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Smectic-A -Smectic-C Transition: Mean-Field and Critical Behaviors
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Using the Ginzburg criterion, we demonstrate that the width of the critical region associated with the
smectic-8-smectic-C transition is dependent on the observable studied. This affords an explanation of
the results obtained for terephthal-his-p-p'-butylaniline, which shows specific-heat behavior consistent
with a Landau-type model, unlike that of the elastic constants. This analysis could apply to other phase
transitions.

PACS numbers: 64.70.Md 61.30.—v

Although the precise nature of the smectic-A-smec-
tic-C transition has been the subject of considerable con-
troversy, the present trend is to describe this transition
using a model of the mean-field type. ' This trend is
based essentially on the fact that the specific-heat mea-
surements can be analyzed within the framework of the
Landau theory. Some authors, ' " however, have
pointed out that this model is not totally suitable for
analyzing such measurements, in view of the small diver-
gence from the mean-field behavior generally observed in

the immediate vicinity of the transition temperature T, .
Controversy as to the nature of the smectic-

A-smectic-C transition has recently been brought to the
fore again by ultrasound measurements taken in
terephthal his p-p' -bu-tyl-aniline (TBBA). ' These data
show the existence of significant fluctuation effects (see
Fig. 1) which are still visible 10 C above T„and which
are incompatible with the Landau model. This result is
all the more surprising as the specific-heat measurements
taken on the same compound do not exhibit these large
fluctuation effects (see Fig. 2), and can, according to the
authors of Ref. 13, be interpreted with the Landau mod-
el. The purpose of this Letter is to reconcile these ap-
parently contradictory results by showing that the ul-
trasound measurements are more sensitive to fluctuation
effects than the specific-heat measurements, as was sug-
gested in Ref. 12. This explains the fact that deviation
from the Landau model, which may occur in the vicinity
of T, when specific heat is concerned, becomes visible
much earlier (i.e., far from T, ) in the case of velocity (or
the elastic constants). In more quantitative terms, we
show that the width of critical region, calculated with
the Ginzburg criterion, ' is dependent on the quantity
considered (specific heat, elastic constants, etc.).

We now present our analysis of the results for TBBA,
with a view to determining the critical region by means
of the Ginzburg criterion. First, we calculate the
coe%cients of the Landau free energy using the jumps of
the specific heat and of the elastic constants at the tran-
sition. Second, we consider the influence of the order-
parameter fluctuations on the specific heat and the elas-
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FIG. 1. Velocity curves for 0=0, 45, and 90 at the Sm-
A-Sm-C transition. 0 is the angle between the normal to the
smectic layers and the sound propagation direction. The
straight lines represent the behavior expected by the Landau
model for 0=0 . The curves are from Ref. 12.

tic constants within the Gaussian approximation. Last,
we evaluate the critical regions associated with the
specific heat and the elastic constants, respectively. This
is done by equating the amplitude of the T, jump of the
quantity considered with that of the contribution of the
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Auctuations to this quantity. '

The starting point is the free energy F used by Andereck and Swift' to study the behavior of sound attenuation and
dispersion near the Sm-A-Sm-C transition. F is given by'

IP

d» —Az+ —8&+ (v z) + (vq) +—1 4 1 2 1 ap
2 4 2PP1 ~ 2IPl 2 ~p vu

(ap) '+ — '
(v, u ) '

2 V, u

+ P (d,p)(v, u)+ —,
' K 1(V„Q+V u) + —,

'
y ApTI + —,

'
y„V, TI

V, B
i p

where g is the smectic-C order parameter (the tilt an-
gle), hp the relative variation of the density, u the dis-
placement of the smectic layers in the z direction, ECl the
Frank elastic constant, p the pressure, and p, the conju-
gate field associated with V2u. The symbol & refers to
the plane of the layers. m3, m„and 8 are positive con-
stants and A=AD(T T, ). —The last two terms of (1)
couple the order parameter to the density variation (cou-
pling constant yp) and to the layer-spacing gradient
(coupling constant y„). These two terms are very impor-
tant since they show that the fluctuation effects on veloc-
ity and damping can be extremely anisotropic, the degree

of anisotropy depending on the y„/yp ratio. '

It is more useful for the remainder of this Letter to
rewrite the free energy as a function of the strains

x 1 au/ax, x, =au/ay, x, =au/Bz,

and of the elastic constants

c„=(ap/ap). .., C13=(ap/ap), ,„—(ap/av, u), ,

c„=(ap/ap), ,„—2(ap/aV, Q),+ (aq, /eV, u), .

This gives '
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The K1 term has been omitted here since it is not neces-
sary for our analysis. In the mean-field approximation, g
is constant in space and the gradient terms can be
suppressed.

The jumps of the elastic constants can be calculated
from the formula c;~ =d F/8X18X~, by using the stan-
dard procedure of minimization of the free energy
(8F/8q =0). This calculation gives

~'=A/8*, (5)

with

t where Ac;~ =c;~(T, ) c;j(.T, ). —+

The jump of the specific heat is obtained from the
Gibbs free energy G =F—P;x;A; and is given by

ac =c,(T, ) c(T,+) =T—,Ao'/28*,

where 8* is the q coe%cient of the free energy G ex-
pressed as a function of Tl and the stress A;. 8 is relat-
ed to the order parameter g by
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For comparison with the experimental results 8* can be
written as a function either of the Ac;~ [putting in (6) y„
and yp deduced from (3)], or of the de Gennes elastic
constants A, l=cll, B,l=cll+c33 2cl3 and C,l=cll

C 13'.
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FIG. 2. Specific-heat capacity at TBBA near the Sm-
A-Sm-C transition. The line represents the Landau fit to these
data. From Ref. 13.
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4 indicating the jump at T,.
Experimentally the elastic constants are deduced from
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and the calculated value is h, a =0.96 x 10 K ' in ex-
cellent agreement with the value measured, 10 K

We shall now consider the influence of the order-
parameter fluctuations on the elastic constants and the
specific heat above T,. The drops Bc;~ in the elastic con-
stants have been calculated by Andereck and Swift. ' In
the Gaussian approximation, they are given by
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The excess specific heat at constant pressure is obtained
by differentiating the free energy G„ in relation to the
temperature, Bcp = —T(8 G„/8T ), and is given by

8cp m& jm A (T T)—kT (10)

G„ is equal to —kTlnZ~, where the partition function is
written as a functional integral Zo =f2)„e ~ calcu-
lated in the Gaussian approximation, i.e., neglecting the
fourth-order term.

The jumps and the contribution of the fluctuations
having been determined, the critical region can now be
ascertained. Inside this region, the mean-field model
breaks down and cannot be used. The width of this re-
gion is calculated by writing Acp Bcp and h, c;~ =Bc;~.

the velocity measurements of Fig. 1, and their jumps
determined by extrapolating, at the transition tempera-
ture, the results obtained far from the transition. The
specific-heat jump is given directly by Fig. 2.

From the jurnp of the specific heat and the variation of
q with the temperature, Eqs. (4) and (5) give
An=1. 38 X 10 ergsK 'cm and 8 =1.77X10 ergs
cm 3. The jump of A, lB,l

—C,l and Eq. (7b) gives
8 =108*. This last result is very important since it indi-
cates the strength of the coupling of the order parameter
with the strains. It also gives an explanation of the near
tricritical behavior observed in most compounds exhibit-
ing the Sm-A-Sm-C transition. Finally, from Eq. (3),
the value of 8 determined above, and the jumps of 8,~

and C,l, it is found that yu
= 1.65 x 10 ergs cm and

yp
~3.34 & 10 ergs cm
The consistency of our results can be checked by cal-

culating the jump ha of the thermal expansion and com-
paring this result with the experimental data. The
theoretical result is

Thus, for the specific heat '

2

kT, m~ jm.
~Tc = 4z, 4Ap

and for the elastic constants
' 2

kTem ~ jmq4n, 2Ap

Since we have seen above that 8=108*, the width
given by (12) is about 2 orders of magnitude larger than
the width given by (11). More precisely, if the critical
region associated with the elastic constants (or the veloc-
ities) is d, T, —10 K (see Fig. 1), the critical region asso-
ciated with the specific heat is AT, -0.1 K. This is our
main result; it explains why the specific-heat measure-
ments are consistent with a Landau model, whereas the
elastic-constant measurements are not.

Equations (9c) and (10) give

ApTc
Scp =Sc33 1 (»)

2 yp ru

Since Bc33 is known from experimental results (c33 v, ,

where v, represents the velocity of sound in the direction
z, parallel to the director), Bcp can be estimated from
Eq. (13). At T T,=0.1 —K, Bcp is found to be =10
ergsK 'cm, which is =Acp/20 (see Fig. 2). In
principle, this slight increase in Bcp is measurable; it has
not, however, been reported by Das, Ema, and Garland'
owing to the scatter of the experimental data.

In conclusion, we have shown that the smectic-
A-smectic-C transition in TBBA is characterized by the
fact that two different observables do not share the same
mean-field to critical crossover temperature, contrary to
what has always been implicitly supposed for phase tran-
sitions. We think that this result may close the contro-
versy on the nature of the Sm-A-Sm-C transition. Basi-
cally, this transition is not of the Landau mean-field
type. However, several possibilities may appear, accord-
ing to the compound studied. In some cases, the transi-
tion may resemble a Landau mean-field-type transition
with a very small critical region for all quantities mea-
sured. In other cases the critical region could be quite
broad, and observable in all experiments. Finally, some
compounds, like TBBA, could exhibit a critical behavior
for certain observables, and a mean-field-type behavior
for others.

It must be stressed that in this Letter we are not con-
cerned with the exact nature of the critical behavior in

TBBA. A detailed analysis of the ultrasonic data (sound
velocities and absorption) is required, and this will be the
subject of a separate publication.

One final remark: The fact that the elastic constants
are more sensitive to fluctuations than the specific heat
seems to be a general phenomenon, as indicated by the
results obtained at the ferroelectric transition in terbium
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molybdate; this phenomenon does not, however, seem
to have been recognized as such so far.
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