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Abstract

We describe the construction, performance and first application of a spectrometer for measurements of frequency-dependent
complex thermal diffusivities and effusivities. Knowledge of these quantities enables the complex dynamic specific heat and
the thermal conductivity to be calculated. The technique uses the properties of thermal waves initiated at the surface of plate-
like samples by the absorption of light with an oscillating intensity. A registration of the resulting temperature oscillations in
the absorbance layer at the upper surface of the sample yields the effusivity, an analogous measurement at the bottom gives the
diffusivity. The detection of both amplitudes and phases of the signals leads to complex quantities. Measurements encompass a
frequency range from 1072 to 10? Hz. The apparatus was used in a study of the reversible surface melting of poly(ethylene
oxide). Both the magnitude and the characteristic time range of this process could be determined. © 2001 Elsevier Science

B.V. All rights reserved.
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1. Introduction

Measurements of the dynamic heat capacity by
modulation techniques have become a powerful tool
for investigating the dynamics of thermally activated
processes, e.g. the glass transition and the continuous
melting in polymeric systems. Different experimental
methods have been developed: temperature-modu-
lated differential scanning calorimetry (TMDSC)
[1-4], alternating current calorimetry (ACC) [5-7],
temperature wave transmission spectroscopy (TTS)
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[8-10] and 3w heat capacity spectrometry [11,12].
In analogy to other dynamical methods, e.g. dynamic-
mechanical and dielectric experiments, the techniques
use the modulation frequency as a variable parameter,
now determining the dynamic heat capacity as a
complex and frequency-dependent response function

¢y () = cy(w) —icy(w) = |cjle (D

Due to the diffusive character of heat conduction, a
periodic heat flux homogeneously absorbed at the
surface of a plate like sample produces plane thermal
waves with a wavelength A which in the normal case of

a real heat capacity is given by (see Eq. (18))
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Here « is the heat conductivity and p the density of the
sample. Depending on the thickness of the sample and
the modulation frequency one finds two limiting cases.
First, if the thermal wavelength is much larger than the
sample thickness, we have the condition of the quasi-
static calorimeter. In this case the temperature dis-
tribution is homogeneous and one determines the heat
capacity of the material. This principle is represented
by the TMDSC and the ACC technique. On the other
hand, if the thermal wavelength is in the same order or
smaller than the sample thickness, a temperature
distribution arises and one observes a diffusive pro-
pagation of thermal waves. In this diffusive case, one
determines either the effusivity

€ = pKCp 3)

or the diffusivity

D= . ()
pCp

by applying the 3w-method or TTS, respectively.

For a complex dynamic heat capacity, the effusivity
and the diffusivity become frequency-dependent and
complex as well, and we have to write

(o) = € (w) —ie'(w) = |¢']e7 5)
and
D () = D () +iD/ () = |D*[ei ©)

From the measurement of both ¢*(w) and D*(w), one
can find again the heat capacity and thermal conduc-
tivity, as

o = L[ €(@)
(@) =1 Do) )
K (0) = v e (o)D) ®)

In the following, we discuss an experimental setup
which enables ¢*(w) and D*(w) to be determined over
a large frequency range extending from 1072 to
107 Hz.

We first formulate the physics of the experiments in
mathematical terms. Then the experimental setup will
be described. Subsequently we show calibration mea-
surements which check the performance. Finally, we
present as an example the results of a dynamical study
of the surface melting in poly(ethylene oxide) (PEO).

2. Physical basis

We begin with the quasi-static condition. If the
temperature is homogeneous within the sample, an
oscillating heating power of the form

P*(t) = P + 5Py )

applied to a sample produces a temperature varying
with the same frequency

T(t) =T + 0T (t) = T + 0T e (10)
The oscillating parts are related by
* d * iwt
mc, aéT (1) = dPye'” (11)
which leads to
Py .

* __“0 —i(n/2) 12

() mwoT ¢ (12)

In the diffusive case, we consider thermal waves of
the form

5T (z,1) = 0Tyl (13)

Both the real and the imaginary part of the complex
wave vector

K=k +ik’ (14)

are parallel to the z-direction. By inserting the expres-
sion into the temperature diffusion equation

) k 0
8[5 (z,1) P, 8125 (z,1)
82
= DB_Z26T (z,1) (15)

we obtain the dispersion relation for thermal waves
o(k*) = iD(k*)? (16)

or reversely

k() = ,/%w = \/ge““/‘” (17)

For a real diffusivity then both the real and the
imaginary part of the wave vector have the same value
with different signs

N VA 2
K = —k ’/2D (18)
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We discuss the situation where the sample is infi-
nitely extended in z-direction with the surface at z = 0.
If the oscillating part of the power with amplitude 6Py
is applied on a surface area S, it produces a heat flux
component varying with the same frequency

0Py
— ¢

j*(z — O7 l) — it (19)

penetrating into the sample. Employing the heat con-
duction equation

0

Jzt) = —k=T(z,1) (20)
0z

we obtain for the plane thermal waves at z =0

0Py i 0
T Ogior . =S¢ _
5 ¢ K8Z5 (z=0,1)

= ikk*0T"(z = 0,1) 21
and thus, for the temperature amplitude at the surface
5P0 e*i("/“)

sTe =20 ¢
0T Sk wpcy /K

(SP() e*i(”/“)
=S Vo e

If we insert this result and the dispersion relation into
the expression for the thermal waves, we find

i(wt—+/(w/2D)z) e~V (w/2D)z

(23)

Choosing appropriate experimental setups, it is
possible to determine either the effusivity ¢ or the
diffusivity D. If we measure the temperature oscilla-
tion on the surface of the sample, i.e. at z =0, we
obtain

(22)

6Py e/
TS Yo

5T (2, 1)

. 5P efi<n/4)
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The effusivity then follows as

eiwt (24)

SP? 1
=20 - (25)
S2 |oT*(z = 0,1))|

On the other hand, the temperature oscillation in the
sample at z = d is given by

—i(n/4
OT* (z=d t):(sﬁ \e/l_(\//iei(wt\/wlj) o/ (@/2D)d
9 S > c

(26)

In this case, the diffusivity can be derived both
from the phase and the attenuation of the thermal
wave.

The given equations all refer to the usual case of a
real dynamic specific heat, effusivity or diffusivity.
The generalization to situations where these quantities
are complex follows directly from corresponding
replacements in the equations. Some special cases
are dealt with later on.

3. Experimental setup

Measurements of the effusivity and the diffusivity
are carried out with the same device, only the sample
holder and the temperature sensor are different. The
basic construction is shown in Fig. 1. Samples
are heated by a light beam, whereby intensity mod-
ulations are produced by a chopper. The light is
converted into heat by an optical absorber. The speed
of the chopper determines the modulation frequency.
The technical frequency range is 0.01-2500 Hz. In
order to have a constant light intensity, part of the light
beam is directed onto a photo diode using a beam
splitter, and a PID-controller then keeps the intensity
constant.

The temperature oscillations to be measured are
converted into an ac voltage, in two different ways as
described later. The voltage oscillations are measured
by a lock-in amplifier which obtains the reference
signal from the trigger of chopper. The averaging time
used for one data point depends on the modulation
period. It varies between 1500 s for the low frequen-
cies and 300 s for the high frequencies. The amplifier
measures both the amplitude and the phase of the
voltage oscillations, which are proportional to the
temperature oscillations.

Samples are introduced in a copper oven which is
put into a dewar filled with liquid nitrogen. The oven
can be heated electrically by a metal wire via a PID-
controller and is cooled by the nitrogen atmosphere.
The oven temperature can be varied from —100 to
200°C with a constancy of 0.1°C.

All experimental parameters, i.e. the oven tempera-
ture, the modulation frequency and the light intensity
are controlled by a PC. At the same time the PC
collects the measured data, in particular, the amplitude
and phase of the temperature oscillations.
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Fig. 1. Schematic of the basic experimental setup. The light intensity of a metal halide lamp is modulated by a mechanical chopper. An optical
absorber transforms the light intensity into a thermal wave, which propagates through the sample. The phase and the amplitude of the thermal
wave is measured by a lock-in amplifier, as described in the text. To keep the light intensity constant it is measured by a photo diode using a
beam splitter, and a PID-controller then regulates the power supply of the light source.

3.1. Effusivity measurement

The sample holder used for the effusivity measure-
ments is shown in Fig. 2. The sample is in a cylindri-
cal form with a diameter of 30 mm and a thickness
of 8 mm. The absorber is a graphite film, which is
directly sprayed onto the sample surface.

The sensor for the detection of the thermal waves is
a thermocouple which is fixed at the surface of the

sample in direct contact with the absorbance layer. We
use type E chromega/constantan thermocouples of
12 pm diameter supplied by Omega Engineering.
The thermocouple junction is glued onto the sample
surface with a small amount of epoxy resin.

For the measurement of the temperature oscilla-
tions, the thermocouple is connected to the lock-in
amplifier via a high pass filter. The thermocouple is
also used to measure the mean temperature at the

thermocouple

reference — Thu]der Copper wires juncti(}ﬂ
\ graphit absorber
L y ; 1]
sample
Pt 100 (T,
satiple copper sample holder

Fig. 2. Sample holder for effusivity measurements and attachment of the thermocouple temperature sensor. The reference junctions of the

thermocouple are in contact with the sample holder.
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Fig. 3. Circuit diagram of the electronics for the effusivity measurement. To determine the dc part of the thermocouple voltage Urc, it is
connected to a low frequency amplifier and a following low pass filter (R} = 1 MQ, C; = 13.2 pF). To determine the ac part, the thermocouple
is connected to a lock-in amplifier via a high pass filter (R, = 10 MQ, C, = 4.7 uF). The lock-in amplifier obtains the reference signal from

the chopper-trigger.

sample surface. It is then connected to a low frequency
amplifier (DLPVA-B from Femto Messtechnik
GmbH) and a subsequent low pass filter, as shown
in Fig. 3. The reference temperature at the connection
points of the thermocouple wires and the copper wires
leading out of the measuring cell is identical with the
temperature of the sample holder. It is determined
separately using a platinum resistor.

The thickness chosen for the samples in effusivity
determinations has to be large enough to avoid a
superposition of thermal waves reflected at the bottom
of the sample.

The mathematical description of this setup corre-
sponds to Eq. (24)

oPy 1
Svw e
If the heat capacity, the thermal conductivity and thus,
the effusivity are real quantities, the amplitude 67 and

the phase ¢ of the signal relative to the oscillation of
the light are given by

7i(n/4)eia)t

0T (z=0,1) = e

0Py 1
0Ty = —— 27
NI @7
o——ln (28)

In this situation the phase is constant and the thermal
effusivity can be obtained from the amplitude. If there

is an imaginary part in the heat capacity, the effusivity
becomes a complex variable and the phase deviates
from —n/4. Then we have

0Py 1
0Ty = 29)
P sVo /]
¢ =—3T+30 (30)

3.2. Diffusivity measurement

For diffusivity measurements we use the sample
holder shown in Fig. 4. A sample of thickness d is
placed between two glass slides (width: 26 mm, thick-
ness: 10 mm, length: 76 mm). The upper glass slide is
covered on the lower side with an optical absorber.
The absorber is a sputtered CrN-film. The transmis-
sion for light is below 1%, and the reflectivity about
50%, the remaining 50% of the light are converted into
heat. A gold film is sputtered onto the upper side of the
lower glass slide, using a mask which produces the
pattern shown on the left side of Fig. 4. This gold film
is a temperature-dependent resistor and acts as tem-
perature sensor. The meandering part in the center
covering 7 mm? is the sensitive area. As this sensitive
area is comparatively small and placed away from the
edges, perturbations of the planarity of the waves, as
they are found near the edges, can be ignored.
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Fig. 4. Sample holder for diffusivity measurements (right) and gold film temperature sensor (left).

The thickness of the sample is fixed by kapton
spacers. Different values were chosen for different
ranges of the modulation frequency, thus, accounting
for the changing attenuation. For the polymer sample,
they are given in Table 1.

In order to measure temperature oscillations, the
gold film resistor is connected to a constant current
source as shown in Fig. 5. The ac part of the voltage is
separated from the dc part by a high pass filter with a
cut-off frequency of 0.0019 Hz. This frequency has
been determined experimentally, and the necessary
corrections for low frequencies were carried out

T =d) =P 1

o The thermal waves are partially reflected at the two
interfaces at z = 0 and d.

Both factors lead to a reduction of the amplitude of the
signal. For

[
—d>1
2D -

one can neglect multiple reflections and account for
the first reflection of the initiated wave only. A
straightforward treatment shows that the reduced sig-
nal then is given by

2./¢ ~i(n/4) gilwr—/ (@/2D)d) o~/ (@/2D)d 31

numerically. The ac part of the signal is measured
by a lock-in amplifier (SR830 from Standford
Research).

The mathematical description of the setup requires
a slight modification of Eq. (26), due to two features.

e The thermal wave initiated at the interface between
the upper glass slide and the sample (z = 0) does not
only propagate into the sample, but also into the glass.

Table 1
Thicknesses of polymeric samples adapted to the different
frequency ranges

Frequency range (Hz) Sample thickness (pum)

0.01-2 375
1.5-9 110
5-110 55

TSV Vet Vi Vet Jio

where €g is the effusivity of the glass substrate.

Chopper-Trigger

Lock-In

[ i
R(T) = (U, o]
. L

Fig. 5. Circuit diagram of the electronics for the diffusivity
measurements. A constant current I, flows through the gold film
which acts as a temperature-dependent resistor R(T). With varying
temperature the resistance changes and so does the voltage drop.
The ac part of the voltage is separated from the dc part by a high
pass filter (R = 10MQ, C = 4.7 pF) and measured by a lock-in
amplifier, which obtains the reference signal from the chopper-
trigger.



T. Albrecht et al. / Thermochimica Acta 377 (2001) 159-172 165

In case there is no imaginary part in the heat
capacity, and thus, no imaginary part in the diffusivity,
the amplitude 67, and the phase ¢ of the temperature
oscillation at z = d relative to the oscillation of the
light are

8Ty = % 2V¢ e~ V (@/2D)d (32)

1
§ Vo (Vet Vi)

T [ @

In this case, the diffusivity D can be derived from the
phase only. In the general case of a complex diffusivity
we have, according to Eq. (16)

K= ) 2w = [ L il +on/2) (34
D |D*|

The phase difference between the temperature oscilla-
tion at z = d and the oscillating light intensity then
follows as

o=—ln-lo —Kd (35)
T

¢ » T e
-_r.e_ | LAY
(RN |D*|C°S<4+2D) (36)

The term —¢, /2 is due to the fact that

and therefore

(Ve + Vi) ~e (38)

Then the additional phase lag arising from the
term /¢ in Eq. (32) is given in good approximation
by —¢,./2. The expression for the amplitude is more
complicated and, as it will not be used, not given here.

4. Performance checks

The properties of the temperature sensors were first
checked by frequency-and temperature-dependent
measurements using the glass slides only, i.e. without
a sample.

For an examination of the gold film sensor we used a
glass slide with a thin absorbing graphite layer on top
of the sensor. The expected frequency dependence of
the amplitude and the phase now is that of the effu-
sivity measurement: the amplitude should be inversely
proportional to the square root of the frequency
(0Tp ~ 1/+/® ) and the phase should constantly be
at —45°. Fig. 6 shows the frequency-dependent mea-
surement of the phase and the amplitude of the
temperature oscillations. In the available frequency
range, the result is close to the expected behavior.

The same measurement carried out with the ther-

€' < eq (37 mocouple sensor yielded a similar result. It is shown in
10-2: T T T T L L | T '30
1-35
10°
1 -40

ac voltage / V
=)

sl M 1

1
&
op / oseyd

1076 sl MRt 1 anl
0.01 0.1 1

1000

10 100

frequency / Hz

Fig. 6. Checking the performance of the gold film sensor. Signal measured if the absorbing graphite film is placed on top of the sensor on the
same surface of the glass plate. Frequency dependencies of the ac-voltage proportional to the temperature amplitude and of the phase shift

between light intensity and temperature.



166 T. Albrecht et al. / Thermochimica Acta 377 (2001) 159-172

0.01 0.1 1

10 100

100

thermocouple voltage / pV

©0cooo fo)

—rrrr—— -20

slope: -0.508 + 0.005 730

Sop ; eseyd

Ll 100

0.01 0.1 1

10 100

frequency / Hz

Fig. 7. Same experiment as in Fig. 6 now carried out for the thermocouple sensor.

Fig. 7. Here, the usable frequency range is smaller, due
to the higher mass of the thermocouples, but within
this range the behavior is again satisfactory. If neces-
sary one could correct the damping of the amplitude
and shifting of the phase with a low pass filter model.

In order to check the linearity with temperature of
the gold film resistor the dc part of the experimental
voltage was measured as a function of the temperature

set in the oven. The sensor indeed shows a linear
temperature dependence, as can be seen in Fig. 8.
5. An application: surface melting of PEO

As an example we present here the results of a study
of the dynamics of surface melting in PEO [13,14].

094 — 17—

093 |

slope: (5.3 +0.5) 10° V/°C

092 |

0.91

dc voltage / V

It

o

O
T

20 40 60 80

temperature / °C

Fig. 8. Temperature dependence of the resistance of the gold film sensor, observed in a measurement of the voltage drop for a constant
imposed current. The temperature coefficient is constant over a wide temperature range.
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Fig. 9. Determination of the power 0Py of the incident light. Knowledge of 0Py is necessary for the data evaluation in effusivity
measurements. The power can be deduced from the frequency dependence of the temperature oscillation amplitude 675.

Samples were purchased from Aldrich Chemical
Company, Milwaukee, USA and Polysciences, War-
rington, UK. Molecular weights were similar,
M,, ~ 300,000 for both. Both samples included also
amorphous silicon dioxide and calcium carbonate as
additional ingredients. Samples were isothermally
crystallized at 48°C, and then cooled to room tem-
perature.

5.1. Effusivities

To determine the effusivity of the sample as a
function of the mean temperature and the frequency,
the amplitude and phase of the signal were measured
at the top, in direct contact with the absorbance layer
as described in Section 3.1. With Eq. (29) one obtains
the modulus

. P 1 \?
o)1= (5 5me) e

and with Eq. (30) the phase of the effusivity of the
sample.

As a prerequisite the value of 5Py/S has to be
known. There are different ways to determine it. First,
it can be obtained by using the 1//w frequency
dependence of the temperature amplitude in Eq. (27)
for temperatures in the melt region, where ¢ is real and
frequency-independent and known from literature

values for p, x and c,. In a plot of 6Tp(w) versus
1/+/ @ as shown in Fig. 9 a linear fit results in a slope
ms, which is equal to dPy/(S+/¢ ) according to
Eq. (27). Py /S follows from the slope as

0Py

5 =M NI (40)

Another possibility to determine this quantity is to
measure the temperature gradient over the sample.
The heat conductance equation, when applied to the
mean values T and P reads

P _
j:E: —xkgradT 41
The chopper creates a rectangular light modulation
with an amplitude

AP=P (42)

The lock-in amplifier measures the first harmonic of
the oscillating quantities. Taking into account the first
order Fourier coefficient of a rectangular oscillation
one obtains the relation between (6Py/S) and P

oPy 4 AP, 4P
S =m S =S
Fig. 10 depicts as the result of a temperature-

dependent measurement at a fixed frequency,
v = 0.6 Hz, the modulus and phase of the effusivity.

(43)
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Fig. 10. PEO: temperature-dependent measurement at 0.6 Hz. Modulus (filled triangles) and phase (open circles) of the complex effusivity.

There is a prominent peak in the melting region below
63°C. This peak can be attributed to the reversible
surface melting of PEQO, as has been indicated by Hu
et al. [15] and will be explained in more detail in
another paper [16]. The result demonstrates also, that
its appearance is accompanied by a non-vanishing
phase angle ¢, Most interestingly, the peak height
is dependent on the modulation frequency. This is
shown by Fig. 11 which presents the temperature
dependence of |¢*| for different frequencies. We can

conclude from this observation that the period of
the modulation is obviously in the same range as
the characteristic time associated with the surface
melting.

5.2. Diffusivities
First we measured the diffusivity in the molten state

at 72°C, where D is a real, frequency-independent
quantity. D can be determined in absolute values by a

7 —
—+—0021Hz  —v—0456Hz ’
Mmoo 0023Hz  ——0.643Hz 7
[ —a—0039Hz —+—0909Hz
10 —o—0059Hz  —x—1.28Hz
T, L —e—0095Hz —*—182Hz
‘T‘M 09 L —"— 0.156 Hz — /o/
J | —e—0264Hz ';o/"/
g 08 —&—0.456 Hz Y
o R
& 5
< *
0.7
e
% 06
w
05
04 |- -
1 ) 1 ) | L L | L | L | L | L | L | L L L L L | L | (

48 50

52 54

temperature / °C

Fig. 11. Frequency and temperature dependence of the effusivity of PEO in the melting region.
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Fig. 12. Derivation of the diffusivity of molten PEO (72°C) from frequency dependent measurements. Fits for the ac-voltage (proportional to
0Ty) and the phase based on Eq. (44), resulting in the indicated values of P, and P;.

frequency-dependent measurement of the phase and
the amplitude of the temperature oscillation at the
bottom of the sample. According to Egs. (32) and
(33), both the phase ¢ and the expression
In(+/vdTy)(w = 2mv), which includes the amplitude
0Ty, are given by a function of the form

f(v;P1,P2) =Py — 1/l (0 =2mv) (44)
Py

The parameter P, is proportional to the diffusivity.

D

P2 = i) (45)
Fig. 12 shows the phase and the amplitude as a
function of the modulation frequency for a liquid
PEO sample with a thickness of 55 um in the fre-
quency range between 2 and 110 Hz together with the
respective fits. All results obtained in this way for
different sample thicknesses in the corresponding
frequency ranges are shown in Table 2, together with
the diffusivity values derived from P;.

The value for the diffusivity of liquid PEO averaged
over the three samples, as derived from both the phase
and the amplitude, is D = (8.9 = 0.6) x 1078 m? s~ 1.
In the literature one finds [17],D = 9.0 x 10~8 m? s~.
The agreement is quite good. Thus, we are able to

determine absolute values for the diffusivity of poly-
meric materials.

In the next step, we determined the diffusivity of
PEO as a function of temperature and frequency in the
melting region of PEO. The result is shown in Fig. 13.
The findings for the (reciprocal) diffusivity obviously
agree with those for the effusivity. Again a peak shows
up in the melting range, and its height decreases with
increasing frequency. The dependence is shown in
Fig. 14. We, thus, have further confirmation, that
the surface melting in PEO takes place on time scales
in the range probed by our experiments.

The data in Fig. 13 were obtained applying Eq. (33),
i.e. under neglect of the non-vanishing phase angle
¢@p- This is possible considering the results of the
effusivity measurements. The changes in the measured

Table 2
Diffusivities of liquid PEO at 72°C, derived from measurements in
different frequency ranges

Frequency d (um) P, (Hz) P, (Hz) D

(Hz) from ampliude from phase (1078 m?s71)
0.012-0.5 375 0.17 0.2 8.2

0.35-8.8 110 2.1 2.7 9.1

4-150 55 10.45 9.35 9.4
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Fig. 13.

phase delay ¢ through the melting range caused by the
surface melting were large compared to ¢,. Eq. (36)
indicates that, assuming ¢, >~ ¢, the effect of the
imaginary component then is indeed small.

5.3. Derivation of the heat capacity and conductivity

With the knowledge of the diffusivity and the
effusivity one can now derive the heat capacity and

Frequency and temperature dependence of the reciprocal diffusivity of PEO in the melting region.

the thermal conductivity in dependence on tempera-
ture and frequency, employing Eqgs. (7) and (8). We
chose the value p = 1.13 gcm™> for the density of
PEO, as given in the literature [17].

The values, thus, obtained for the modulus of the
heat capacity and the thermal conductivity are shown
in Figs. 15 and 16. The results demonstrate that
the peaks in the reciprocal diffusivity and the effusiv-
ity are due to a corresponding peak in the heat

20 LERELIRRAL T LR ERILERL | LRI | T T
1.8 F -
. I [
ﬁ 16} EIEE i
o
_— o) '
5 EEI
5}
< 12y EE 43 .
S L P N S
1.0F e
0.8 L1l 1 L1 anl 1 sl 11l
0.01 0.1 1 10 100

frequency / Hz

Fig. 14. Height of the peak in Fig. 13 vs. frequency.
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Fig. 15. PEO: temperature dependence of the modulus of the complex heat capacity, deduced from the measured diffusivity and effusivity.
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Fig. 16. PEO: temperature dependence of the thermal conductivity, deduced from the measured diffusivity and effusivity.

capacity, with the same frequency dependence. The
thermal conductivity shows in the melting region only
a step-like decrease. It is related to the irreversible
melting of the crystal lamellae, i.e. to the decrease of
the crystallinity down to zero. Within the error limits
of the data, there is no indication for a frequency
dependence.

6. Conclusions

A new modulated light calorimeter has been devel-
oped, working in the diffusive region. The calorimeter
can be operated in two different modes, to be used in
measurements of the effusivity or the diffusivity of a
sample, respectively. The accessible frequency range
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is four magnitudes large, extending from 0.01 up to
100 Hz. The temperature fluctuations of the oven are
below 10 mK.

Measurements carried out for PEO show that the
new calorimeter can be successfully applied to study
the thermal properties of polymers at frequencies up to
100 Hz. The expected effect of reversible surface
melting has been observed and the related character-
istic dynamical time could be measured.

The combination of diffusivity and effusivity data
was used to deduce both the heat capacity and the
thermal conductivity.
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