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Abstract

Although, pressure perturbation calorimetry has been applied to a novel problem by Kujawa and Winnik [Macromolecules
34 (2001) 4130], their failure to appreciate earlier work on this method led to instrumental and methodological errors of
unknown magnitude discussed in this note. The design and operation of the commercial instrument used by Kujawa and
Winnik is shown to be flawed.
© 2002 Elsevier Science B.V. All rights reserved.
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1. Introduction

In a recent study on poly(N-isopropylacrylamide)
+ water (or D2O), Kujawa and Winnik [1] used
a technique which they call pressure perturbation
calorimetry (PPC). The technique is based on mea-
suring the heat exchanged at constant temperature
between the calorimetric vessel and the thermostat
resulting from a pressure change above a polymer
solution contained in the vessel. On the basis of such
measurements performed at different temperatures
and the Maxwell relation, (∂S/∂p)T = −(∂V/∂T)p,
the isobaric coefficient of thermal expansion (αp) and
its temperature and pressure derivatives can be deter-
mined. Existing literature shows this method[2–17]
has been known for more than 30 years. Moreover, it
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has been applied in investigations of various systems
and substances, including polymers[18] and solutions
[19–21]. Kujawa and Winnik[1] imply the technique
is new by not giving any references to the extensive
literature on the subject. Moreover, the manufacturer
of the instrument claims their technique has recently
been patented[22]. The method was first calledthe
piezothermal technique [4,5] by the Ter Minassian
group, later with incorporation of automatic pressure
control (both for step-wise and continuous linear
variations)[14] it was calledpressure-scanning [6] or
pressure-controlled calorimetry [8], when it became
possible[15,16] to measure simultaneously the me-
chanical derivative of a process or a change it became
known asscanning transitiometry [17,23,24].

Kujawa and Winnik and the manufacturer of their
instrument apparently failed to appreciate some of
the subtleties of the method, thus leading to errors of
unknown magnitude. The purpose of this note is to

0040-6031/03/$ – see front matter © 2002 Elsevier Science B.V. All rights reserved.
PII: S0040-6031(02)00366-0



76 S.L. Randzio / Thermochimica Acta 398 (2003) 75–80

discuss the methodological errors in the paper under
discussion[1].

2. Significance of the calorimetric signal

2.1. In a homogeneous phase

The heat effect dQcal recorded by the calorimetric
signal is always proportional to the massm of the sub-
stance contained in the calorimetric vessel and reacted
or submitted to a thermodynamic change of state:
dQcal = m dQm, whereQm is the molar heat of reac-
tion or of the change under investigation. The massm
is of crucial importance in calorimetric experiments,
in which the change in the thermodynamic state of the
substance under investigation is induced by pressure
variation. The manner by which the pressure variation
is transmitted to the investigated substance affects the
thermodynamic significance of the calorimetric signal
recorded.Fig. 1 presents two limiting situations, one
in which the pressure is transmitted through the inves-
tigated substance itself and the other where the pres-
sure is transmitted directly through a piston placed in
the calorimetric vessel[25]. The technique used by
Kujawa and Winnik is an example of the first situ-
ation. When the pressure is transmitted through the

Fig. 1. Modeling of constant volume (open mass) and of constant mass calorimetric pressure vessels.

substance under investigation, the active internal vol-
ume Vcal of the calorimetric vessel is approximately
constant. In such an experiment the mass contained
in the active part of the calorimetric vessel changes
with pressure and is equal to the ratioVcal/Vm, where
Vm is the molar volume of the investigated substance.
Due to compressibility,Vm varies with pressure. As
the equations given inFig. 1show, the amount of heat

Qcal exchanged between the calorimetric vessel and
the thermostat due to a pressure change
p (or the
thermal power dQcal/dt induced by a linear pressure
variation at a rate (b) is proportional to the isobaric
coefficient of thermal expansionαp of the substance
under investigation. This property has been used in
numerous investigations of various liquids and liquid
solutions by different authors over wide ranges of both
pressure and temperature[9,19–21,25,26]. Contrary to
this, Eq. (4) in the paper[1] under consideration as-
sumes both the molar volumeVm andαp are invari-
ant with pressure.V is also incorrectly defined as “the
volume of the system”.

To make the significance of the pressure pertur-
bation calorimetric signal completely clear, a con-
stant mass configuration of the calorimetric vessel is
also analyzed. Such a situation is modeled inFig. 1
where a piston placed in the calorimetric vessel exerts
pressure on the sample. The sample mass remains
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constant during pressure action and thus both
Qcal
and dQcal/dt are proportional to (∂Vm/∂T )p, so, in or-
der to determineαp one must know the molar volume
Vm(p, T ) of the sample.

In practice, placing a piston in the calorimetric ves-
sel would cause a large heat effect from friction. For
this reason mixed techniques are often used. For ex-
ample a given mass of sample is placed in a flex-
ible closed ampoule and the pressure is transmitted
through a hydraulic fluid. In another configuration, a
given amount of sample is placed in the calorimetric
vessel over a non-miscible/non-reacting liquid (for ex-
ample mercury) which transmits the pressure. In such
mixed techniques the calorimetric signal is a sum of a
constant mass contribution from the investigated sub-
stance and of a constant volume contribution from the
pressurizing liquid present in the remaining part of the
active volumeVcal. This case is described byEq. (1)
for the continuous pressure-scanning mode[18]:

dQcal

dt
= −bT [αp,sVm,s + αp,h(Vcal − msVm,s)] (1)

wherems, αp,s, Vm,s are respectively the mass, coef-
ficient of thermal expansion and specific (or molar)
volume of the investigated sample,αp,h is the coef-
ficient of thermal expansion of the pressure transmit-
ting fluid. A similar equation can be easily derived for
the step-wise pressure-scanning mode by integration
of Eq. (1).

It is important to notice that in temperature-scanning
calorimetric experiments one must always balance the
heat capacities of the calorimetric vessel and contents
between the measuring and reference cells, while in
pressure-scanning experiments the volume must be
balanced in all analyses of data. Contrary to the above
analysis, Kujawa and Winnik do not define the lim-
its of their thermal system.V in Eq. (4)in their paper
is incorrectly defined as “the volume of the system”.
They do not distinguish between the molar (or spe-
cific) volume of the investigated sample and the vol-
ume in which it is confined.

2.2. With a phase change

The analysis of pressure-scanning calorimetric data
obtained in investigations of phase transitions, such
as in the study of Kujawa and Winnik[1], must
take into consideration the fact that in the course

of the transition at least three domains are present
in the calorimetric vessel: the pre-transition phase;
the post-transition phase; and the interface; which is
the domain of the transition itself[8,17]. The contri-
bution to the calorimetric signal from the interface
depends on the order of the transition. In first order
transitions (∂Vm/∂T )p andαp are discontinuous, and
it is erroneous to write that one can derive the co-
efficient of thermal expansion at the transition from
pressure-scanning calorimetric data. Also, in the
study [1] under discussion, differential mounting of
the calorimetric vessels with respect to the action of
pressure was done to eliminate the contribution from
the solvent, so that only the contribution from the
solute would be recorded. But this can only be done
reliably if the active volumesVcal of measuring and
reference vessels are exactly equal and a proper bal-
ance of volumes is made, neither of which condition
was verified in the study in question. In their paper,
Kujawa and Winnik state that the cell volumes are
identical, but that does not mean that the active cell
volumes are equal.

3. Contribution from the calorimetric vessel

Reference[1] presents an example of the calorimet-
ric response to pressure variations in theirFig. 2 (re-
produced here asFig. 2a), but does not discuss these
curves. The first peak that appears after the pressure
change (negative on compression and positive on de-
compression) is caused by asymmetry between the
measuring and reference vessels[13]. When an in-
crease of pressure dpis applied inside a cylinder of
internal volumeVcal, the volume of the wall of the
cylinder Vw will increase by an amount that can be
approximated by[27]:

dVw = VcalκT ,w dp (2)

whereκT ,w is the isothermal coefficient of compress-
ibility of the material from which the calorimetric
vessel is made. When introducingEq. (1) into the
Maxwell relation (∂S/∂V)T = (∂p/∂T)V = αp/κT ,
Eq. (3) is obtained:

dQw = VcalT αp,w dp (3)

Thus, in the constant volume vessel (seeFig. 1) the
total heat effect recorded is the sum of two effects,
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Fig. 2. Calorimetric responses to various methods of a step-wise pressure variation: (a) by a fast valve opening[1]; (b) by a hand pump
action [5]; (c) by a feedback control action[20].
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one from the sample (exothermic with positiveαp)
and one from the vessel (endothermic):

dQ = VcalT αp,w dp − VcalT αp dp (4)

If the pressure variation is fast (as it is in the study
under discussion[1]) and there is a phase change or
other reaction that requires a finite time, the vessel
responds faster than the sample and the two effects
are separated in time. The relative magnitudes of the
two terms is nearly independent of pressure or the
pressure change, so the contribution from the vessel is
not negligible at low pressures as assumed by Kujawa
and Winnik.

The fact that the calorimeter used by Kujawa and
Winnik has a lower detection limit (which in heat con-
duction calorimeters implies a longer time response)
than most calorimeters previously used with this
method also actually exacerbates rather than alleviates
this problem. The compression and decompression
in the experiments done by Kujawa and Winnik was
done rapidly compared to the time constant of the
calorimeter which makes the process adiabatic and
not isothermal as required by the Maxwell relation.
Thus, at least part of the recorded heat is described
incorrectly by the equations used to analyze the data.
Fig. 2bpresents an example where the pressure varia-
tion was realized with a hand pump, and the pressure
variation was a bit too fast. The data show only a
small peak from expansion of the vessel[5] similar
to that seen in the data of Kujawa and Winnik[1].
Fig. 2cgives an example[20] of a step-wise pressure
variation realized at a slow constant rate with a feed-
back pressure controller, and not as a result of a fast
valve opening[1] or of a hand pump action[5]. The
data inFig. 2cshow a unidirectional calorimetric re-
sponse. Such a form can be taken as a verification that
the proper thermodynamic conditions (i.e. very nearly
isothermal) existed during the pressure-scanning ex-
periment. It is also worth noting that, if the internal
volumes of the differential vessels are exactly equal,
the heat developed in the walls of the vessels (Eq. (2))
should also be exactly equal, but of opposite sign,
and thus should compensate exactly. The data given
in the paper[1] under discussion demonstrate that
the vessels are asymmetric and thus the differential
solvent correction is incorrect. The form of the calori-
metric response found by Kujawa and Winnik thus

calls into question the accuracy of variable pressure
data collected with the MicroCal VP-DSC.

In conclusion, Kujawa and Winnik[1] used an erro-
neous thermodynamic description of the calorimetric
response of their open (for mass transfer, but constant
volume) experimental vessels, performed pressure
variations under adiabatic rather than isothermal con-
ditions (as required by the Maxwell relation), and the
asymmetry of their vessels suggests the differential
correction is not accurate. To answer the question
of how much these problems influenced their results
would require much more detailed information on the
experiments than is given in the publication or in the
personal communication provided by the authors.

It is hoped that both the paper under discussion
and this note will contribute to a wider, but proper,
use of pressure-controlled calorimetry and of its more
developed forms such as scanning transitiometry in
furthering macromolecular science.
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