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LC TROUBLESHOOTING
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Effects of Buffer Capacity in Reversed-Phase 
Liquid Chromatography, Part I: Relationship 
Between the Sample- and Mobile-Phase Buffers
What concentration of aqueous buffer should I use in the mobile phase when developing a reversed-phase LC method 
for the analysis of ionogenic compounds?

Dwight R. Stoll and Thomas J. Lauer

Mobile-phase pH is an important vari-
able in reversed-phase liquid chro-

matography (LC) methods that influences 
the retention of ionogenic compounds. 
For acidic analytes containing carbox-
ylic acid functional groups, buffering the 
mobile phase well below the acid pKa 
leads to much higher retention compared 
to conditions where the mobile phase is 
buffered well above the pKa, and the acid 
is deprotonated and more water soluble 
(and therefore more soluble in a water-
rich reversed-phase mobile phase). For 
amine-containing analytes, we observe 
the opposite behavior. In mobile phases 
buffered well above the pKa of cationic 
forms of the functional group (for exam-
ple, trimethylammonium ion), the amine 
is deprotonated and neutral. In this case, 
the analyte is less water soluble and more 
retained under reversed-phase conditions 
compared to a situation where the mobile 
phase is buffered at a pH well below the 
pKa where the amine is protonated, posi-
tively charged, and more water soluble. 
These varied responses of different func-
tional groups to mobile-phase pH can be 
used to great effect during method devel-
opment. Indeed, most modern systematic 
approaches to method development for 
samples containing ionogenic compounds 
begin with a set of prescribed methods 
that is intended to screen for the impact 

of mobile-phase pH on retention by using 
buffers at low- (about 2), mid- (about 7), 
and high- (about 10) pH.

Given the importance of mobile-phase 
buffers, much has been written about them 
in this “LC Troubleshooting” column over 
the years. A survey of John Dolan’s prior 
troubleshooting articles shows that buffer-
related topics have been some of the most 
frequently discussed over the years. For 
example, Bill Tindall authored a three-part 
series in 2002 focused on fundamental 
concepts important to understanding pH 
in non-aqueous buffers (1), buffer selec-
tion and capacity (2), and buffer prepara-
tion methods (3). Last year,  we discussed 
different approaches to buffer prepara-
tion in the laboratory, and the fact that 
some approaches lend themselves better 
to acquisition of highly repeatable reten-
tion data than others (4). In this installment 
of “LC Troubleshooting,” we return to the 
important topic of buffers, this time focus-
ing on what happens when there is a mis-
match between the mobile-phase buffer pH 
and the pH that the sample is buffered at.

When Does a Mismatch Between 
Sample- and Mobile-Phase pH Matter?
One might argue that, in a perfect world, an 
LC method would be developed with inti-
mate knowledge of the sample preparation 
method being used to prepare samples 

that will ultimately be analyzed using the 
LC method. In other words, the sample 
preparation step and the LC separation 
step would be developed in a dependent 
way such that they would definitely be 
compatible with one another. Here, we can 
speak about compatibility from a variety of 
perspectives, such as the organic content 
of the sample, the presence of surfactants, 
buffer type, and buffer pH. From the point 
of view of the LC method, the most straight-
forward situation is to complete the sample 
preparation step with a sample matrix that 
closely resembles the mobile phase used at 
the start of the LC method. However, this is 
not always practical. For example, particular 
analytes may not be stable in the sample for 
long periods of time in a matrix that is desir-
able for the LC method. In these cases, it is 
preferable to choose conditions that favor 
stability of the sample prior to the analysis. 
Moreover, it is common to see LC meth-
ods used for purposes quite different from 
the original intent of the method. In these 
cases, the sample matrices may be alto-
gether different from those used when the 
LC method was originally developed. And 
so these types of situations can easily result 
in conditions where the sample is buffered 
at a pH that is several units different from 
the LC mobile-phase pH, and it is helpful 
to understand if and when this might lead 
to problems. 
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Let’s Think This Through
It is instructive to think through the details 
of a scenario involving the injection of a 
sample buffered at a pH significantly dif-
ferent from that of the mobile phase. For 
the sake of simplifying the discussion, let 

us consider the injection of a sample buff-
ered with 10 mM NaOH into a mobile 
phase buffered with 10 mM HCl (and also 
not worry about activity effects, to keep 
the math simple; in this case, we would 
estimate the pH of the 10 mM HCl as 

2.0). Suppose we inject 1 µL of the NaOH 
sample into a 50 mm x 4.6-mm i.d. column, 
and the conditions are such that the con-
tents of the 1 µL sample plug mix with a 
total volume of 20 µL of mobile phase as 
it proceeds from the column inlet to the 
column outlet. Under these conditions, 
the mobile phase will effectively neutralize 
the injected sample. The sample contains 
about 1 x 10-8 moles of OH-, or about 10 
nanomoles. If we assume that this ulti-
mately mixes with 20 µL of mobile phase, 
then that portion of mobile phase carries 
about 200 nanomoles of H+. Of these 
200 nanomoles of H+, 10 nanomoles will 
be consumed by neutralization of the 10 
nanomoles of OH- to produce water, leav-
ing 190 nanomoles of H+ and a slightly 
higher pH of 2.02. This slight change in 
pH would not be enough to significantly 
change the selectivity of most reversed-
phase separations. However, one does 
not have to think about these details long 
before realizing that we can easily arrive at 
conditions where the pH change inside the 
column would be significant. For example, 
increasing the concentration of the buffer 
in the sample, or increasing the volume of 
sample that is injected, could easily lead 
to significant pH changes. Moreover, in 
these thought experiments we also quickly 
encounter questions that don’t have sim-
ple answers to; for example, what volume 
of mobile phase does the sample actu-
ally mix with? And, what happens in cases 
where the sample or the mobile phase are 
buffered with polyprotic buffering agents 
(for example, phosphates)? We will have 
more to say about these questions in 
future installments of “LC Troubleshoot-
ing.” For now, we think it is most instructive 
to look at some experimental data to get a 
sense for the kinds of problems we can run 
into in situations like this.

On to the Data
In previous work, we have used benzoic 
acid as a representative carboxylic acid to 
study the effects of pH mismatch between 
the two mobile phases used in the first and 
second dimensions of two-dimensional liq-
uid chromatography (2D-LC) separations 
(5). In the experiments discussed below, 
we have explored similar conditions, but 
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FIGURE 1: (a through i) Comparison of peak shapes for benzoic acid obtained with 
different injection volumes (colors), and across different levels of buffer concentration 
in the sample (left to right) and in the mobile phase (top to bottom). Chromatographic 
conditions: Column, 50 mm x 4.6-mm i.d. SB C18; Flow rate, 2 mL/min.; Temperature, 
40 °C; Mobile phase, 23:77 acetonitrile:buffer. Samples contained 13% acetonitrile, 87% 
buffer, and benzoic acid at a concentration of 20.7 µg/mL in each sample. The pH 3 
buffers were prepared using mixtures of phosphoric acid and monobasic potassium 
phosphate such that the formal phosphate concentration was 1, 15, or 100 mM (actual 
pH = 3.2). The pH 7 buffers were prepared using mixtures of monobasic potassium 
phosphate and dibasic potassium phosphate such that the formal phosphate concen-
tration was 1, 15, or 100 mM. 

Source: All buffer calculations were made using the PeakMaster suite (https://web.natur.cuni.cz/gas/
peakmaster.html), verified by glass pH electrode, and used without further pH adjustment.
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FIGURE 2: (a through i) Comparison of peak shapes for the neutral molecule benzyl alcohol 
across the same range of conditions shown in Figure 1. Given that benzyl alcohol is a neutral 
molecule unaffected by pH, these results serve as a control that show that the effects ob-
served in Figure 1 are due entirely to pH mismatch between the sample and mobile phase.
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in a way that addresses questions one 
might face in developing a conventional 
1D-LC reversed-phase method. Figure 1 
shows a series of chromatogram overlays 
for the analyte benzoic acid that help us 
understand the interplay between three 
variables: 1) injection volume (1 to 100 µL); 
2) sample buffer concentration (pH 7); and 
3) mobile-phase buffer concentration (pH 
3). The corresponding chromatograms 
for the neutral analyte benzyl alcohol are 
shown in Figure 2; these serve as a set 
of control experiments, as we would not 
expect this analyte to be affected by the 
buffer pH mismatch at all. In each of the 
nine sets of chromatogram overlays, the 
sample and mobile-phase buffer concen-
trations are fixed, and only the injection 
volume is varied. Moving from left to right 
within a row of panels, the mobile-phase 
buffer concentration is fixed, but the sam-
ple-phase buffer concentration increases. 
Finally, moving from bottom to top within 

each column, the sample buffer concentra-
tion is fixed, but the mobile phase buffer 
concentration increases. Looking at this 
array of results, we make three observa-
tions immediately. First, when a small vol-
ume of sample is injected (see inset plots 
in Figure 1 for 1 µL injections), good peak 
shapes are observed for benzoic acid for 
all combinations of sample- and mobile-
phase buffer concentration. Second, when 
the sample buffer concentration is very 
low relative to the mobile-phase buffer 
concentration (panel A in Figures 1 and 2), 
even rather large injections (100 µL is about 
20% of the dead volume of the column 
used here) produce nice peaks for both 
the neutral benzyl alcohol and the ben-
zoic acid. Finally, when the mobile phase 
is weakly buffered, poor peak shape can 
result for the acidic analyte if the injec-
tion volume is high, even if the sample 
is also weakly buffered (for example, see 
Figure 1g). In the cases of intermediate 

buffer concentration in one or both of the 
sample and mobile phase, decreasing 
retention and peak broadening observed 
for the benzoic acid (Figures 1b, c, d, e, g, 
and h). When the sample is heavily buff-
ered at the 100 mM buffer concentration, 
most of the benzoic acid elutes near the 
column dead time in the deprotonated 
(anionic) form (Figures 1f, i). Under all of 
these conditions the benzyl alcohol peak 
is unaffected, with good peak shape and 
consistent retention (Figure 2).

One potentially confounding factor 
in trying to rationalize these results is 
that the data in Figures 1 and 2 were 
collected using samples where the ana-
lyte concentration was held constant. 
Under these conditions, the peak area 
increases with increasing injection vol-
ume. Because the benzoic acid itself 
can affect the pH and buffer capacity of 
the sample, one could imagine that this 
could play a role in the results shown in 
Figure 1. An alternative way to do the 
experiment is to adjust the analyte con-
centration in the samples such that the 
same mass of analyte is injected at each 
injection volume. In this case, we would 
expect the peak area to be the same for 
a given analyte at each injection volume. 
The results of this type of experiment for 
one sample–mobile-phase buffer com-
bination (100 mM in both sample and 
mobile phase) are shown in Figure 3. 
Here we see that the peak area is con-
stant over the injection volumes from 1 
to 100 µL for both benzoic acid and ben-
zyl alcohol. However, for benzoic acid 
we see a decrease in peak height as 
injection volume is increased, because 
the peak becomes wider and wider. This 
result rules out the possibility that the 
benzoic acid itself affects the interplay 
between the sample- and mobile-phase 
buffers that lead to the poor peak 
shapes observed in Figure 1.

Closing Thoughts
In this installment of “LC Troubleshoot-
ing,” we have examined the effects of buf-
fer concentration and injection volume on 
peak shape for the ionogenic analyte ben-
zoic acid under reversed-phase conditions. 
We observe that, even over modest ranges 

FIGURE 3: Effect of injection volume on the peak shape of (a) benzoic acid or (b) benzyl 
alcohol in the case where the mass of analyte injected is constant across injection vol-
umes (1 µg). The sample was buffered at 100 mM phosphate (pH 7) and mobile phase at 
100 mM phosphate (pH 3). All other conditions were as in Figures 1 and 2.
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of the variables studied, the resulting peak shapes for benzoic acid 
range from excellent to disastrous and completely useless. Consider-
ing the interplay between injection volume and the buffer concentra-
tions in the sample and mobile phase is very important when buffer 
pHs of the sample and mobile phase are different enough to cause a 
change in the ionization state of the analyte. At this point, determin-
ing what combinations of variables lead to acceptable results is an 
empirical exercise and will depend on many other factors including 
the retentivity of the column and 
the hydrophobicity of the analyte. 
However, the good news is that 
these experiments are not hard, 
and a small investment of experi-
mental effort can produce enough 
data to help analysts understand 
which conditions are more likely 
to lead to favorable results and 
robust methods.
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