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Abstract 
High resolution measurements have been performed with a photopyroeleotric (PPE) tech- 

nique to study the static and dynamic thermal parameters behaviour in the critical region of dif- 
ferent liquid and solid samples. In particular the specific heat (c), the thermal diffusivity (D) and 
the thermal conductivity (k) have been simultaneously determined in the critical region around 
the antiferromagnetic/paramagnetic (AP) phase transition occurring in FcF: and around the 
Smeotic-A/Nematic (AN) phase transition occurring in the gS5 liquid crystal. 

The high resolution of the measuring technique has allowed the determination of the c and D 
critical exponents and amplitude ratio of their critical terms. 

K ~ r d s :  liquid crystals, phase transitions, photopyroeleetric method 

Introduction 

Static and dynamic thermal parameters often show anomalous behaviours in 
the region around a transition temperature (critical region). The static critical 
phenomena associated with second order phase transitions can be described by 
different theoretical models (Ising, XY, Heisenberg) [1] depending on the sys- 
tem dimensionality and symmetry (number of components of the order 
parameter). Each model predicts particular values for the specific heat (c) criti- 
cal exponent and amplitude ratio of the critical term [2]. On the other hand, in 
order to describe the critical behaviour of the dynamic thermal parameters, i.e. 
the thermal diffusivity (D) and the thermal conductivity (k), analogous models 
have been developed predicting particular relations between static and dynamic 
critical exponents [3]. Therefore many of the conclusions in the study of the 
critical phenomena can be derived from the knowledge of the thermal parame- 
ters critical exponents and by a meaningful comparison between the static and 
the dynamic ones. To study the critical exponents of the thermal parameters, a 
technique which ensures their high resolution evaluation is required, while a 
technique which also enables their simultaneous measurements would ensure a 
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comparison of the critical exponents between static and dynamic quantities ob- 
tained in the same experimental conditions. 

A large number of experimental data concerning the specific heat are avail- 
able in the literature while very few high resolution measurements have been 
performed for the dynamic quantities due to the fact that transport properties (k 
and D) measurement needs a thermal gradient in the sample which can crucially 
limit the resolution of the technique employed. 

In this work we present a photopyroelectric technique (PPE) which has en- 
abled us to perform simultaneous high resolution measurements of c, D and k 
in different liquid and solid samples [4-6]. In particular, measurements have 
been performed in the critical region of second order phase transitions occur- 
ring in some antiferromagnetic materials and liquid crystal samples. The high 
resolution of the technique allowed the determination of the specific heat and 
thermal diffusivity critical exponents and the amplitude ratio of their critical 
terms providing fundamental information about the nature of each phase transi- 
tion. 

Technique and theory 

The photopyroelectric one is an a.c. technique that allows an adequate signal 
to noise ratio by introducing temperature oscillations at the sample surface 
smaller than 1 inK. This main feature makes the PPE technique very attractive 
to study the thermal parameters behaviour in the vicinity of a phase transition 
where these parameters strongly depend on temperature [7]. 

In Fig. 1 the most common configuration for a PPE measurement in the case 
of a solid sample is sketched. 

A modulated incident light beam is absorbed at the sample surface generat- 
ing temperature oscillations which propagate through the sample thickness and 
reach the opposite surface in thermal contact with the pyroelectric transducer. 

modulated incident 
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Fig. I Experimental set-up 
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The consequent temperature variation induced in the pyroelectric crystal gener- 
ates an electrical signal, analysed by a lock-in amplifier, whose amplitudeV 
and phase q~ depend on the thermal properties of the sample. Under particular 
experimental conditions the theory predicts [8, 9] the following expressions: 

IVl o~ 
1 epe (-r 

~ll + (f/f=)~ (e, + e,)(er/e, + 1) 

(1) 

q~ oc - ~/nf/l~L, (2) 

Heref is  the modulation frequency, L,, D,, e, = ~19,c,k~, and P, are the thickness, 
the thermal diffusivity, the thermal effusivity and the density of the sample, fe 
is the transducer plus detection cut-off frequency and ep and eg are the thermal 
effusivity of the pyroelectric and the front medium, respectively. From 
Eqs (1, 2) it can be noted how, once L , , f ,  ep and es are known, one can calcu- 
late D, and ,Ca:. Then, knowing also p,, it is possible to determine c, = e,/p,~D~ 
and k, = e,~/D, . Furthermore, at a fixed temp..erature, i f f > ~ t h e  ESIS (1, 2) 
can be rewritten as ln(fx I VI)oc- ( 'r and q ~ -  ( ~ & / D , ~ ) f f r e s p e c -  
tively. It can be noted that in the conditions of validity of these two expressions 
(and therefore of Eqs (1, 2)) one should expect a linear dependence and with 
the same slope, of ln(fx I V 1) and q~ from the square root of frequency. More- 
over, knowing/4, an absolute evaluation of the thermal diffusivity can be ob- 
tained by measuring the angular coefficient. Figure 2 shows a frequency scan 
performed on a 620 p.m thick FeF2 sample at the temperature T=87.85 K. 
From the slope of the solid straight line, representing the best data fit, the ab- 
solute thermal diffusivity value D=(0.196-+0.016)cm 7 s -I was obtained. 

It is worth noticing that operating at low temperature does not represent a 
limit for the pyroelectric technique once transducer and sample are placed in 
thermal contact with a cryocooler cold finger. In fact we were able to use the 
PPE technique over a wide range of temperature (30+.'400 K) for liquid as well 
as solid samples. The cell employed for liquid samples is sketched in Fig. 3. 

3 

2,5 - " ~ - ' ~ _  30 .-. 

'~'-" 2 ~ ~ _  20 

0,5 ~,, 
3 

04 6 8 10 12 14 16 
(Hz la ) 

Fig. 2 Photopyroeicctric phase and frequency-amplitude product vs. square root of fre, queney 
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Fig. 3 Liquid samples cell 

Experimental results 

The results reported in the present paper concern the thermal parameters 
critical behaviour of a FeF2 sample, showing its antiferromagnetic/paramag- 
netic (AP) phase transition at Ts= (78.55_+0.02)K (Ts: N6el temperature), and 
of 8S5 liquid crystal sample which presents the Smectic-A/Nematic (AN) phase 
transition at T^N= (336.20(K0.004). 

In Fig. 4 the FeF2 data are plotted for c and D vs. reduced temperature 
t=(T-TN)TN. The solid lines correspond to the best data fit obtained with the 
fitting functions 

c = B + E ( T -  TN) + A + - I T  - TN[ -~ (3) 

and 

D = V +  W ( T -  T~) + U~IT - TNI -b (4) 

where we consider I T-TN] as [(T-TN)/1KI and where a, A, B, E and b, U, V, 
W are adjustable parameters, minus and plus superscripts corresponding to 
T<TN and T>TN, respectively. These functions consist of a linear part, repre- 
senting the non-singular contribution, and a critical term responsible for singu- 
larities. From the specific heat best fit the values a=0.10-&-0.03 and 
A+/A-=0.53_+O.08 have been obtained, clearly confirming the Ising-like behav- 
iour expected for uniaxial systems (dimensionality d=3 and number of compo- 
nents of the order parameter n= 1). The Ising model predicts indeed a c critical 
exponent a=O. 110-&0.0045 and an amplitude ratio of the critical term A+/A -= 
0.51 [10], which are in a very good agreement with our experimental values. 
Concerning the thermal diffusivity data, from the best fit we have obtained a 
critical exponent b =--0.11_+0. 04. In the case of uniaxial systems when the heat 
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Fig. 4 FeF2 specific heat and thermal diffusivity data vs. reduced temperature t = ( T - T n ) / T ~ .  

The solid lines represent the best fit from Eqs (3) and (4). The dotted lines represent 
the fit part corresponding to the rounding region where data are not considered 

transport process is purely diffusive, the dynamic critical behaviour can be de- 
scribed in terms of a theoretical model (model C for n= 1) predicting -b=(x that 
is what we have obtained. The thermal conductivity behaviour (not shown) does 
not show any anomaly at TN as one should expect being -b=(x within the ex- 
perimental uncertainty. 

In Fig. 5, c and D behaviour of the 8S5 are plotted over the AN phase tran- 
sition region. Again data have been fitted with the same expressions used in the 
case of FeF2. For the specific heat the values (x=-0.022 _+0.008 and 
A-/A+=0.968_+O.020 have been obtained. These experimental values are close 
to those (t~=-0.007 and A-/A+=0.9714_+O.0216) predicted by the 3D XY 
model valid for systems with d=3,  n=2 [11, 12]. The difference between the 
measured and the theoretical (x values can be explained through the dependence 
of the (x value on the width of the nematic range [13]. The thermal diffusivity 
critical exponent b=-0.027_+0.005 obtained from the fit is similar to the spe- 
cific heat one and suggests the D critical behaviour to be described once again 
by the dynamic model C for n=2 which predicts - b =  lot[. The thermal con- 
ductivity remains almost constant all over the critical region showing no anom- 
aly at T^s. 

C o n c l u s i o n s  

The application of the PPE technique has enabled us to perform high reso- 
lution simultaneous measurements of thermal parameters in the vicinity of two 
second order phase transitions of solid and liquid samples. The investigated 
temperature ranges where the two transitions occur, are in the cryogenic tem- 
perature region and near the room temperature, respectively. For what concerns 
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Fig. 5 gS5 specific heat and thermal diffusivity data vs. reduced temperature 

t= (T -Txs ) lT^ s .  The solid lines represent the best fit from Eqs (3) and (4). The dot- 
ted lines represent the fit part corresponding to the rounding region where data are 
not considered 

the FeF2 its Ising like system nature has been confirmed and it has been shown 
how its thermal diffusivity critical behaviour can be described by the dynamic 
model C for uniaxial systems. Analogously it has been shown that for the 8S5 
liquid crystal the 3D XY model in statics and the model C for n = 2  in dynamics 
well describe the c and D critical behaviour. For both of the samples the thermal 
conductivity presents no anomaly at the transition temperatures. 
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