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LC TROUBLESHOOTING

But My Peaks Are Not Gaussian! Part II: 
Physical Causes of Peak Asymmetry 
Although symmetric peaks with Gaussian shapes are predicted by models of the chromatographic process, “perfect peaks” are 
not observed very often outside of textbooks. Several physical phenomena can lead to asymmetric peak shapes, including 
heterogeneity of the particle density inside the column, rearrangement of the particles over time, and accumulation of debris at 
the column inlet frit. Understanding these phenomena can help identify whether the cause of asymmetry is most likely to have a 
physical or chemical origin, which, in turn, dictates which troubleshooting steps to start with when dealing with poor peak shapes.

Dwight R. Stoll

L ast month, in the first installment of 
this series of LC “Troubleshooting” 

articles on peak asymmetry, I discussed 
some basic concepts in peak asymme-
try, including commonly used mod-
els of chromatographic peak shapes, 
how to quantify peak tailing, and the 
impact of peak tailing on separation 
performance. I then went on to discuss 
in some detail how poorly-made con-
nections between the column and the 
rest of the LC system can lead to seri-
ous peak tailing. The good news is that 
this particular cause of peak tailing can 
usually be fixed rather easily by care-
fully considering the parts (such as cap-
illaries and unions, to name two) used 
in the flow path between the injector 
and detector, and replacing those that 
are inappropriately sized (for example,  
a union with a very large through-hole) 
or somehow improperly connected 
(for example, a ferrule set too shallow).  
In addition to these problems,  
there are many other potential causes 
of peak asymmetry—too many to 
cover in a single one of these articles—
some having primarily physical origins, 
and some having primarily chemical 
origins. In this month’s installment,  
I will focus on several other potential 
physical causes, including problems 

with column packing, changes in the 
packed particle bed over time, and 
accumulation of debris in the column. 
A common symptom of all of the phys-
ical causes of peak asymmetry dis-
cussed here is that all peaks in a chro-
matogram will be affected similarly. 
This can be an important clue to help 
determine if the source of the asym-
metry is more likely to have chemical 
or physical origins. If all of the peaks 
in a chromatogram are either fronting,  
or tailing (or both [1]), the cause is 
most likely physical in origin. If only 
some of the peaks are fronting or tail-
ing, but the other peaks look good,  
then it is most likely that the cause of 
the poor peak shape is chemical in 
nature. This distinction is helpful when 
deciding which potential solutions to 
improve the peak shape to try first.

Brief Review of Flow Through 
a Packed Bed of Particles
To understand the different peak 
shapes that can be observed as a 
result of different physical problems 
within a LC column, it is helpful to first 
review some foundational concepts 
related to mobile phase flow through 
a column packed with small particles 
like those used in HPLC. Figure 1a 

shows a highly idealized illustration of 
the organization of particles (depicted 
as porous spheres) in a perfectly 
packed bed. Such perfect arrange-
ments of particles are not achievable 
in practice, though some come close, 
in the case of small very small (<1 µm) 
particle columns (2). The main point of 
this illustration is that a highly ordered, 
consistent arrangement of the par-
ticles in the column leads to highly 
consistent mobile phase velocities 
across the column radius. Since the 
rate of migration of analyte molecules 
(that is, analyte velocity) from the inlet 
to the outlet of the column is propor-
tional to the mobile phase velocity,  
the consistency in mobile phase veloc-
ity directly translates into consistent 
analyte velocities, and thus a sym-
metric analyte peak observed at the 
detector. In the case of perfectly con-
sistent mobile phase velocity across 
the column diameter, there would be 
no “A-term broadening” of peaks,  
and their widths would be dictated pri-
marily by diffusion of analytes along the 
long axis of the column, and into and 
out of pores in the particles. The con-
sistency of the mobile phase velocity 
in this case is communicated in Figure 
1a with yellow arrows of the same size.  
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modern materials. In principle, these 
high pressures force the particles 
into an arrangement that is unlikely 
to change significantly when used in 
an LC instrument at lower pressures. 
In the early days of HPLC it was not 
uncommon for column performance 
to deteriorate upon settling or rear-
rangement of the particle bed. For-
tunately, modern manufacturing pro-
cedures have generally improved the 
robustness of LC columns significantly, 
and I have to say I am often impressed 
at just how resilient modern columns 
are, surviving instrument failures (for 
example, pressure spiking due to 
sticky check valves) or user error (for 
example, allowing columns to dry out 
without flushing first with an organic/
water mixture to remove buffer salts).  
However, rearrangement of the parti-
cle bed can still happen—for example, 
in response to physical stress on the 
column (such as repeated pressure 
fluctuations [4]). Although there are 

many ways that the particle bed could 
conceivably rearrange, the classical 
observation is that the particle bed 
consolidates in the direction of the out-
let (think of sand settling in a bucket 
when vibrated), leaving a significant 

“void” at the column inlet where there 
are no particles and only mobile phase.  
These void spaces can then act like small 
mixing chambers and lead to significant 
peak tailing like that shown in Figure 
1c. Sometimes reversing the flow direc-
tion can restore some of the column 
performance, but, in my experience,  
this performance is usually very short-
lived, and when a void develops in a 
column it is best to just replace the 
column. Although many modern LC 
columns are highly resilient to various 
physical stressors, it is still helpful in 
the long run to avoid causes of such 
stress in order increase column lifetime. 
This includes avoiding major pressure 
fluctuations (for example, due to air 
bubbles in pumps), and properly flush-

ing columns according to manufacturer 
recommendations before storing the 
column for more than a few days.

Accumulation of Debris 
on Column Frits Can Lead 
to Asymmetric Peaks
As I’ve written about in the past, one 
of my favorite troubleshooting tips 
is to consistently use inline filters 
in LC systems, especially immedi-
ately upstream from the column (5).  
There are many ways that insoluble 
debris can make its way to the column 
inlet, including particulate matter in the 
sample that is injected, particulate mat-
ter in the mobile phase that comes from 
unfiltered solvent feeding the pump,  
and polymeric material that is shed by 
valves (for example, from a rotor seal) 
like those found in autosamplers. If an 
inline filter is not used between the 
sample injector and the column, then 
much of this insoluble debris will accu-
mulate on the inlet frit of the LC column. 
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I’ve looked at many inline filters when 
replacing them after they’ve become 
blocked, and, without exception, I see 
that debris never accumulates across 
the frit in a uniform way. Sometimes it is 
concentrated at the edges, sometimes 
in the middle, and other times there is 
no obvious pattern. However, the non-
uniform distribution of the accumulated 
material again means that flow through 
the column inlet frit will also be non-
uniform, leading to different mobile 
phase velocity streams at the column 
inlet, peak dispersion, and asymmetric 
peak shapes. In the illustration in Figure 

1d, I’ve attempted to show accumula-
tion of debris at the center of the inlet 
frit, and that in some cases this can 
lead to severely distorted split peaks as 
shown at right. The good news is that 
this particular cause of peak asymmetry 
can largely be avoided through consis-
tent use of inline mobile phase filters 
directly upstream from the analytical 
column. It is also possible in many cases 
to physically replace the inlet frit on the 
LC column, but this requires extraordi-
nary care to avoid disrupting the par-
ticle bed, and I would not recommend 
this remedy as a routine practice.

Summary
In this installment of “LC Trouble-
shoot ing,” I ’ve discussed sev-
era l  of  the common phys ica l 
causes of peak asymmetry in LC, 
and remedies for some of them.  
In some cases there is not a whole lot 
the user can do to address the root 
cause of peak asymmetry, as some 
problems occur at the point of manu-
facture of the column, but in the spirit 
of increasing our troubleshooting 
knowledge, it is still helpful to know 
what all can go wrong, and this knowl-
edge can also help determine if the 
problem is likely to be solvable, or if 
the column must simply be replaced. 
In the next installment in this series, 
I will discuss several chemical causes 
of peak asymmetry, where we as users 
typically have more opportunities to 
improve peak shape through changes 
in operating conditions.
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FIGURE 1: Illustration of porous particles arranged in LC columns in different ways. 
Drawings are not to scale, are highly idealized, and with features that are exaggerated 
to illustrate specific concepts. Porous particles are depicted in textured circles, mobile 
phase velocities at different positions in the cross-section of the column are indicated 
with yellow arrows, analyte molecules are depicted as green dots, and the peak at the 
right in each case illustrates the type of peak shape that can result from the particle 
arrangement shown at left. (a) Perfectly ordered arrangement of particles that leads to 
consistent mobile phase velocities and symmetric peak shapes; (b) Random arrange-
ment of particles—local variations in the tightness of the packing lead to variations 
mobile phase velocity, which in turn lead to asymmetric peaks; this particular shape is 
referred to as a “fronting peak”; (c) Empty void space at the column inlet due to consoli-
dation of the particle bed can lead to mobile phase mixing (orange arrows) and tailing 
peaks; (d) Accumulation of insoluble debris from the mobile phase at the inlet frit can 
lead to differences in the velocity of mobile phase passing through the frit, and thus 
asymmetric or even split peaks.
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