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Calorimetric studies of 90BCAB have been made using DSC and high-resolution ac techniques. A small 
heat capacity peak associated with the srnectic-A,(SmA,)-reentrant nematic (N,) second-order transition 
has been observed. Analysis in terms of the critical exponent a suggests the possibility of Fisher 
renormalization at this SmA,-N, transition. DSC measurements have shown the presence of two 
metastable crystal phases (denoted CrX and Cry )  as well as the equilibrium CrK crystal phase. The 
latent heats for first-order transitions among these crystal phases and for the N,-CrX and N,-CrK 
melting/freezing transitions have been determined. The transition from N, into the monotropic mon- 
olayer smectic-A phase was preempted in our experiments by N, -+ CrX freezing. 

Reentrant smectic polymorphism in pure compounds was first observed in 
4-n-octyloxybenzoyloxy-4'-cyanostilbene (T8),' which exhibits the phase sequence 
N + SmA, + N,+ SmA, where SmA, is a partial bilayer smectic-A phase, SmA, 
is a monolayer smectic-A phase, and N and N, are both nematic phases. These 
transitions in T8 have been studied with x-ray ~ a l o r i m e t r y , ~ . ~  and 
frustrated spin-gas theory,s with emphasis on the SmA,-N, and N,-SmA, critical 
behavior. Unfortunately, the transition temperatures in T8 decrease as a function 
of time and the excess heat capacity AC,, peaks are quite small. This limits the 
quality of theoretical fits to AC,,, especially AC,(A,,N,) which is only 30 percent of 
AC,", 1. 

The compound 4-nonyloxybenzoyloxy-4'-cyanoazobenzene (90BCAB) 
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is isostructural and isoelectronic with T9. However, nOBCAB molecules have a 
-N=N- azo linking group in place of the -CH=CH- group in Tn  molecules; 
thus the former are much more stable at high temperatures. It has been reported 
previously6 that 90BCAB exhibits the same reentrant polymorphism as T8. On 
cooling, the phase sequence is 

I-N-SmAd-N,-SmA, 
516.1K 485.6K 389.2K 344.1Ii 

Note that the SmA, phase is monotropic since the equilibrium CrK phase melts at 
367K to yield N,. 

An ac calorimetric technique' has been used to study the lower temperature 
transitions in 90BCAB. As expected, a second-order SmAd-Nr heat capacity peak 
was observed that was small but still -2.5 times larger than that in T8. On the 
basis of theoretical m ~ d e l l i n g , ~  one would expect that the N,-SmA, heat capacity 
peak would also be substantially larger than that in T8 and thus ideal for critical 
analysis. Unfortunately and contrary to expectations based on x-ray and micro- 
scopic studies,6 we have not been able to observe a N,-SmA, transition in 90BCAB. 
On cooling our sample, the N, phase froze into a metastable crystal form at 349.1K 
even using a fast (for ac calorimetry) scan rate of -1.5 K h-I. This freezing 
transition was strongly first order with no evidence of pretransitional fluctuation 
effects. The C, values decreased discontinuously by 0.26 J K - '  g- '  on going from 
the N, phase to the crystalline phase. 

The excess specific heat capacity associated with the SmA,-N, transition is 
defined by 

AC,(A,N,) = C,(obs) - C,(background) (1) 

where C,(obs) is the observed specific heat capacity near T, and CJbackground) 
= 2.55 - 0.004(T -380) J K-' g-, ,  which describes the linear noncritical C, 
variation observed over the 350-380K range. The resulting AC,, variation is shown 
in Figure 1. Note that this is quite a small peak: AC,(max) = 0.10 J K - '  g- '  at 
T,. The integrated enthalpy 6H = J AC,, dT for this SmA,-N, peak is only 0.20 
J g- ' ,  which is larger than the SmA,-N, value of 0.08 J g-I for T85 but small 
compared to more typical N-SmAd values which range from 0.33 J g- '  (80CB) to 
0.75 J g- '  (8CB).8 Fortunately, no drift in T, was observed over a period of -100 
h. Thus a slow scan rate of 45 mK h- '  could be used over the range IT - T,I < 
0.43K. For this inner range, the points shown in Figure 1 are a merged set obtained 
by averaging pairs of adjacent data points. In systems exhibiting weak first-order 
transitions and two-phase coexistence, anomalous phase shifts occur in the ATac 
signal.' No such anomalous phase shifts were observed near T, for 90BCAB, and 
the SmA,-N, transition is second order as e ~ p e c t e d . ~ . ~  

An attempt has been made to fit the excess heat capacity data in Figure 1 with 
the critical fluctuation form 
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FIGURE 1 Excess heat capacity ACp associated with the SmA,-N, phase transition in 90BCAB. This 
peak is very small; the maximum AC value is only 4 percent of the CJbackground) value at T, . The 
smooth curve represents Equation (2p using the parameters of fit 4 in Table I.  

where t = ( T  - Tc)/Tc. Two fitting ranges were used. Range I contains 270 data 
points with IT - T,I < 0.43K or It1 < 1.1 x and the corrections-to-scaling 
coefficients D' are set equal to zero. Range I1 contains 463 points with ( T  - T,.I 
< 6.4K or It1 < 1.6 X The parameters obtained from least-squares fitting 
are given in Table I .  The best fit gave a = -0.1, and the parameters were stable 
on range shrinking; see fits 3 and 4. Unfortunately, the xt minimum is very broad, 
and a wide range of a values (+0.05 to -0.2) are consistent with these data. This 
is, however, the first set of AC,,(A,N,) data for which an analysis can even be 
attempted. In other systems studied with high-resolution calorimetric techniques, 
either AC,(A,N,) was much too small5 or the SmA,-N, transition was monotropic 
and the sample froze at a temperature above Tc.9 

The fact that the data are consistent with a negative critical exponent a as large 
as - 0.2 suggests the possibility of Fisher renormalization."' Although the present 

TABLE 1 

Values of the adjustable parameters obtained from least-squares fits of AC,(A,N,) using Eq. (2). 
Values in parentheses were held fixed during the fit. The units are K for T, and J K I g I for A 

and B; the standard deviation u was taken to be 0.006, which is 0.23% of C,(ohs). Range I is (ti < 
1.1 x and range I1 is It( < 1.6 x lo-'. 

Fit Range T, a A' A- /A '  D' D ID' B X t  

2 I1 389.610 (0.05) 0.2105 0.943 0.110 2.10 -0.252 1.34 
3 I 389.611 -0.106 -0.3268 1.093 (0) (1 )  0.201 1.30 

1 I 389.608 (0.05) 0.1985 0.947 (0) (1) -0.235 1.38 

4 I1 389.610 -0.109 -0.3289 1.136 -0.570 2.42 0.198 1.36 
5 I 389.611 (-0.2) -0.3168 1.203 (0)  (1 )  0.126 1.41 
6 I1 389.610 (-0.2) -0.3512 1.245 -1.327 1.98 0.132 1.38 
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AC,(A,N,) data cannot resolve this point, x-ray results' on the analogous SmA,,- 
N, transition in T8 support the idea of Fisher renormalization. As shown in Table 
11, the critical exponents y, v,,, and v I  for the susceptibility and the correlation 
lengths in T8 correspond rather well with Fisher renormalized versions of known 
N-SmA, exponents. The criterion for the presence of Fisher renormalization is a 
large magnitude for (dTc/dX)2, where X is the mole fraction of the species in a 
binary mixture. Fisher renormalization does not occur in 8CB + lOCB mixtures 
(dTc/dX = 10.8K), but it does occur in DB, + TBBA (dTJdX = 150 K) and 7S5 
+ 80CB (dTc/dX = 289 K).13.14 The value of dTJdX for T7 and T8 mixtures close 
in composition to pure T8 is 108K,4 which is large enough to make Fisher renor- 
malization likely. The value of dTc/dX for 80BCAB + 90BCAB mixtures close in 
composition to pure 90BCAB is 39 K.15 This yields an intermediate value for (dTJ 
dW2, 13 times larger than that for 8CB + lOCB but 13 times smaller than that 
for T8, making it likely that partial rather than complete Fisher renormalization 
occurs in 90BCAB. 

An extensive series of differential scanning calorimetry (DSC) runs were carried 
out in order to characterize the metastable freezing/melting transitions in 90BCAB. 
Both heating and cooling runs were made, mostly at a scan rate of 10 K min-l 
although the effect of other scan rates was explored. Several sharp first-order 
transitions were observed, revealing the presence of two metastable crystalline 
phases (CrX and Cry )  as well as the equilibrium CrK phase that is originally 
present at room temperature in a fresh sample. Most of the DSC results are 
summarized in Figure 2. The slopes of the H(T) enthalpy curves for different single 
phases are based on our ac heat capacity values for the N, and CrX phases and 
the assumption that C, for CrK is approximately the same as that for CrX over 
the small range from 335K to 367K. 

The only transition observed with DSC on heating a fresh sample from room 
temperature is the CrK +- N, melting since the N, + SmA, transition enthalpy is 
too small to be observed. The CrK-N, latent heat is 82 ? 3 J gg'.lh On cooling 
at 10 K min-', N, freezes to CrX at 335 2 2K with an enthalpy change of 46 ? 

5 J g-l .  For faster scans, this transition lies lower in temperature (331K at 25 K 

TABLE 2 

Critical exponents for various N-SmA, transitions. Fisher renormalization yiclds 
exponentsa, = - d ( l - a ) ,  y, = y / ( l -a ) .  uR = u / ( l - a ) .  

V I  a Material Y VII 

XY model" 1.32 0.67 0.67 - 0.01 
CBOOAb 1.30 0.70 0.62 0.15 
80CB 1.32 0.71 0.5x 0.2 
FishRN-CBOOA 1.53 0.82 0.73 -0.18 
FishRN-80CB 1.65 0.89 0.73 -0.25 

1.53 0.88 0.76 - T8d 

"Ref. 1 1  
bRef. 12 
'Ref. 8 
dRef. 3 
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CALORIMETRIC STUDY OF 90BCAB 187 

FIGURE 2 Enthalpy-temperature diagram for 90BCAB. The slopes of the H(T) lines in various 
phases are based on ac heat capacity values (see text). The latent heat values (in Jg-')  given on the 
vertical transition lines are obtained from DSC measurements. The dashed arrow between the N, and 
C,X lines indicates that this transition occurred isothermally after cooling the N, phase rapidly to 345K 
and then holding the temperature constant. The arrow labelled ac marks the temperature where N, 
froze on an ac calorimeter scan at -0.025K/min. 

min-' and 325K at 40 K min-l). Note also that the slow (0.025 K min-')  ac 
calorimeter scans show N, + CrX at 349K. If one cools at 10 K min-' to 345K 
and then holds the temperature constant, the N, + CrX transition occurs isotherm- 
ally after 10 min with an enthalpy change of -44 J g- ' .  When the sample is then 
immediately heated up again, the CrX phase melts to N, at 355K with a AH value 
of 47 J g-I. This behavior and subsequent details described below make it clear 
that CrX is a new metastable crystals phase differing appreciably from CrK. 

On cooling the CrX phase after it has formed at 335K, a small and reversible 
first-order transition to CrY is observed at -307K (not shown in Figure 2).  For 
scan rates of 10 K min-', the CrX + CrY change occurs at 305K on cooling and 
the CrY + CrX change occurs at 309K on reheating. In both cases, the enthalpy 
change is 8 k 3 J g-I. 

If the CrX phase is heated after this CrX + CrY + CrX cycle has taken place, 
an endothermic transition from CrX to CrK occurs at -334K. In one case, total 
conversion of CrX to CrK occurred with an enthalpy change of 34 J g-  I .  Subsequent 
heating showed only the CrK + N, melting peak. In three other cases, only partial 
conversion of CrX occurred. In these cases where equilibrium is not achieved, both 
a moderate size CrX + N, peak at 355K and a smaller than usual CrK + N,. peak 
are observed. The CrX + CrK endotherm peak is either absent or very small and 
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188 P. LEACH et al. 

broad if the CrX phase is not cooled below 313 K. In one case, the CrX phase was 
held at 345 K for 20 min and no conversion to CrK was observed. 

In summary, the excess heat capacity associated with the second-order SmA,,- 
N, transition has been measured and analyzed for 90BCAB. The small AC,(A,/N,.) 
peak is best described by a negative critical exponent a, which suggests that Fisher 
renormalization may occur. This could be best tested by an x-ray study like that 
made on T8.3 The monotropic SmA, phase was not observed in our ac calorimetric 
measurements or in the DSC scans. In both cases, the N, phase froze into metastable 
crystal forms that have been characterized by DSC measurements. 
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