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Abstract

We have designed and developed a versatile calorimetric system especially intended for glass-forming liquids, with which we are able to
concurrently study and characterize the phase transitions in the range 77-300 K and also to measure their specific heat at low temperatures (0.3—-30 K).
At the former, higher temperatures we employ either a continuous method or the quasi-adiabatic, Nernst method. For specific-heat measurements at
lower temperatures, we can use both quasi-adiabatic and thermal-relaxation methods. In particular, we have built up two complementary versions
of the thermal-relaxation method (the standard one and an alternative version useful for longer relaxation times). A user-friendly PC software has
been developed, allowing us to choose among the four calorimetric methods, as well as to tune all controlling parameters. We have applied this
experimental system to investigate the calorimetric and thermodynamic behavior of the different solid phases of ethanol, as well as other interesting

glass-forming systems such as alkyl-cyclohexanes or ionic liquids.
© 2007 Elsevier B.V. All rights reserved.
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1. Introduction

Although glass is a well-known and widely used material
since thousands of years ago, the very nature of the glassy
state and its physical properties remain an issue of vivid debate
within the scientific community. Indeed, when some prominent
scientists analyzed the main challenges to be addressed in the
21st century, it was stated that “The deepest and most inter-
esting unsolved problem in solid state theory is probably the
theory of the nature of the glass and the glass transition” [1].
In short, this major theoretical and phenomenological problem
to be addressed has two prongs. One is related with the very
nature of the glass transition: is it essentially a mere kinetic
phenomenon or is there an underlying second-order thermo-
dynamic transition [2-4]? The second prong is in the realm
of solid-state physics and concerns the unexpectedly universal
physical properties exhibited by glasses and other disordered
solids at low-temperatures and/or low vibrational frequencies
[5,6].
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Thermal and calorimetric experiments are therefore most rel-
evant for investigations in both of these fundamental aspects
of the glass research. At relatively high temperatures, differ-
ential scanning calorimetry (DSC) is the most widely used
thermoanalytical technique. Commercial DSC devices are often
and efficiently employed above 100K to observe and study a
number of phase transitions in many different substances: crys-
tallization and melting first-order transitions, glass transitions,
polymorphism in food and pharmaceuticals, liquid crystalline
transitions, etc. [7]. DSC is also frequently used for measure-
ment of heat capacities, usually at relatively high scan rates,
about 10-20 K/min. Since DSC measurements are dynamic, a
calibration is usually carried out by using a standard sample with
known heat capacity.

Onthe other hand, when cooling any material from room tem-
perature to a few K, a tremendous reduction of thermal energy
(say, by a factor of 10* to 107) occurs [8]. The technical diffi-
culties arising from this drastic decrease in energy are the main
problems which have prevented “low-temperature calorimeters”
being commercially available. Therefore, measurements of the
specific heat of solids at low-temperatures have always been a
challenging task for low-temperature experimentalists. The first
and easiest method to measure the specific heat of a material is
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the adiabatic or Nernst calorimeter [8,9]. With this method, one
directly determines the heat capacity per unit mass by accurately
measuring the temperature increase produced in the sample after
supplying a known amount of heat (i.e. a given electrical power
during a fixed period of time). The need for excellent thermal
isolation and the minimization of stray heat leaks makes however
adiabatic calorimetry inapplicable in many cases. This has led to
the development of several other calorimetric techniques [8,9],
such as relaxation calorimetry, AC-temperature calorimetry or
diffusive heat pulse calorimetry. Although much more techni-
cally complicated and time-consuming, these low-temperature
techniques share the advantage of determing the specific heat of
the sample in absolute terms, directly from a well-defined phys-
ical equation, in contrast to the calibration procedures required
in commercial DSC.

Molecular liquids (at room temperature) have been and keep
on being exhaustively studied by chemists and physicists. They
also play a leading role in the research on glass-transition
phenomena, since all relevant processes use to occur in the con-
venient temperature range between room and liquid-nitrogen
temperatures. Three decades ago, Suga and Seki [10] studied
exhaustively the thermodynamic behavior of a number of pure
low-molecular weight compounds, by using three kinds of adi-
abatic calorimeters, more or less sophisticated, depending on
the required cooling rates. They also employed a differential
thermal analysis (DTA) apparatus to survey the general ther-
mal behavior of a particular material prior to performing the
quantitative measurements through adiabatic calorimetry. These
authors found [10] glass-transition phenomena in all of the stud-
ied substances typically around 7'~ 100-200 K. In some cases,
they corresponded to standard glass transitions from the (amor-
phous) structural glass to the supercooled liquid (they called
them glassy liquids); in other cases, the transitions were from an
orientationally disordered crystal (ODC) — or “glassy crystals”
— to its rotationally disordered plastic-crystalline phase. This
dynamic transition from a non-ergodic state (the ODC phase) to
an ergodic one (the plastic crystal, PC, which always has a small
entropy of fusion and plays the role of the supercooled liquid)
is therefore thermodynamically equivalent to the standard glass
transition.

The most interesting case appeared to be ethanol
(CH3CH20H), which could be prepared [10-12] either as a sta-
ble (monoclinic) crystal, as a structural (amorphous) glass, or
as a glassy crystal (i.e. an ODC) by quenching the PC phase,
depending upon thermal histories and cooling rates below its
melting point at 7Ty, =159 K. Very strikingly, both kinds of
glass transitions (the canonical one and the dynamic PC-ODC
transition) occur at the same temperature 7q~ 97 K and with
comparable jumps in specific heat. Ethanol thus appears as
a good model system to investigate above-mentioned low-
temperature properties of glasses [5,6], as well as the glass
transition itself, discriminating the possible roles played by ori-
entational and translational disorder. Indeed, we have shown
[12,13] that both the structural (amorphous) glass and the orien-
tational glass (i.e. a crystal with orientational disorder) phases
of ethanol show, qualitatively and even quantitatively, the same
glassy features in the low-temperature specific heat, altogether

with very similar glass-transition phenomena [10,14] between
their corresponding ergodic and non-ergodic states.

During last years, we have been developing and improv-
ing a calorimetric experimental system appropriate to prepare
and characterize in siru these different solid phases (from a
sample which is originally liquid when mounted at room temper-
ature), and then to measure their specific heat in a high-vacuum
environment, both at low (liquid helium) cryogenic tempera-
tures and intermediate (above liquid nitrogen) temperatures.
In order to make further progress in this line of research,
we have implemented higher-accuracy calorimetric methods
(both quasi-adiabatic and thermal-relaxation ones) to measure
low-temperature specific heat of different glassy and crys-
talline phases of different molecular compounds. Obviously, the
employed methods and PC programs could be straightforward
applied to measure the low-temperature specific heat of common
samples of either crystals or glasses, that are already solid at
room temperature. In addition, we have also implemented other
calorimetric methods appropriate for higher temperatures in the
transformation range of typical molecular glass-forming liquids,
by developing a guasi-adiabatic continuous method which can
be run in the same experimental set-up.

In the next sections, we will briefly describe this versatile
calorimetric system and the different calorimetric methods that
we can use for each situation, and provide a brief account of the
developed software to conduct these calorimetric experiments.
Some examples and tests of their use and applicability in our
studied compounds will also be shown.

2. Experimental
2.1. Calorimetric set-up

The experimental set-up consists of a vacuum-tight copper
cell, suspended by nylon threads from the inner flange of a
cryostat. A silicon diode is used as thermometer in the higher
temperature range and a commercially calibrated carbon resistor
is usually employed at lower temperatures. A 1 k<2 resistor oper-
ates as electrical heater. These elements are glued onto the lower
and upper surfaces of the cell. A simple, glass-dewar cryostat has
been used, with a double-chamber insert to allow an indepen-
dent thermal control of the reservoir temperature. Either liquid
helium or liquid nitrogen is used, depending on the required
temperature range. For temperatures below 2K, a He cryo-
stat is employed instead [13]. Experiments were conducted in a
high-vacuum environment (<10~ mbar), supplying helium gas
as thermal exchange gas when necessary.

In the present work, we have employed two kinds of calori-
metric copper cells (see photo in Fig. 1). A first type of cell
[11,15] is a copper cylindrical container (13mm diameter,
25 mm height) with thin walls (<0.5 mm), and with an indium
sealed copper cover. Typical sample mass is here 2.5g, for an
empty copper cell of around 13 g. For some special compounds,
aluminum was used [16] instead of copper to make the calori-
metric cell. The second type of cell [12,13,17] was especially
designed for measurements at low temperatures, as well as for
allowing relatively high cooling rates to get a glass state. This
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Fig. 1. Two main types of used calorimetric copper cells, compared to the size
of an €1 coin.

cell isasmall (approximately, 20 mm diameter, 5 mm height and
very thin walls, 0.2 mm) pan-shaped, vacuum-tight copper con-
tainer. In this case, typical sample mass is 1.5¢, for an empty
copper cell of around 3 g. A fine copper mesh is fitted inside this
sample holder to allow a rapid achievement of thermal equilib-
rium. Clean syringes were used for putting the liquid samples
into the cells, which were immediately closed. For the latter,
smaller copper cells, this is done by cutting and mechanically
sealing the pre-solded, appended tube. In all cases, a check for
mass losses was performed after exposing the cell to dynamic
vacuum from a diffusion pump. A second check on the total
mass of the calorimetric cell, full of liquid, was performed at the
end of each measurement run. All heat-capacity measurements,
including those above 100 K to characterize the obtained phases,
were carried out using the same experimental cell for a given sub-
stance. The latter was carefully weighted before and after being
emptied. The heat capacity of one empty cell of each type was
measured in order to subtract the addenda contribution. Small
differences in weight (less than 5%) among different cells of the
same kind were taken into account by considering the specific
heat of copper. Measurements of a given material using different
cells showed thus very good agreement and reproducibility.

2.2. Calorimetric methods

Threetime scales are involved in a calorimetric measurement:
the internal relaxation time z;j of the energy inside the whole
of the calorimetric cell (including sample, heater, thermome-
ters and support), the relaxation time ¢ of the energy through
the thermal contact (including all possible energy-loss chan-
nels), and the observation time interval during the experiment,
Texp. Any calorimetric method here described assumes internal
equilibrium states, so 7j < t.

If the same experimental set-up will be used for a wide
temperature range, different calorimetric methods, each appro-
priate for a different temperature range, must be implemented.
The different time scales determine the election of the differ-
ent methods. In the range where different methods overlap, the
reproducibility and accuracy of the whole set-up can be tested.
Three static and one dynamic methods have been chosen and
used within our system: quasi-adiabatic, standard relaxation, a

non-standard fast relaxation method, and an adapted continuous
method.

The simplified form of the conduction equation relates a
constant heating power P (P =Vnln, Where V}, and Iy are the
voltage drop in the heater element, and the electric current flow-
ing through it, respectively) with the variation of energy in the
cell and the energy losses through the thermal contact:

T
Kn(T)dT, @

7T
P=C(Dg+ |
0

where we assume that the main energy loss occurs through the
contact wire (a copper wire was chosen to have a relaxation time
7~ 1 min at liquid helium temperatures). If the heat capacity of
the cell, C,, is nearly constant for small temperature changes
(typically AT/T ~ 1%), and the thermal conductance of the wire,
Kn, is either linear or nearly constant for temperatures between
the thermal reservoir temperature, Ty, and the cell temperature,
T1, the simplified form is thus:

dT
P=Cpy +KnAT (2
The solution for this linear differential equation is the well-
known exponential expression:

P t C

AT() = — {1—exp (—f)} or= L, (3)
Ky T Ky

When the relaxation time t is much larger than the typical time

of the experiment, 7> Texp, the solution becomes the usual

adiabatic case:

P t P PAt
AT~ Kn {1 (1 r” - cpticf’ AT @
where At is the fixed time for heating the cell at power P. In
this adiabatic solution, as the time required to cool the sample
is extremely large, the temperature remains constant when no
power is applied. (In a more realistic, quasi-adiabatic case, a
small thermal drift is observed. This can be easily subtracted [8]
from the temperature recording, by making least-squares linear
fittings for the drift curves To(z), both before and after the heat-
ing period, provided they keep reasonably parallel). A non-zero
heating power will increase linearly the cell temperature. On the
other hand, when 7 is closer to teyp, the observed temperature
variations are no longer linear but exponential, i.e. relaxations
of energy.

Nevertheless, in order to measure heat capacity C, at low-
temperatures, relaxation calorimetry is often used instead of
adiabatic calorimetry, since it is more suitable for smaller sam-
ples and/or lower temperatures, and avoids the requirements
of perfect adiabaticity. In the first part of the standard relax-
ation method [9,18], one waits until the steady-state equilibrium
between the heating and cooling power is achieved. At this point,
the increase in temperature remains constant: AT, =P/Ky. In
the second part, the heating power is switched off and the relax-
ation of temperature is recorded:

T(1) = To(t) + AT XP (-2) . ©)



E. Pérez-Enciso, M.A. Ramos / Thermochimica Acta 461 (2007) 50-56 53

The linear fitting of the exponential decay in a semi-log plot
gives the time constant t, the thermal conductance parameter is
directly Ky = P/IAT, and hence the value of the heat capacity
is obtained

Cp =Kyt (6)

However, when the relaxation times to equilibrium, = and
therefore zexp, are getting larger (typically with increasing tem-
perature), some inaccuracies could appear in a real experiment,
mainly due to variations on the reference temperature To(7). A
faster relaxation method can then be used, in which the steady-
state heating equilibrium is not reached. The key idea is to make
also use of the heating part of the recorded data, by fitting it to Eq.
(3). As 7 is known from the cooling-curve fit, after a simple vari-
able change, r— §=[1 — exp(—#/7)], and the heating equation
becomes AT(8) =(P/Kn)S. Thus, a simple least-squares linear
fit provides the missing parameter Ky, and the heat capacity
is again obtained from Eq. (6). In the low-temperature exper-
iments shown in this work, Ky ranged typically between 20
and 100 wW/K. The goodness of these exponential fits will
depend on the goodness of the condition 7; <« T and on having a
well-defined thermal link. By using this non-standard relaxation
method the total experiment time can be reduced dramatically,
and hence the accuracy is improved, since one avoids a large
error coming from a non-stable reference temperature Tg (7).

For measurements above 77 K, specific heat was measured
by means of a quasi-adiabatic, continuous method. Even if
apparently adiabatic, any calorimetric cell is in contact with
the thermal reservoir at 77 K through an effective thermal link
(mainly arising from blackbody thermal radiation plus conduc-
tion through the electrical wiring). Therefore, the equation of
heat transport contains both a cooling P¢oo) and a heating Phegt
power terms, so that

dr
Cp (dl‘) = Pheat + Peool = Vhln + C,O(T), (M

where ©(T) = (d7/df)gri; is the intrinsic (negative) thermal drift
of the system, which is directly measured as a function of tem-
perature by standard cooling at I = 0, with the thermal reservoir
fixed at 77 K. These measurements should be done indepen-
dently for each phase of the studied substance, since differences
in their specific heat imply (slightly) different thermal drift ©(7)
curves for the whole system. Then, the heat capacity can be
determined from

C.— Vhln
P dryde — (1)

Finally, the heat capacity of the empty cell is measured sepa-
rately, so that its contribution can be subtracted and the wanted
specific heat data of the sample obtained.

On the other hand, a direct display of the measured d7/d:
curve as a function of temperature 7, for a constant applied
power, is besides a useful thermogram to monitor first-order
transitions such as melting and crystallization processes (see,
for instance, Refs. [11,14-16]).

With this experimental system, maximum cooling rates
attainable are around —20 K min—1, using the second type of

(8)

cell, and heating rates should be below +4 Kmin~? to obtain
reliable results in absoulte terms, whereas there is no limitation
to conduct cooling or heating processes as slow as desired.

2.3. PC software for calorimetry

An application, “LBT Calorimetria”, was developed for the
automation of the calorimetric methods, user selection of all
control parameters, and data analysis. It was developed in the
framework of Borland BDS 2006®. The application is com-
posed of different functional modules: heat capacity, thermal
conductivity, thermal expansion, and other modules for the data
analysis, and automation of temperature controllers. So, a wide
thermal characterization of the system can be done. Different
thermal properties could even be measured at the same time for
the same sample.

The power applied by the heaters and the temperature reading
by the thermometers are nothing else that voltage and current
measurements, so the user can choose between a wide series of
precision current sources and high-sensitivity voltmeters. Accu-
racy thermometry is a must in these experiments, and hence
well-calibrated thermometers are used. Due to the wide tem-
perature range of interest, several kind of thermometers and
calibration curves can be selected within the program by the
user. Different types of calibration files can be imported, either as
polynomial fits (Chebyshev, power series, logarithmic, inverse
power series, etc) or calibration data to be interpolated. At any
time, the current in the resistance thermometers is automatically
set, so that the voltage drop is a user selectable value (typi-
cally a few millivolts). Current polarity is also changed to avoid
thermoelectric offset.

In addition, the user can choose among several temperature
controllers for temperature stabilization or ramping of cryostat
chambers.

Once the heat capacity module has been launched and the
instrumentation and thermometry has been selected, the user
must choose the measurement method, modify any of the
measurement parameters, and start the run. After one heat-
capacity data point at a given temperature has been obtained,
the program automatically changes the chamber temperature to
a user-selectable amount. When the conditions for a new run are
given, a new heat-capacity measurement is started. The whole
routine ends either by a user order or by a high-temperature
security condition.

For a high versatility of the program, the new run condi-
tion is fired either by a user order, when a user selectable time
has elapsed, when the base temperature has changed by a user
selectable value, or when the equilibrium to the new temper-
ature is achieved. This is programmatically implemented by a
temperature slope smaller than a given value.

Although small in terms of temperature slope, there is always
a thermal drift which is recorded during the first part of the
run. As the heat capacity of the cell is known from the last
run, the program automatically determines the heating power
to obtain the selected porcentual increase in temperature, in a
given heating time which is also pre-selected by the user. In all
cases, the running 7(¢) curve is being displayed on the screen,
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together with all the relevant information about the currently
selected items, variables or controlling parameters.

In the quasi-adiabatic case, the thermal drift after heating is
recorded. The run stop condition is fired by a user order, when
the slope is similar enough to the initial one by a user selectable
parameter, or when a user selectable value elapsed. Effective
temperature increase is calculated by extrapolation of drifts to
the midpoint of heating time.

In the standard relaxation method, heating is stopped when
the slope is similar enough to the initial one, and AT is now
obtained by extrapolation of the slopes to the end of heating time.
The program will fit the relaxation curve for the data between
upper and lower limits. Those limits are selected as porcentual
values of AT, typically 5% and 80%. Good exponential fits
are obtained only if the extrapolated drift of the first part of the
run is subtracted from the recorded data. This is also true for the
fits in both the heating and cooling parts of the fast relaxation
method. Moreover, the program opens graphic windows on the
screen to show instantaneously the semilogarithmic plots of the
running experiment, and the corresponding linear fits, to monitor
the good thermal behavior of the experiment.

Finally, the continuous method is run by simply recording
the temperature reading of the thermometer(s) as a function of
time 7(¢), also recording the instantaneous voltage drop in the
heater and any other required parameters. Specific-heat curves
are obtained in a subsequent data analysis by using Eqg. (8).

3. Results and discussion

Inthis section, we will present some direct examples of exper-
imental data obtained with our calorimetric system. In all cases
to be presented here, the studied sample is pure ethanal, in some
of its different phases. One example of an experimental point
obtained by the classical adiabatic method for the orientationally
disordered crystal (ODC) phase of ethanol is depicted in Fig. 2.
For a pre-selected temperature increase, AT/T ~ 1%, the pro-
gram estimates the required power, which is applied for a given
period of time Atr. The average temperature of the measurement
(82.3 K in this case) is obviously given by the midpoint of the
produced temperature jump AT. P1 and P, indicate the automat-
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82,75 ' . K ‘ : : 182,75
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Fig. 2. Example of adiabatic point, taken at 82.3 K (the midpoint of the jump) in
the orientationally disordered crystal (ODC) phase of ethanol. P; and P; indicate
the linear fits for the thermal drift before and after the heating step, respectively.
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Fig. 3. Examples of experimental points obtained for glassy ethanol at low
temperatures, using the standard relaxation method (a) and the alternative fast
relaxation method (b), as explained in the text. The thermal drift curves Tp(z)
are indicated with dashed lines.

ically fitted linear backgrounds for the thermal drift before and
after the heating step, respectively. When these are long and par-
allel enough, the point is completed and a new point is started.
The heat capacity of the calorimetric cell at the above-mentioned
average temperature is then straightforward determined by Eqg.
4).

As reminded in the previous section, in the standard thermal-
relaxation method (see Fig. 3a), the temperature T of the sample
is raised (by around 1%) and then let to decay exponentially with
time ¢, following Eq. (5). On the other hand, when the relaxation
time 7 is getting longer (this typically happens with increasing
temperature), we can replace the long-time heating step by a
shorter heating curve (see Fig. 3b), that follows Eq. (3). In this
alternative, two-step relaxation method, AT is not measured
directly, but determined from a simple linear fit (see inset in
Fig. 4) of the heating curve A#(8) = (P/Kny)s defined above, after
having determined = from the cooling relaxational curve by Eq.
(5). As can be seen in Fig. 4, the excellent linear behavior of the
semilogarithmic plots in both cases guarantees the existence of

Ln(AT)

000 005 040 045 020 025
-6.0 - 5=1- expl/) 8
n L 1 L L

1 L 1 L L

L 1 1 1
0 25 50 75 100 125 150 175
time (s)

Fig. 4. Examples of the semilogarithmic plots from Eq. (5) used to determine
the time constant = for the experimental data of Fig. 3. Inset: linear fit to
the heating curve for the fast relaxation method (b), AT(8) = (P/Kn)38, where
8 =[1— exp(—1/7)]s; see Eq. (3) in the text.
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Fig. 5. Total low-temperature heat-capacity in a C,/T vs. 72 plot, measured for
pure ethanol, in ODC (triangles) and crystal (circles) phases, as well as the
heat capacity measured for the empty cell (squares) in order to be subtracted.
Solid symbols correspond to data measured by the standard relaxation method
and open symbols by the alternative fast relaxation method (see text for more
details).

a well-defined relaxation time 7 for the effective thermal link
and improves the accuracy of the measurement.

In Fig. 5, we present heat-capacity data in a C,/T versus T2
plot obtained at low temperatures for different phases of pure
ethanol, together with the measurement of the empty cell. After
subtracting the latter and dividing by the corresponding amount
of ethanol in each case, the desired molar specific heat can be
determined. As can be observed there, data obtained from either
the standard relaxation method (curve (a) in Fig. 3) or from the
alternative one (curve (b) in Fig. 3) agree very well with each
other.

Finally, we show in Fig. 6 several specific-heat curves
obtained [14] for pure ethanol across the dynamic glass-
transition ODC — PC, as well as for the stable, monoclinic
crystal phase and its melting transition into the liquid state.
These data are obtained from measured d7/dr curves (typically
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T T T T T T T ST
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T 2
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g 100 g ’ <100
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& crystal
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Fig. 6. Molar specific heat of ODC-PC phases (upper curves) and mono-
clinic crystalline phases of pure ethanol. Different (almost indistinguishable)
shown solid curves (ODC-PC) and symbols (crystal) correspond to different
experimental runs. Measurements were conducted by heating at approximately
+1Kmin~!. Different shown ODC phases were obtained after cooling rates
between —2 and —6 K min—1. Big circles are adiabatic data from the literature
[10] for the corresponding phases.

using heating rates around 1 K min—1), following the procedure
described at the end of Section 2.2. All measurements shown
in Figs. 2-6 have been performed using the smaller and thinner
kind of copper cell (see Fig. 1), which is especially appropriate
for lower temperatures. Nevertheless, calorimetric experiments
at temperatures above 77 K have also been successfully con-
ducted with the larger cylindrical cells, made of either copper or
aluminium. Experiments with these cells have been reported for
ethanol [11], alkyl-cyclohexanes [15], and ionic liquids [16].
A fair agreement of data obtained with both types of calori-
metric cells, using the adiabatic method, can be seen in Fig.
2 of Ref. [11]. However, to calorimetrically study molecular
glass-forming liquids in this temperature range, our adapted
continuous method seems to be the most accurate and advanta-
geous. Its reproducibility and precision can be assessed in Fig. 6,
where different experimental runs taken in different days, with
(slightly) different conditions, provide almost indistinguishable
results in absolute terms (see more of these reproducible C,(7)
curves in Figs. 3 and 4 of Ref. [14]). Furthermore, our molar
specific-heat data are in excellent agreement with earlier data
from the literature [10], that were obtained with the standard
adiabatic method.

4. Conclusions

We have presented a versatile experimental program for
calorimetric measurements. It allows to tune adiabatic or con-
tinuous methods to monitor and characterize phase transitions at
higher temperatures, and also two alternative thermal-relaxation
methods for low-temperature specific-heat measurements, the
latter depending on the value of the time constant which usu-
ally increases with temperature. Calorimetric set-ups especially
developed for studying molecular glass-forming liquids have
also been briefly described. A sample of experiments conducted
with this calorimetric program on different phases of ethanol,
both in liquid-helium and liquid-nitrogen cryogenic environ-
ments, have been shown. In the present article, special emphasis
has been put on describing the different calorimetric methods
available within it (some better known and more often used, other
relatively new adaptations), as well as the accuracy and repro-
ducibility achieved. This accuracy is nonetheless compatible
with a convenient, reasonably fast (up to a few K min—1) perfor-
mance to study in sifu the phase transitions of the same substance
and cell which is to be measured at very low temperatures.
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