and Chia-Wei Woo
Department of Physi¢e, Northwestern University,
Evanston, Illinois 60201

(Submitted for publication April 18, 1976)

Abstract We show in this note that the experimentally
observed strong pretransitional effects in nematogens
can be described in terms of a mean field theory if the
free energy expamnsion is not truncated at the quadratic
term. A simple uniform fluctuation model gives rise to
light scattering intensity in good agreement with
experiment.

Light scattering and magnetic birefringence measurements
in the isotropic phase of nematogens indicate strong pretrans-
itional effects. By using the Landau theory of phase transi-
tions, de Gennes' found it possgible tp estimate the correla-
tion length and its temperature dependence. His theory, how-
ever, led to the conclusion that the mean field analysis of
Maier and Saupe,® while valid in the nematic phase, gives rise
to certain inconsistencies in the isotropic phase. We wish
to review de Gennes' arguments, and in light of our own '"mean
field" analysis point out that what is really at fault is the
truncation of the free energy expansion at the quadratic term.
A new estimate of the correlation length based on a renormal-
ization-group argument leads to good agreement with experi-
ment, and thereby removes the difficulty.

Let us begin with de Gennes' criticism of the Maier-Saupe
analysis.

At a given density p, the Helmholtz free energy F can be
expanded in powers of the order parameter S:

F=F_+4 (t-1%)s% - B8 +cst + . . . . (1)

H

where A', B, C, and T# are positive constants. The interpreta-
tion of T* is crucial to the following discussions. It repre-
sents the temperature at which F(8) displays zero curvature at
S=0. Below this temperature, the isotropic phase becomes com~
pletely unstable with respect to nematic ordering. For this
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reason, T* is sometimes referred to as the maximum supercodl-
ing temperature. It is our view, however, that the "spontan-
eous!' setting-in of nematic order actually occurs at a much
higher temperature. At fixed density p, the maximum super-
cooling temperature occurs at Ty, where the free energies in
the isotropic and nematic phases coincide.®

That T* was identified as the maximum supercooling tem-
perature was a direct consequence of de Gennes' description
of the pretramsitional phenomenon. By truncating the free
energy at the S° term and augmenting it by an elastic distor-
tion contribution, de Gennes wrote the local free energy as:

F@) ~F_+ AT (T-T®)S2 (D) + K[ @) ]2, (2)

The total free energy F = JF(r)dV can thgn be expressed in
terms of Sq, the Fourier transform of S(r). Using this result
in the Boltzmann factor, (Sq), or alternately {8(0)S(r)), can
be evaluated. He found

(8(0)S(x)) = 81er exp(-;/E(T)) (3

and therefore

» _ kT
i(s 038 (x))dV = oy » (4)
1
where E(T) = [ K_ 7 :]'5 denotes the correlation length. 1If

this derivation 18 valid, T* will also represent the tempera-
ture at which E(T) diverges: a seemingly apt definition for
the maximum supercooling temperature.

In the Majer-Saupe theory, the free energy takes the form

F =1 as” +xnn(c/am - as, ()
with
C = {j‘exp[-apz(cose)/kT]dQ}'l, (6)

and
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S = CJPz(cose)exp[-aPz (cosB)/kT Jaq. )

By combining Eqs. (5)-(7), F can be rewritten in the form
(1). The parameters A', B, C, and T* are then identifiable.
In particular, one finds*

A' = s and T* = —= . (8)

[ Y[
HIO:>

1t turns out that such a calculation yields (T -1%)/T NIO-}
or T ~-T* ~ 30°C, in violent disagreement with fthe light-
scatgering determination of (T -T*) at about 1°C, where
E(T) diverges by extrapolation? This is often thought to
be a major inconsistency in the Maier-Saupe theory.

We wish to point out that the inconsistency exists only
if one identifies the T* in Eq.(l) with the T* defined by a
diverging correlation length, If Eq. (2) is invalid, as we
contend, the identification becomes unjustifiable.For this
reason, we shall denote the temperature at which E(T)
diverges by T.. It is perfectly acceptable, then, to have
T -T* ~ 30°C and T -T. ~ 1°C. What remains to be shown is
that in place of aé ngnes' theory, amother analysis can be
carried out which yields T -T. = 1°C without requiring the
truncation of F(8) at §2.

Incidentally, that T* and T. are different can be seen
from yet one more angle. Putti%g aside the Maier-Saupe
theory altogether,one can still fit Eq. (1) to data. If one
insists that T -T*=T -T_~ 1°C, then an inevitable conse-
quence is thatcS(T )?S(% ) = 1.5. It occurs independently
of the way (A',B,C} are chosen to fit data. Since the
order parameter below T is known to change by only a few
percent per degree, such a drastic change of S (from about
0.4 at T_ to about 0.6 at T, — a mere 1°C away) is un-
acceptable. 5

Let us now recalculate E(T) using a very crude model.
Consider the fluctuations and thus the order parameter S
uniform within a correlation volume Vg. The fluctuation
part of the free energy is then given-by png(S) ~ % kT, or

kT
pF(S) ° (9)

Vg'~

N =

The light scattering intensity is then proportional to the
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relevant quantity

J(8(0)s(r))dv = ;{S(0)S(r))dV = szvg ~ S FEYy - (10)
3 v
g

The first thing we note is that 1if S is uniformly small or
if for any reason the S® and higher-power terms are neglig-
ible in Eq. (1), Equation (1l0) reduces to de Gennes' form
Eq. (4). But since those terms are not negligible, and in
fact F(S) goes through a minimum at S = 0.43 at temperature
near Ty or T , approximating F(8) by a quadratic is cer-
tainly not wvalid.

The correct thing to do is to evaluate the correlation
function ¢(S(0)S(r)) by statistical mechanics. The ensemble
contains all distributions of S(r) and thus presents us
with a prohibitive task. To approach it properly, one must
make use of the full renormalization apparatus.® For a
crude estimate, we shall take S = 0.43 in Eq. (10). The
justification is as follows.

As in all simple scaling procedures,® we begin with a
lattice model with unit interparticle spacing and represent
the nearest-neighbor interaction strength by d . S denotes
the order parameter at this stage. As blocks 3t progress-
ively increasing sizes are placed under scrutiny, the
interaction strengths between neighboring blocks become «.,
02,--~. At temperature T., the correlation length diverges,
hénce S (T ) S (T ) =5 (T ) = . In turn one finds
o /KT g/kT g/kT = -g-. A plot of a /KT . versus n
dlsplgys a"horfzontdl 1lfne. Now, at a sllgh ly ﬁlgher tem-
perature T, § (T) # S_(T) 2S,(T) 2 --- for n < E(T). S _(T)
~ 0 for n > §?T). Hence o /kT » o /kT 2 o, /kT 2 ... within
the correlation length. ngever, since T % T., o /KT <

o /kT.. Thus for n < E(T), i.e., within the orrélation
volume at temperature T, ¢ /kT < o /kT., and S (T) <

S (T As it is known fr%m experlmeng that T = T

and §(T ) >~ 0.43 in the Maier-Saupe theory, we f1n s (f)

0.43 for n < E(T). Or S ~ 0.43 throughout the correlition
volume under our uniform-order approximation. Using this
result in Eq. (10), we obtain ih the Maier-Saupe theory:
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f(s<o)5(r)>dv
_ kT 1

2p -A

5=+ kT{mLC(O'43)£4ﬂl - a(0.43)0.43}
(0.43)

_ kT

ZoA (T-T) (11)

where
20A' = 2pk{L“[C(°'43)é4”] - a(0.43)0.43}
(0.43)

~ 4. 4ok >1.2 x 10%rg en k7! (12)

with p taken at the typical value L X 6 x 10~23 cm-3. Our

earlier work® indicated that the incorporation of spatial
short-range correlation in an orientational mean field
theory results in a temperature dependent A0 and a factor of
about 0.3 for PAA (or 0.25 for MBBA) in the denominator of
Eq.(1ll), or on the right hand side of Eq. (12). Thus our es-
timate compares well with e.g. the known value of 3.1 x 10°
erg cm 3K™! determined for MBBA.® An equally interesting
quantity is Tp-ng

PF(0.43,T )  F(0.43,T )
£ = .-, (13)

T Te = Iy = T7.%%

Since the choice of 5=0.43 is not exact, let us look at
Tp-T. for S ranging from say 0.42 to 0.44 to obtain a feel
of tﬁe uncertainty. We find that Ty serves as an upper
limit to T_., deviating from the latter never by more than
0.2°C. In°Ref. 36 we determined T -T at (2.6-3.4)°C for
PAA and (0.8-1.0)°C for MBBA, 1In Somparison to the experi-
mental values of 3.3°C and 0.8°C respectively for T -T_, we
find the agreement totally satisfactory. ¢ 8
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