molecules and the formation of bonds between the
solute and solvent molecules) and rearrangement of
bonds within the solvent to accommodate solute
molecules. The sorption of water by a powder is the
first stage of wetting, and this sorption of the first few
layers of water molecules on the surface is thought to
be responsible for the majority of the overall wetting
response. Amorphous lactose is able to sorb
substantial amounts of water and this would be
expected to alter the initial wetting (immersion)
response and thus change the net enthalpy of solution
value.

attributed to the higher levels of residual moisture
contained within them. It should be remembered,
however, that a proportion of the error in this low
amorphous content region could relate to weighing
and preparing a uniform mix containing such small
amounts of the amorphous material.

Figure 2 Average enthalpies of solution and their
standard deviations for samples stored under two
conditions: filled circle = under vacuum at 50oC; x =
desiccated over phosphorous pentoxide at 20oC. The
line represents the best fit for the vacuum-stored data,
with a correlation of R = 0.991.

Figure 1. Plot of temperature offset against time for a 5%
w/w amorphous lactose sample, with a stirring rate of
600 rpm. This trace shows the calibration sections of the
experiment, which occur before and after the ampoule is
broken, as well as the baseline periods, which aid
calculations to adjust for any heat lost to or gained from
the water bath, as well as the heat generated by the
stirrer. Following the breaking of the ampoule, a drop
in temperature is seen, implying that the response in this
case is endothermic

The enthalpies of solution were calculated for both
the vacuum-dried and desiccated partially amorphous
samples (figure 2).
A line of best fit was drawn based upon those
enthalpies calculated for the vacuum-dried samples.
To assess the limit for quantification, the range of
amorphous content that could be described by the
spread of the error bars on figure 2 was assessed.
Based upon these results the amorphous content of
samples stored desiccated was found to be accurate
to within 1.0 % w/w as opposed to 0.5 % w/w for
those stored under vacuum. The increased variability
in those results of the desiccated samples can be

The quantification limits calculated here for lactose
will not be the same for all materials, as the sensitivity
will depend upon the difference in enthalpy of solution
between the amorphous and the crystalline forms.
Obviously the larger the difference the greater the
sensitivity for quantification will be and vice versa.
Conclusions
Solution calorimetry provides a good method by which
to detect and quantify the amorphous composition of
materials of small degrees of disorder. In addition, it
has been shown capable of differentiating between
samples of different moisture content and providing
an indication of how moisture sorption contributes to
the thermodynamics of the solution process.

