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LC TROUBLESHOOTING
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Liquid Chromatography at  
Room Temperature: When Should the Column 
Temperature Be Specified in a Method? 
In reversed-phase liquid chromatography, increasing the column temperature usually results in a decrease in analyte 
retention. Will this cause problems if a method does not call for control of the column temperature, but the room 
temperature of the laboratory environment changes?

Dwight R. Stoll

I n the early days of liquid chroma-
tography (LC), precise control of the 

column temperature was not a primary 
consideration in many instrument set-
ups. Unlike gas chromatography (GC), 
where the column temperature is the 
single most important experimental 
variable that dictates retention, in LC 
the column temperature has a smaller 
influence on retention compared 
to the mobile-phase composition 
(that is, the organic:aqueous ratio 
for reversed-phase and hydrophilic-
interaction chromatography [HILIC]
separations, or cation:anion con-
centration for charge-based separa-
tions). As the community’s knowledge 
about the effects of temperature on 
LC separations has increased, the 
need for accurate and precise control 
of column temperature has increas-
ingly been recognized. For example, 
we now know much more about the 
effects of column temperature on the 
retention of different analyte types 
(1), the importance of matching the 
temperature of mobile phase at the 
column inlet to the temperature of 
the column itself (2), and the effects 
of heat flow in columns on appar-
ent column efficiency (3). As a result, 
users generally pay attention to con-

trol of temperature in their LC instru-
ments (and the designs of instrument 
modules for doing so), and specify a 
particular temperature or temperature 
range when developing and validat-
ing a method. However, there are still 
many methods in use that have been 
developed for use at “room tempera-
ture,” where there is no provision for 
the LC instrument to control the col-
umn temperature, and in some cases 
no precise specification of what is 
meant by “room temperature” in the 
method. This leads to the obvious 
question: With such a method, can 
one reasonably expect to obtain the 
same separation in Anchorage, Alaska, 
as in Mumbai, India? In this install-
ment of “LC Troubleshooting,” I dis-
cuss some of the basics of the effect 
of temperature on retention in LC, and 
then discuss some experimental data 
that help us understand when some 
variation in room temperature might 
be okay, and when it might seriously 
affect the performance of a separation.

Basics of the Effect of  
Column Temperature on 
Retention in Reversed-Phase LC
In reversed-phase LC, the influence of 
temperature on retention is most com-

monly described using a Van ’t Hoff 
type of relationship, like that shown in 
equation 1: 

ln (k) = A + B * 1T
[1]

where k is analyte retention factor, 
and T is temperature (in K). The vari-
able A is a condition-specific param-
eter related to the entropy of transfer 
of the analyte from the mobile phase 
to the stationary phase and the phase 
ratio (the relationship of stationary 
phase volume to mobile phase vol-
ume), and B is related to the enthalpy 
of transfer of the analyte from the 
mobile phase to the stationary phase. 
Figure 1 shows experimental retention 
data for several neutral small mole-
cules obtained with a C18 column, an 
acetonitrile:water mobile phase, at dif-
ferent temperatures. The data follow a 
roughly linear trend, as predicted by 
equation 1. Recent work by the Weber 
group has examined a large body of 
experimental measurements of this 
type, and concluded that a non-linear 
version of equation 1 frequently pro-
duces a better fit of the data than a 
linear one (1). Other researchers have 
argued that the apparent linearity of 
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the data is more of a happy accident 
than a thermodynamic inevitability (4).

The slope of each line in Figure 1 
is related to the enthalpy of transfer 
of the analyte from the mobile to the 
stationary phase. For molecules that 
are chemically similar, the slopes are 
numerically similar, as shown by the 
data for toluene, ethylbenzene, and 
propylbenzene in Figure 1a. In a sep-
aration of a mixture of molecules like 
these, increasing the column temper-
ature will decrease retention, but the 
relative spacing of the peaks (that is, 
the selectivity) will not change much, 
because all of the peaks move in the 
same direction at about the same 
rate. However, for molecules with dif-
ferent functional groups, the slopes 
can be quite different, as shown in 
Figure 1b for the analytes p-nitroben-
zyl chloride and anisole. In a case like 

this, increasing column temperature 
will decrease retention for both ana-
lytes, but at different rates, such that 
selectivity and resolution will change. 
In extreme cases this can even lead to 
a reversal of elution order (5). Read-
ers interested in exploring these 
phenomena on their own can do so 
easily using our web-based simulator 
that allows the user to change mobile- 
phase composition and column tem-
perature, and observe the impact on 
retention and resolution (www.multi-
dlc.org/hplcsim). 

Let’s Look at Some 
Experimental Data
In preparation for writing this install-
ment of “LC Troubleshooting,” I cre-
ated a microenvironment for one of 
the LC instruments in my laboratory. I 
first disconnected the column from the 

flow path going through the column 
thermostat compartment we normally 
use to control the column tempera-
ture, such that the mobile phase flow 
went directly from the autosampler to 
the column, and then directly on to 
the detector. Then, I heated or cooled 
the microenvironment to simulate the 
impact of changing room temperature 
on my separation, and measured the 
ambient air temperature near the col-
umn inlet using a small thermocouple. 
Finally, I recorded the chromatograms 
for separations of a simple mixture of 
small molecules (one acid, one base, 
and two neutrals) at different “room 
temperatures” after equilibrating the 
system for about 30 min for each tem-
perature. Three of these chromato-
grams—recorded with “room tem-
peratures” of 24, 28, and 42 °C—are 
shown in Figure 2. The vertical dashed 
line is added as a visual aid, to help 
quantify the shift in retention that 
occurs as the temperature is increased. 
Although there is a shift that is discern-
ible by eye, it is instructive to plot the 
resulting data as a function of tem-
perature to more precisely understand 
the effect, particularly for changes in 
selectivity. Figure 3 shows the effect of 
temperature on the retention factors 
of all four probe compounds. In Figure 
3a, I have plotted the absolute values 
of the retention factors, and, in Figure 
3b, I have plotted the percent change 
in retention relative to average reten-
tion for each compound over the 
range of temperatures measured. As 
expected, the retention of all com-
pounds decreases as temperature 
increases, and here we have our first 
important point from this experiment. 
That changes in “room temperature” 
can definitely be enough to cause a 
change in retention on the order of 
2% for small molecules, even over a 
modest range of laboratory room tem-
peratures that might be experienced 
in the United States. The data point at 
42 °C is admittedly a bit extreme, but 
there are LC laboratories across the 
globe that do experience this type of 
extreme condition.
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FIGURE 1: Effect of changing column temperature (T ) on retention factor (k) for sev-
eral neutral small molecules obtained using a C18 column and mobile phase of 50/50 
(v/v) acetonitrile/water: (a) shows toluene, ethylbenzene, and propylbenzene, while (b) 
shows p-nitrobenzyl chloride and anisole. Dashed lines are linear regression lines. Data 
are from the PhD dissertation of Yun Mao (6).
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In Figure 3b, we see that the slopes 
of the trends (% change in k vs. T) are 
pretty similar, with the exception of 
nortriptyline, which exhibits a much 
steeper slope. As discussed earlier, 
if the retention of all compounds 
changed at the same rate in response 
to a change in temperature, this 
would not be too much of a problem 
for method implementation, because 
resolution would not be affected too 
much. However, it appears from Fig-
ure 3b that the rate of retention for 
nortriptyline is on the order of two-
fold higher than that of the other com-
pounds. By plotting the selectivity of 
the separation against temperature 
we can obtain a more precise view of 
these changes in relative retention. 
Figure 4a shows α values for several 
pairs of the probe compounds, and 
Figure 4b shows the percent changes 
in these values vs. temperature. Here 
we see that there is no obvious 
change in the selectivity of the sepa-
ration toward the neutral compounds 
(acetophenone and butyrophenone) 
as the temperature is increased from 
24 to 42 °C. Even the selectivity of the 
separation for butyrophenone and 
n-butylbenzoic acid does not change, 
despite the fact that these are chemi-
cally quite different molecules. Even 
though the acid is ionogenic, at pH 
3.2 it is mostly protonated and neu-
tral. On the other hand, we see that 
the selectivity of the separation 
toward nortriptyline changes substan-
tially over the range of temperature 
studied here. The alpha values for 
nortiptyline and butyrophenone (red 
circles) or butylbenzoic acid (blue cir-
cles) change by almost 5%.

Implications for Method 
Development and 
Implementation
So far, we have observed that a 
change in room temperature can have 
a significant effect on the selectivity 
of a reversed-phase separation for 
some, but not all, types of molecules. 
The practically important question, 
then, is: Under what circumstances 
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FIGURE 3: (a) Retention factor and (b) percent change in retention factor for the test 
compounds over the range of room temperatures tested (21–42 °C).
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FIGURE 2: Experimental chromatograms obtained for a test mixture at different room 
temperatures. The dashed vertical line is added to aid visual comparison of retention 
times. Conditions: Column, 50 mm x 4.6-mm i.d., Zorbax SB-C18 (5-µm); Flow rate, 1.0 
mL/min.; mobile phase, 40:60 (v/v) acetonitrile:ammonium formate in water (25 mM 
ammonium/ammonia, 105 mM formic acid:formate, pH 3.2); injection volume, 2 µL.  
Test compounds are 1) acetophenone, 2) nortriptyline, 3) butyrophenone, 4) n-butyl-
benzoic acid.
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do changes of this kind really mat-
ter? The molecules I chose for this 
study are well separated (Figure 2), 
and even a 5% change in selectivity 
is not enough to bring them close 
enough together that they are no 
longer separated. Obviously, this will 
not always be the case. For separa-
tions where two neighboring peaks 
are just barely resolved at one room 
temperature, changing to a different 
room temperature could have a big 
effect on the resolution of that pair. 
We can quantify this effect using the 
Purnell equation for resolution, shown 
in equation 2.

RS =
N
4
α-1
α

k
1+k

[2]

If we consider a situation with a 
plate number (N) of 15,000, a reten-
tion factor (k) of 5 for the later eluted 
of two peaks, and an α of 1.1, the 
resolution (RS) of the two peaks will 

be about 2.3. We can use equation 
2 to calculate the effect of a change 
in α on the resolution. Figure 5 shows 
how the resolution decreases as α 

decreases by up to 5% (that is, from 
1.1 down to 1.045). Whereas a reso-
lution of 2.3 corresponds to a nice 
separation where the valley between 
the peaks goes to baseline, at a reso-
lution of 1.1 there is significant peak 
overlap. This overlap can significantly 
compromise quantitative accuracy of 
the method, particularly when one of 
the members of the peak pair is pres-
ent at a concentration much higher 
than the other.

Summary
In this installment of “LC Trouble-
shooting,” we have examined the 
impact of a change in room tem-
perature on the performance of 
reversed-phase LC separations when 
the column temperature is not con-
trolled, such that the column takes 

on the temperature of the ambient 
room air. In most cases, an increase 
in temperature leads to a decrease in 
retention for reversed-phase separa-
tions. This will not affect resolution of 
neighboring peaks too much as long 
as the degree of shift in retention is 
similar for both peaks. However, this 
is not always the case, and signifi-
cant changes in the selectivity of the 
separation on the order of several 
percent can occur. These changes in 
selectivity can in turn lead to a sig-
nificant decrease (or increase) in the 
resolution of closely eluting peaks, on 
the order of 50%! Taken together, this 
means that:
1. Specifying what constitutes “room 

temperature” during the method 
development will help prevent prob-
lems during method implementa-
tion, particularly if the method will 
be deployed in different laboratory 
environments where actual room 
temperatures may be very different.

http://www.photonis.com
http://www.photonis.com
mailto:science@photonis.com
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2. During method development, the 
robustness of the method should 
be characterized to help under-
stand what the sensitivity of the 
method performance is to changes 
in column temperature.

3. Controlling the column tempera-
ture with some means of thermo-
statting can help avoid these prob-
lems altogether, albeit at the cost 
of adding an instrument module for 
this purpose.
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