
The study of the amorphous content of pharmaceutical
materials has been of great interest for many years.
However, it has often been difficult to quantify very
low levels of amorphous content using differential
scanning calorimetry (DSC) because of the small
energy changes associated with the measurement of the
glass transition (Tg) at these low levels. As a conse-
quence, other techniques have been preferred for this
measurement, such as moisture sorption and solution
calorimetry. The disadvantage of these techniques is
their time-consuming nature.1

Recently, a DSC technique has been shown to give
greatly increased sensitivity of DSC measurement.
HyperDSC™ (PerkinElmer, Shelton, CT) allows the
clear characterization of weak transitions such as the Tg
of the type found in materials of low amorphous con-
tent. Examples of this type of analysis on glass transi-
tions can be found in the work of Pijpers and Mathot.2

In addition, because of the very fast scan rates used in
HyperDSC, analyses are made in very short time peri-
ods, often less than 30 sec. The ability to measure these
difficult transitions in a very short time gives significant
benefits to the pharmaceutical and polymer industries.

The following study shows one of the capabilities of
the technique brought about by the increase in sensi-
tivity. Other applications include the study of polymor-
phism and recrystallization processes.3

Method description
The technique of DSC has been in use for many years
for the characterization of materials properties. In a
conventional DSC experiment, the amount of energy

(heat) absorbed or released by a sample is measured as
it is heated, cooled, or held at a constant temperature.
DSC also performs precise temperature measurements.

The HyperDSC method for materials characterization
provides the ability to make measurements of the ther-
mal properties of a sample at very fast scanning rates.
The fast heating and cooling rates associated with the
method, from 200 °C/min to as fast as 500 °C/min,
lead to a much increased heat flow signal and therefore
dramatically increased sensitivity. The increased sensi-
tivity is derived from the basic principle of the DSC
measurement: DSC output is measured in mW (J/sec).
As a DSC experiment is accelerated in the HyperDSC
method, the same heat flow occurs over a shorter time
frame and therefore the thermal event becomes larger.
This allows extremely low-energy transitions to be
identified and measured with ease.

With the technique, sample changes that can occur
during slow heating when using conventional DSC
scan rates can be eliminated or reduced. These events
include recrystallization during melting, decomposition
after melting, or possible structural changes. An identi-
fication of the sample in the “as received” state is possi-
ble using the method. In the time frame of the scan, the
sample does not have the time to undergo any structural
changes, and the material analyzed is therefore in the
form in which it was presented to the instrument.
Examples of this type of analysis on thermoplastics can
be found in the work of Pijpers and Mathot.2

There are several other important benefits that are real-
ized when using the technique. Its greater sensitivity
allows the measurement of much smaller samples, down
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to a few micrograms. This is beneficial when only a small
quantity of sample is available, as during new product
development or production ramp-up. The fast measur-
ing rates allow users to increase sample throughput from
the handful of samples often analyzed by traditional
DSC to 100 or more runs per day using automated DSC
systems that can apply the HyperDSC methods.

Instrumentation/methodology and
technique practicalities
To achieve the fast scanning rates used in the method,
ultralow-mass furnaces and small dimensions (Figure 1) 
are required to ensure the system is under control when
making measurements at rates in the range of 200–500 °C/
min. A power compensation DSC, such as the Diamond
DSC (PerkinElmer), is the
only system able to provide all
of these features and to demon-
strate this technique in practice.

To obtain the most data from
HyperDSC, the analyzer
should have the ability to
collect and measure data very
quickly at the beginning of
the scan by having small
thermal transients, preferably
of 12 sec or less. This means
that it will quickly collect
meaningful data without having to start at very low
temperatures.

Because of the large heat flows of transitions that are
associated with fast scan rates, it is vital that a large
dynamic range is available during the measurements. It
is possible that unless the instrument chosen allows a
wide dynamic range, the analyzer signal may be
swamped by the size of the transitions, which may be
over 150 mW in size.

The following study was carried out using a Diamond
DSC fitted with an Intracooler IIp (PerkinElmer) cool-
ing system. The analyzer used a helium purge gas with a
rate of flow of 30 mL/min, and 50-µL aluminum pans with
pin holes were used for the entire study. The DSC was cal-

ibrated for temperature and heat flow at individual scan
rates used in the study with reference materials having
transitions in the range of interest. This is exactly the
same procedure that would be used for conventional slow
DSC scan rates.

Study of the Tg exhibited by mixtures of
spray-dried lactose
There has been great interest over the years in the
study of the Tg of amorphous lactose. Lactose is a very
important excipient for pharmaceuticals and is used
widely as a diluent in the formulation of tablets as
well as being used as a carrier in dry powder inhala-
tion (DPI) products.4,5 It is because of its wide use as
an excipient that information about the form in

which it is manufactured is
critical.  Changes in its
structural form can lead to
changes in the characteris-
tics and performance of a
formulation, e.g., agglomer-
ation within the powder of a
DPI. This is an example of a
case in which the recrystal-
lization from small domains
of amorphous material can
cause a major effect on the
performance of a pharma-
cuetical. There are many
examples in the literature

where instability in the physical structure of the
active pharmaceutical ingredient leads to changes in
bioavailability.1

HyperDSC was selected as the tool to determine the
amorphous content because of the speed and sensitiv-
ity of the technique. Two samples of lactose were used
for the study. The first sample was a spray-dried lactose
that approached 100% amorphous content as deter-
mined by solution calorimetry, DSC, and thermogravi-
metric analysis (TGA),6 and the second was a fully
crystalline sample of the α-lactose monohydrate.

Figure 2 shows the effect of analyzing the spray-dried sam-
ple of lactose by conventional and HyperDSC methods.

Figure 1 Small-power-compensation furnace compared to
the larger heat-flux furnace behind it.



Conventional DSC is represented by the data col-
lected with scan rates of 20 °C/min and 100 °C/min,
and the HyperDSC data are collected at scan rates of
250, 400, and 500 °C/min. All of the scans were per-
formed on the same analyzer.

The Tg of lactose is normally seen in the temperature
range of 100–120 °C and is difficult to identify using
conventional DSC scan rates. However, the increased
sensitivity that comes from using HyperDSC allows the
identification and quantification of the Tg event. After
examining the data, it was seen that the Tg of the lac-
tose was in the temperature range of 80–100 °C. This
lower Tg temperature was believed to be caused by the
plasticization of the lactose by water, which is not
lost during the fast scan. After the glass transition,
an exotherm associated with recrystallization is
observed, and this is followed by two melting events.
The two peaks are associated with the two forms of
lactose that recrystallize from the post-Tg material.
The first peak is the melting of anhydrous α lactose,
and the second peak is associated with β lactose.

It is also worth noting that recrystallization of the
sample still occurs even at 500 °C/min and there is
no loss of resolution of the melting of the two forms
of crystalline lactose. The melting profiles of the two
forms of lactose show a relationship between the re-
crystalline kinetics and the heating rate. Taking note
of the differences in the melting enthalpies, it ap-
pears that the relative amount of the lower melting
form, anhydrous α lactose, increases when the heating
rate is raised. Consequently, the relative amount of the
higher melting form, β lactose, that recrystallizes post-Tg is
reduced at the higher scan rates.

Examination of mixture of spray-dried
lactose and αα-lactose monohydrate
In order to test the sensitivity of HyperDSC for low
amorphous content, a series of samples were pre-
pared by mixing a known percentage of spray-dried
lactose into a sample of α-lactose monohydrate. A
range of percentages were chosen from 100% spray-
dried lactose down to 1.5% spray-dried lactose
mixed into α-lactose monohydrate.

Separately, a sample of 1% amorphous content lactose was
obtained from PharMaterials (London, U.K.). This inde-
pendent sample had been found to contain 1% amorphous
content by a solution calorimetry method, and is typical of
the samples received for analysis in the industry.

In order to be able to analyze the Tg of the very low per-
centages of spray-dried lactose, a HyperDSC rate of
500 °C/min was chosen. This rate was found to show
the largest Tg on the spray-dried lactose and was there-
fore used in these analyses. Figure 3 shows the Tg region
for the samples prepared.

The step height change of the Tg was measured from the
onset to the maximum height for the sample, giving an

Figure 2 Thermogram showing the analysis of spray-dried lactose at
a variety of heating rates.

Figure 3 Thermogram showing the analysis of the Tg of mixtures of spray-
dried lactose.
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indication of the change
of the specific heat of
transition for the Tg.

This procedure was car-
ried out for all of the sam-
ples. It was found that
there is a linear relation-
ship between Tg height
and percentage amor-
phous content, as shown
in Figure 4. The data in
Figure 4 show the poten-
tial for the development
of a methodology for quantitatively measuring very low
amorphous content using HyperDSC, and for the case
of lactose this has been shown for levels lower than
1.5%. The sample of 1% amorphous content analyzed
under the same conditions showed a clear Tg and veri-
fied the sensitivity of the technique.

Conclusion
This study demonstrates the ability of HyperDSC to
measure very low amorphous content in this system
down to levels better than 1.5%, a lower level of de-
tection than was previously possible using conven-
tional scan rate DSC methods. In addition to provid-
ing the high sensitivity required to make these
measurements, the technique also provides a major
time savings over other methods, with average sample
analysis on the order of 30 sec.

HyperDSC has many benefits for pharmaceutical and
polymer research laboratories because it can offer the

ability to rapidly screen
samples with minimal sam-
ple preparation while mea-
suring very low levels of
amorphous material.
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Figure 4 Step height of the lactose Tg as a function of the amorphous
content.
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