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Extended-range high-perform-
ance liquid chromatography
(HPLC) has been investigat-

ed for many years for a broad range
of laboratory applications, but until
recently there has not been much
success. The problems resulted from
instrument and column limitations
that have now been overcome. The
new developments have resulted in
fully programmable ovens capable of
fast response times, columns that are
stable at elevated temperatures, and
the elimination of “thermal mis-
match” to reduce band broadening.
In some ways, the practice of temper-
ature programming for GC has been
applied to LC, but the similarities
end there. Temperature control of
LC instruments allows unique bene-
fits, while in GC it is one of the only
variables used to control separations.

The benefits of temperature-
programmed liquid chromatography
(TPLC) begin with an increase in
speed. Flatter van Deemter curves
allow operation at flow rates many
times optimal velocity without over-
pressurizing the HPLC system.
However, there are a host of other
benefits, such as increased efficien-
cy, lower plate heights, selectivity and
peak focusing, and polarity changes. Effi-
ciency is characterized by better resolution,
while increased diffusion rates provide
lower plate heights. At higher flow rates,
lower viscosity and backpressure permit
flow rates with smaller particle size pack-
ings. Furthermore, selectivity and peak
focusing are noticeable and demonstrable
phenomena when separations are carried
out under such conditions. Polarity changes
occur in reversed-phase solvents. As the
temperature increases, aqueous solvents

exhibit a less polar character. Often, this
allows programmed temperature gradients
to mimic solvent gradients.

These new temperature-programming
techniques thereby allow the development
of methods to replace the more tradition-
al solvent gradient methods of HPLC.
However, there are concerns among users
about the thermal stability of analytes at
higher temperatures, which are discussed
in the next section. Additionally, researchers
have found that the key to successful

extended-range HPLC is mobile-
phase preheating. Preheating helps
avoid thermal mismatch within
the column, which is important in
preventing uneven heating of the
solvent and the resulting variation
in viscosity. Finally, temperature
gradients have been successfully used
as a technique for separations that
were previously only done using a
solvent gradient.

Thermal Stability
Although researchers are anxious to
use TPLC because it affords short-
er analysis times and greater column
efficiencies than traditional HPLC
analysis, there is clearly a concern
about preventing thermal decom-
position of analytes when using
elevated temperatures. Dicumyl
peroxide (DCP), a dialkyl peroxide
known to thermally decompose,
was analyzed by TPLC to monitor
and assess the nature of its decom-
position at elevated temperatures.
DCP decomposes on heating to
produce free radicals, which react to
form acetophenone and methane.
These results can indicate how other
analytes will react when subjected
to the TPLC process.

In a series of experiments, a column
packed with Zirchrom PDB 100 × 4.6
mm, 3 µm, was used with a mobile phase
consisting of 40:60 acetonitrile:water. Then
2.5 µL of the sample was injected at differ-
ent flow rates (1.0, 2.0, and 4.0 mL/min)
and evaluated at different temperatures
(90, 110, 130, 150, and 170 °C).
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Figure 1. Chromatogram showing the HPLC analysis of dexameth-
asone, carbamazepine, and lansoprazole at temperatures from 40 to
100 °C.
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The results of these tests indicate that
under many conditions, DCP does not
decompose. Until an analysis tempera-
ture of 130 °C, no appreciable decompo-
sition was observed. At 170°C, the degra-
dation process was visible, with UV
detection showing that most of the DCP
had decomposed, especially at the lower
flow rates. The degree of decomposition
decreased as the flow rate increased, which
is consistent with the premise that time at
temperature is responsible for the extent
of the breakdown, that is, when the sample
is at a lower flow rate, it is subjected to the
temperature change for a longer period,
resulting in greater degradation. At 4.0
mL/min, only 55% of the dicumyl perox-
ide had decomposed at 170 °C, compared
with 94% at 1.0 mL/min. In addition, at
170 °C and 4.0 mL/min, approximately
6% breakdown occurred from the preheater
position to the column inlet, with the
balance taking place in the body of the
column. About a third of this value is caused
by the residence time in the tubing and
column at 170 °C and, thus, it is due to the
preheater. This was determined by meas-
uring the area of the acetophenone peak
formed at the beginning of the chro-
matogram.

In summary, until separa-
tions were conducted at 150 °C,
no significant decomposition 
of DCP was observed at 4.0
mL/min. Elution of the aceto-
phenone peak shows that the
analyte did not completely
decompose until 170 °C. Since
exposure of the analytes to high-
er temperatures occurs for a very
short time, especially at high
flow rates, the risk of decom-
position due to elevated temper-
atures is minimal. Only a small
percentage of the degradation
happened as a result of heating
the mobile phase with the
preheater. Since exposure to the
high temperatures used in
TPLC did not have a major effect on a
compound known to thermally decom-
pose, it was assumed that other analytes
would show similar durability under these
conditions.

This hypothesis was tested further in a
series of experiments on several active phar-
maceutical ingredients that are feared to
decompose at elevated temperatures. Three

compounds were selected for evaluation:
dexamethasone, carbamazepine, and
lansoprazole. Solutions of each were
prepared, and 5 µL of each was analyzed
by HPLC at temperatures ranging from

40 to 100 °C in 10° increments. A Seler-
ity Blaze C8 100 × 4.6 mm, 3 µm column
was used with a 50:50 acetonitrile:water
mobile phase flowing at 1.0 mL/min.

The HPLC system consisted of an
Alltech vacuum degasser, Knauser pump
and UV detector (254 nm), Alcott
autosampler, and Polaratherm Series 9000
Total Temperature Controller. The dexa-
methasone and carbamazepine showed no

loss of peak area, baseline rise, or poor peak
shape with increasing temperature (all
typical characteristics of thermal decom-
position), as seen in Figure 1. The lanso-
prazole showed a rise in the baseline and
a loss of peak area at 70 °C. This becomes
more pronounced at 80 °C. By 100 °C,
over half of the lansoprazole had decom-
posed (determined by peak area).

Although lansoprazole did show some
thermal decomposition, the dexametha-
sone and carbamezapine appeared to be
thermally stable to 100 °C. Decomposi-
tion is directly related to the resonance time
at high temperatures; therefore, many phar-
maceuticals can be analyzed at elevated
temperatures without concerns about ther-
mal degradation. However, some analytes
will thermally decompose, and this will
need to be considered when using TPLC.

The Need for Preheating
Researchers have also found that preheat-
ing is an important part of the process to
help avoid thermal mismatch. Preheating
appears to have only a minimal affect on
the degradation of the analytes while
providing important benefits by reducing
peak broadening and asymmetry. To date,
mobile-phase preheating has been
performed with varied lengths and diam-
eters of metal tubing in a heated zone lead-
ing to the column. The tubing length
requirements for adequate preheating can
be very specific at high mobile-phase flow
rates. When solvent that is not preheated
flows through a heated column, the pack-
ing in the center is cooled by the intro-
duced solvent. Solvent along the wall is

heated by the oven faster than
the interior solvent, making the
viscosity along the wall less
pronounced than at the center
of the column. The solvent
therefore moves faster along the
wall than at the center. The vari-
ation in the velocity of the
solvent results in a significant
broadening of the peak and loss
of resolution, a phenomenon
known as thermal mismatch.

The key to successful ex-
tended-range HPLC is mobile-
phase preheating, which con-
tributes to avoiding thermal
mismatch within the column
(see Figure 2). It has already
been noted that thermal

mismatch normally causing significant
peak broadening and asymmetry can be
avoided through preheating. To avoid
dead-volume-induced performance prob-
lems, preheating must, however, be carried
out with small volumes and should be
noninvasive. A preheating system that met
these requirements with feedback control
was used in the following experiments.

500

400

300

200

100

0

0 2 4 6 8
Minutes

mV

10 12 14

Morphine
Hydromorphone
Codeine
Methadone
Hydrocodone
Oxycodone
Diacetylmorphine

Figure 3. Separation of narcotics using a thermal gradient from 50 to 150 °C.

Figure 2. Columns without preheating produce
band-broadening due to cold solvent entering the
column, which results in misshaped peaks.
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Researchers are also finding that the
temperature gradient can be used by itself
without a solvent gradient, which avoids
the use of costly and dangerous
solvents. The separation shown
in Figure 3 demonstrates the
feasibility of utilizing high-
temperature HPLC with tem-
perature programming for a
sample of narcotics—an analy-
sis typically performed using a
solvent gradient. The separa-
tion was conducted using an
isocratic mobile phase (50:50
ace toni t r i l e : ammonium
acetate) at 1.0 mL/min, with
a Thermo Electron Hypercarb
column (100 ×4.6 mm, 7 µm);
the thermal gradient was held
at 50 °C for 2 min and then
ramped up to 150 °C at a rate of
30°/min (then held for 10 min).

The experiments demonstrated that
developments in temperature-programma-
ble instrumentation have enabled chro-

matographers to embrace extended temper-
ature as a means of enacting effective sepa-
rations. To utilize temperature as a serious

optimization tool, columns had to be
stable up to temperatures as high as 200 °C
to avoid degradation and allow routine

analyses performing a temperature-
programming technique.

These experiments also show that the
concern about the degradation
of the analytes does not appear
to be a roadblock to the use
of TPLC. It is clear that
preheating is an important
aspect of HPLC and leads to
more accurate results by elim-
inating thermal mismatch
within the column. 

In addition, the experi-
ments that use only tempera-
ture as the separation process
reduced organic solvent usage.
TPLC appears to be a viable
alternative to traditional
HPLC methods and, in many
cases, produces better results
by increasing productivity,
enhancing performance, and

decreasing analysis times.

Jody Clark is the vice president of sales and marketing for
Selerity Technologies. ◆

Flow rate, mL/min

Temperature, °C 1.0 2.0 4.0

90 100% 100% 100%

110 100% 99% 98%

130 88% 87% 98%

150 71% 77% 77%

170 6% 23% 45%

Table 1. Normalized Percent of Dicumyl 
Peroxide Remaining


