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A new era in hydrofluoric acid solution calorimetry: Reduction of
required sample size below ten milligrams

GUY L. HOVIS,1,* JACQUES ROUX,2 AND PASCAL RICHET3

1Department of Geology and Environmental Geosciences, Lafayette College, Easton, Pennsylvania 18042, U.S.A.
2CNRS-CRSCM, 1A, rue de la Ferollerie, 45071 Orleans Cedex 2, France

3Institut de Physique du Globe, 4, place Jussieu, 75005 Paris, France

ABSTRACT

Significant advances have been made in hydrofluoric acid solution calorimetry at La-
fayette College in the past 15 years. To determine the degree to which these developments
enable the reduction of sample size, calorimetric experiments were performed on hexagonal
germanium oxide as a function of sample weight. The resulting calorimetric data indicate
that the highest degrees of reproducibility (60.1%) are maintained down to sample sizes
of 50 mg, and that precisions of 61%, acceptable for many applications, are observed to
sample sizes of 10 mg. Because silicate systems produce weight-based heats of solution
that are about twice that of germanium oxide, the required sample size for these will be
even less. The new minimum required sample size of 5 to 25 mg (depending on applica-
tion) is about two orders of magnitude less than that used 20 or 30 years ago. This makes
possible many new kinds of projects for HF solution calorimetric investigation, including
those on high-pressure materials.

INTRODUCTION

Hydrofluoric acid (HF) solution calorimetry (see Wald-
baum and Robie 1971 or Robie and Hemingway 1972)
has long had the reputation of requiring large sample
sizes. Indeed, 20 to 30 years ago it was commonplace in
such work to use sample sizes of 750 to 1000 mg per
dissolution (e.g., Waldbaum and Robie 1971 or Hovis
1974). More than a decade ago, however, the emerging
availability of various kinds of electronic apparatus im-
proved calorimetric measurements. More recently, im-
proved digital voltmeters have further increased the pre-
cision with which (typically low) calorimetric voltages
can be measured. Although smaller sample sizes have
been employed for years on the Lafayette College calori-
metric system as a result of these enhancements, it is only
recently that we have tested our system in terms of how
these improvements relate to new limits on sample size.

HF SOLUTION CALORIMETRY AND

CALORIMETRIC APPARATUS

In principle a hydrofluoric acid solution calorimetric
experiment is simple. One dissolves a substance in HF
(our experiments normally use a 20.1 wt% solution) and
measures the temperature change that ensues. Then, by
measuring the heat capacity (given as energy/degree) of
the dissolution vessel (calorimeter), one associates the ob-
served temperature change with a corresponding energy
change. Knowing the weight of the sample dissolved, one
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converts this energy into energy per gram or energy per
mole: Voila, the heat (or enthalpy) of solution.

What makes high-precision calorimetry difficult is that
the temperature changes (DT) associated with dissolution
and with the determination of calorimetric heat capacity
(accomplished by heating the calorimeter electrically and
measuring the resulting temperature change) are normally
very small, so they must be measured with extreme pre-
cision. The smaller the sample, the smaller is the DT of
dissolution. Moreover, it is impossible to isolate the cal-
orimeter well enough to completely eliminate the ex-
change of heat with its environment, so one must be able
to rigorously correct the observed values of DT for such
exchange; this too requires highly precise temperature de-
terminations. Finally, even the best calorimetric measure-
ments are of little value if sample weight is not known
with a high degree of accuracy.

To minimize the energy exchanged between the calo-
rimeter and its environment, before the start of an exper-
iment, the calorimeter and its contents are heated to a
temperature close to (but just below) that at which dis-
solution is to occur (in our case, normally 50 8C). More-
over, the calorimeter is submerged in a medium (for our
system a water bath) whose temperature is held constant
near the intended dissolution temperature. (Note that
there is a distinction between the bath temperature, Tbath,
and the convergence temperature of the system, Tconvergence,
the temperature to which the calorimeter would drift at
infinite time; the small difference between the two is due
to the addition of heat to the calorimeter from stirring.)
In addition, the calorimeter is physically isolated from the


