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INJECTION EFFECT ON THE SENSITIVITY IN AN ISOTHERMAL
TITRATION CALORIMETER’

M. Rodriguez de Rivera” and F. Socorro

Departamento Fisica, Universidad de Las Palmas, 35017 Las Palmas de Gran Canaria, Spain

By using electrical calibrations and with the injection of liquids with very different heating capacities (water and cyclohexane), it is
made a thorough evaluation of the ‘injection effect’ in terms of the parameter pc, f (pc, — volumetric heat capacity, /' — injection
flow) in an isothermal titration calorimeter. This effect can be evaluated accurately in the case of non-volatile liquids, however,

when dealing with volatile liquids, the uncertainty in their determination increases because of the vaporization heat.
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Introduction

Isothermal titration microcalorimeters (ITC) are utilized
to study solid—liquid and liquid-liquid processes
(enthalpies of solution, enthalpies of dilution, enthalpies
of reaction in solution, enthalpies of mixing, etc.). In
general, by using these instruments, it is determined the
total energy developed in the process being studied.
These instruments also allow to determine the power de-
veloped at every time in the processes of liquid mixtures
provided that it has a controlled liquid injection system
and an adequate stirring system that assures a homoge-
neous mixture at every time [1, 2].
The calibration of conduction calorimeters is al-
ways a problem to solve that has to establish the mar-
gin of validity of the calibration carried out; in prac-
tice, the calibration of ITC is accomplished by using
reference mixtures [3]; in this chemical calibration, it
is included, without a differentiated study, the
microeffects that could take place in the instrument.
The accuracy of the energy results depends on
the consideration of all those aspects that could affect
the previous working hypothesis; in previous works,
it has been enumerated and described some aspects
that could alter the final energetic result; for the case
of calorimeters with heat conduction, isothermal, with
continuous injection and variable mass, (isothermal
titration calorimeter) it is possible to point out the fol-
lowing aspects [4—7]:
¢ Increase of the main time constant when increasing
the mass of the mixture cell and as a consequence of
the heating capacity of the content in the mixture cell.

+ Variation of the sensitivity due to the increase of
the liquid level in the laboratory cell. This variation
can be significative in some cases.

« Effect produced by the liquid injection that is at the
thermostat temperature on the mixture area which
is at a different temperature.

+ Variation of the baseline due to the modification of
the thermal coupling between the mixture area and
the thermostat through the stirrer.

These effects and others, which could appear due
to the inherent characteristics of the manufactured
calorimeter, must be analyzed in the initial calibra-
tion. In this paper, special attention is paid to the third
enumerated aspect. For this reason, it is made a thor-
ough study of the effect produced by the injection us-
ing two liquids with very different heating capacities:
water and cyclohexane, and carrying out electrical
calibrations by dissipating different powers.

The aim of every measuring instrument is to
measure with the minimum error. This study intends
to evaluate the order of power magnitude due to this
effect in terms of the injection flow and the heating
capacity of the injected liquid. Once this effect has
been evaluated, it will be able to correct it and to de-
termine, with the minimum error, the energies or
powers developed in the energy process under study.

Experimental

The instrument used in this study is an isothermal heat
conduction calorimeter TAM2277-204/2250 by Ther-
mometric. The calorimetric signal or curve is directly
read by a digital multimeter HP3457A (10 nV resolu-
tion). The Joule calibration is carried out through a re-
sistance of 50 Q placed in the base of a cell and the
feeding is done through a programmable source
HP6633A; the dissipated power is determined at ev-
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ery time by measuring the tension in the terminals of a
standard 10 Q resistance located in series with the
Joule calibration resistance, this voltage is measured
with a multimeter HP3478A (100 nV resolution). The
injection system allows to inject, step by step,
0.0832 pL per step of the motor, which, through a
micrometric screw moves a billet that pushes the pis-
ton of a Hamilton syringe of 50 mL; programming the
number of steps of the motor at every sampling period
(A?) we obtain the injection flow; in this case, the in-
jection flows used have been: 0.5, 1.0, 1.5 and
2.0 uL s' (Ar=1.0 s). All the described elements are
connected to a PC through the GPIB bus.

In order to assure that the injected liquid ac-
quires the thermostat temperature, it has been dis-
posed a coil previous to the mixture cell, the coil ca-
pacity is 1.5 cm®. The stirring system (120 rpm) as-
sures a homogeneous mixture at every time.

To study the injection effect, electrical calibra-
tions have been carried out by inserting in the system
a Heaviside signal of different powers (10.5, 22.2 and
45.3 mW) and when the output reaches the stationary
state, it is injected 1.5 cm® of liquid on initial 1 cm® of
the same liquid, with different velocities; the chosen
liquids for this study have very different heating ca-
pacities: water (c,=4.18 J K™ cm™) and cyclohexane
(cp=1.43] K ™' cm™). Figure 1 shows three curves cor-
responding to every dissipated power and for the case
of injecting water on water with a flow of 1.5 uL s .
Figures 2 and 3 show an extension of the injection
zones for the cases of injecting water (Fig. 2) and cyc-
lohexane (Fig. 3). The injection flows used are: 2.0,
1.5,1.0and 0.5 uL s .

Results and discussion

In order to understand the performance of every mea-
suring instrument, it is necessary to model it. As in
this case we want to study how the sensitivity of a cal-
orimeter is affected by the liquid injection, we assimi-
late the calorimeter to a linear input-output system,
where the input is the developed power and the output
or curve the one given by the thermopiles detector
system. With this hypothesis, the sensitivity can be
defined as the output value in stationary state to a
Heaviside input (unitary step). That is to say, the sen-
sitivity will be given by S=y/W, where y is the re-
sponse to the stationary state and W is the constant
power that is being dissipated. When there is injec-
tion, we obtain a new sensitivity S'=y"/W, and the ef-
fect produced by the injection can be quantified in
Ay=y—y'" (Fig. 2). The relative variation of the sensi-
tivity will be AS/S=Ay/y. The experimental measures
show how the experimental response is affected by
the injection (Figs 1-3).
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Fig. 1 Curves corresponding to Joule dissipations of different
powers (45.3,22.2 and 10.5 mW). During the dissipa-
tion, 1.5 cm® of water was injected to 1 cm® of water.
The injection flow rate was of 1.5 uL s™'
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Fig. 2 Extension of the injection zone of the curves correspond-
ing to a Joule dissipation of 22.2 mW (Fig. 1). During
the Joule dissipation, 1.5 cm® of water was injected to
1 cm® of water with different flow rates: 1.5, 1.0 and
0.5uL s™'. The injection effect is quantified by Ay
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Fig. 3 Extension of the injection zone of the curves corre-
sponding to a Joule dissipation of 22.2 mW (Fig. 1).
During the Joule dissipation, 1.5 cm® of cyclohexane
was injected to 1 cm® of cyclohexane with different in-
jection flow rates: 2.0, 1.5, 1.0 and 0.5 uL s™
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Fig. 4 Injection effect on the sensitivity vs. pc, f(pc, — volumetric
heat capacity, f— injection flow). 100Ay/y — percentage of
the relative variation of the sensitivity. A — in case of in-
jecting water, o — in case of injecting cyclohexane

It is known that the power due to the liquid injec-
tion is proportional to pc, fAT, where pc, is the volu-
metric heat capacity, f'is the injection flow and AT is
the difference between the temperatures of the in-
jected liquid (7,) and the mixture zone (7},). If we
suppose that the experimental output is also propor-
tional to this difference in temperatures A7 (the
thermopiles are located between the thermostat and
the sample), we can say that Ay/y is proportional to
pcyf- In order to check it, it has been carried out the
experimental measures described in the previous sec-
tion. A summary of all obtained experimental results
is shown in Fig. 4, in which it is represented the rela-
tive variation of the sensitivity in terms of pc, f.

In Fig. 4, it is observed a clear proportionality
between the relative variation of the sensitivity and
the parameter pc, f. Besides, the experimental results
show that this injection effect is independent of the
power which is being dissipated and only depends on
pcyf. It is also observed a greater dispersion in the
evaluation of this effect in the case of being injecting
cyclohexane, we interpret that this is due to the vapor-
ization heat of the liquid, effect which has not been
taken into account in the previous reasoning.
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Conclusions

As conclusions of this paper, we indicate the follow-

ing ones:

+ The injection effect can be quantified in a relative
variation of the sensitivity. This relative variation is
proportional to pc, f where pc, is volumetric heat ca-
pacity and fis the injection flow. This will be certain
if all the injected liquid has acquired the thermostat
temperature before entering in the mixture zone.

 This effect is independent of the developed power,
provided that the developed power does not affect
in a significant way the temperature control of the
calorimeter; that is to say, if the developed power is
within the working domain of the calorimeter.

+ This effect can be evaluated accurately if we deal
with non volatile liquids, in the case of volatile lig-
uids, the uncertainty of measurement increases due
to their vaporization heat.
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