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LC TROUBLESHOOTING
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What’s Trending in LC Troubleshooting?
The challenges we face in troubleshooting problems with LC separations are highly diverse. This month we take a closer 

look at topics that have garnered more attention recently.

Dwight R. Stoll

As I look through the topics that 

have been discussed in this col-

umn over the past 30+ years, and think 

about our day-to-day experiences with 

modern liquid chromatography (LC), it is 

clear that there are some troubleshoot-

ing topics that just continue to hang 

around. Although pump check valves 

have improved over the years, they still 

fail occasionally, and are often found to 

be the cause of unstable flow from LC 

pumps. Vast improvements have been 

made in LC column technologies over 

the years, but still it is not uncommon 

to observe symptoms of failed columns, 

including split or tailed peaks, or both. 

For this month’s column, I decided to 

pay close attention to what is trending 

in LC troubleshooting at the moment. 

I spent some time browsing online LC 

discussion boards, where people are 

describing their problems and oth-

ers are offering advice. At conferences 

I have attended recently, I listened 

more closely to the challenges people 

described in their conference talks and 

during the coffee breaks. First, I have 

to say that an incredible diversity of 

problems is addressed in the online 

discussion groups. LC is an amazingly 

powerful analytical tool, but, looking at 

a discussion board, we realize just how 

many ways it can break, and that we are 

still quite a ways off from having truly 

autonomous LC systems. Based on what 

I’ve seen and heard recently, this month 

I decided to focus on two particular top-

ics: problems in LC that can be traced 

to contaminated solvents or reagents, or 

both; and the effect of sample solvent 

that can lead to poor performance of 

HILIC separations.

The Problem Cannot Be 

Caused by the Solvent, Can It?

We are fortunate to be able to buy high 

quality solvents for use in chromatog-

raphy and mass spectrometry, typically 

at remarkably low cost. We are able 

to purchase concentrated acids with 

extremely low levels of metals for doing 

trace-level metal analysis, and solvents 

like acetonitrile, water, and methanol 

for liquid chromatography–mass spec-

trometry (LC–MS) that have very low 

levels of small organic contaminants. 

The quality of these materials obtained 

from reputable manufacturers tends to 

be highly consistent. However, it does 

not always work out this way. Sometimes 

these reagents are contaminated during 

manufacture, storage, or at the point of 

use, so we should be careful to consider 

in the course of troubleshooting LC and 

LC–MS systems that a contaminated sol-

vent or other reagent could be the cause 

of a major problem. I think sometimes 

the good experiences we have with high 

quality reagents most of the time can 

lull us into a false sense of security, such 

that, in the course of normal trouble-

shooting, potential problems with sol-

vents and reagents are not among the 

first things to enter our minds.

Examples of Experiences with 

Contaminated Solvents and Reagents

Given enough time in a laboratory, even-

tually everyone will encounter a situation 

in which a contaminated reagent results 

in a significant problem with a method. 

All laboratories with substantial expe-

rience have stories to tell about such 

problems. In the examples below, I share 

some of the problems I’ve encountered 

in my own work, as a way of encourag-

ing you to seriously consider the possi-

bility that future problems could be due 

to a contaminated solvent or reagent.   

   My most recent encounter with a con-

taminated solvent occurred in the con-

text of an LC–MS experiment where we 

were using premixed 0.1% formic acid 

in water in 4-liter amber bottles from 

a reputable distributor. We observed 

ions in the mass spectrometer typi-

cally associated with polyethylene 

glycol (PEG), and the abundance of 

these ions decreased as we carried out 

a solvent gradient elution program in 

reversed-phase mode (that is, the PEG 

ions decreased as the fraction of the 

aqueous solvent in the mobile phase 

decreased over time). The PEG peaks 

were so intense that they dominated the 

total ion current, making it difficult to 

detect any peaks from the peptide mix-

ture we had injected. Upon switching to 

a different bottle of 0.1% formic acid in 

water (from the same vendor, but with 

a different lot number), we immediately 

saw the signals for the PEG ions drop 
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to the point where they were hardly 

detectable after 30 min of flushing the 

contaminated solvent from the system.  

   We have also observed problems 

with neat formic acid as a mobile-phase 

additive. I wrote about this previously in 

the context of different sources of con-

taminants in mass spectrometry experi-

ments specifically (1), but I think it is 

worth repeating here. A few years ago 

we faced a situation in our work with LC–

MS analyses of intact proteins where we 

had great results on a Friday, and no MS 

signal for the proteins at all the follow-

ing Monday. After pursuing many other 

possible causes for this dramatic change, 

we found that the cause of the loss in 

signal was a “bad” bottle of neat formic 

acid that we were using as additive for 

the aqueous component of our mobile 

phase. To this day, we have no idea what 

that formic acid was contaminated with 

that killed our MS signal, but changing 

to a different source of formic acid imme-

diately restored the performance of the 

method to normal. We never suspected 

that the reagent could be the cause 

of the problem in this case because 

the bottle was brand new, and was 

marketed as an “additive for LC–MS.”

   Several years ago, I did some work with 

an instrument manufacturer investigat-

ing a change observed in the magnitude 

of change in the baseline of an ultravi-

olet-visible (UV-vis) absorbance detec-

tor upon changing solvents. Initially, we 

had the idea that the baseline changes 

were somehow related to differences 

in the refractive indices of the solvents 

used, and that the change in baseline 

was somehow related to the optical 

properties of some of the detector com-

ponents. In the end, however, we found 

that the cause of the observed changes 

was related to significant differences 

between the levels of UV-absorbing 

solvent contaminants in different man-

ufacturing lots of solvent. In this case, 

the problem was not so much that the 

solvent was not within specification for 

UV absorbance at low wavelength, but 

that there was so much variability from 

one lot to the next.

Strategies to Support 

Troubleshooting Potential Problems 

with Solvents and Reagents

In the course of validating a process (for 

example, a chromatographic method) in 

a regulated environment, it is typical to 

evaluate multiple lots of critical materials 

(for instance, chromatographic columns) 

to avoid the negative consequences of 

unanticipated variation in the process. In 

less regulated environments, it is tempt-

ing to skip over these details in the inter-

est of saving time and resources. How-

ever, having learned the hard way how 

frustrating and time consuming reagent-

related challenges can be, in my labo-

ratory we have become more diligent 

about safeguarding against these prob-

lems. These steps will certainly look dif-

ferent in other laboratories, but for us the 

important guidelines are as follows: 

1. Retain portions of “old” reagents 

that are known to work well when 

switching to a new vendor or part 

number. This gives us the ability to 

double-check the functionality of 

the rest of the system in an event 

where we suspect a problem with a 

new reagent.

2. Establish solid benchmarking data for 

critical reagents. I’ve written about this 

in the past concerning monitoring LC 

column performance (2), but the idea 

applies here as well. Collect baseline 

data that reflect characteristics of the 

reagent that are meaningful to the 

method. For example, we characterize 

formic acid that we use as a mobile- 

phase additive both in terms of contami-

nants that are detectable by MS under 

typical LC–MS conditions, and in terms 

of the effect of the additive on detec-

tion sensitivity for proteins and peptides. 

These baseline data, updated periodi-
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FIGURE 1: Comparison of chromatograms obtained from injection of samples in a) 
30:70 (v/v) acetonitrile:water, or b) 70:30 (v/v) acetonitrile:water. Conditions: column, 30 
mm x 2.1 mm i.d. C18; injection volume, 40 μL; gradient elution from 50 to 90% acetoni-
trile was from 0 to 15 s, with water as the aqueous phase; fl ow rate, 2.5 mL/min. Analytes 
are alkylphenone homologs from acetophenone to hexanophenone.
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cally over time, gives us a reliable way 

to assess the effect of switching to a new 

source of the reagent.

Mind the Sample Solvent!

A problem that I have been hearing and 

reading about a lot recently, in a vari-

ety of places, is the observation of “no 

retention” under HILIC conditions. This 

most definitely can be a real problem 

where the analyte of interest is simply 

too soluble in the mobile phase, relative 

to the stationary phase, and no useful 

amount of retention is observed. How-

ever, I think in many cases the obser-

vation of no retention has more to do 

with the effect of the sample solvent (or 

sample diluent) on the behavior of the 

analyte in the column than it does with 

the inherent retention of that analyte in 

the mobile phase. In these cases, simply 

adjusting the sample solvent or injec-

tion volume, or both, can have a signifi-

cant effect on the chromatography, turn-

ing an awful separation into a good one.

Although I think the impact of the 

sample solvent on LC separation per-

formance is generally underappreciated, 

it has at least been studied extensively 

in the context of reversed-phase sepa-

rations (3–5). And because most LC 

practitioners do more reversed-phase 

separations than anything else, it is 

perhaps most easily understood in this 

context as well. Figure 1 shows a com-

parison of the chromatograms obtained 

for a sample of simple alkylphenones 

injected in solvents containing more (b)

or less (a) acetonitrile than the mobile 

phase, but under conditions that are 

otherwise identical. Clearly the effect of 

the sample solvent is dramatic. I think 

the simplest way to understand what 

is going on here is to recognize that, 

in this case, the injection volume of 40 

μL is about 70% of the dead volume of 

the column itself. This means that when 

all of the sample has entered the col-

umn from the injector, literally 20 mm of 

the 30 mm column length is filled with 

sample. In other words, for this 20 mm 

segment of the column, the sample sol-

vent is the mobile phase. Under these 

conditions, the retention factor of even 

the most retained compound in the mix-

ture is just 3, meaning that most of the 

compounds simply travel with the band 

of sample solvent all of the way from the 

column inlet to the column outlet. There 

is no chance for any useful separation 

to occur because the analytes are not 

retained enough to be first separated 

from the band of sample solvent, and 

then be separated from each other.

The same kind of thing can happen in 

HILIC separations, except that in HILIC 

the discussion should be focused more 

on the water content of the sample than 

on the organic solvent content. The 

effects of injection volume and the water 

content and organic solvent type in the 

sample have been described in the liter-

http://www.chromatographyonline.com
www.optimizetech.com


22  LCGC NORTH AMERICA  VOLUME 37 NUMBER 1  JANUARY 2019 WWW.CHROMATOGRAPHYONLINE.COM

ature, although not in the same depth as 

for reversed-phase separations (6–9). Fig-

ure 2 shows a series of chromatograms 

obtained under HILIC conditions using 

a bare silica phase for the separation of 

cytidine and guanosine. When the injec-

tion volume is small (top row of Figure 2), 

the sample composition has little effect 

on the resolution of this peak pair, and 

when the sample contains a large frac-

tion of acetonitrile (left column of Figure 

2), the injection volume has little effect on 

resolution. However, when the injection 

volume is large (bottom row of Figure 2) 

the sample composition is very impor-

tant; likewise, when the sample contains 

a significant amount of water (right col-

umn of Figure 2), the injection volume 

is important. The worst-case scenario 

involving a large injection of a sample 

containing a large fraction of water leads 

to a disastrous result (lower right corner 

of Figure 2). Indeed, it would appear 

under this condition that there can be 

no retention of cytidine and guanosine 

at all (see peak at dead time indicated by 

the blue arrow). But, in fact, this is a kind 

of artifact caused not by low retention in 

the mobile phase, but by an inappropri-

ate combination of injection volume and 

sample solvent composition.

Strategies for Minimizing Sample 

Solvent Effects in HILIC Separations

If we understand that the combination 

of injection volume and sample solvent 

can have a significant negative impact on 

separations, then the question becomes, 

How do we avoid this problem? The sim-

plest possible solution is to just inject 

smaller volumes of samples. Generally 

speaking if the injection is less than 1% 

of the column dead volume, the sample 

solvent will not have much of an effect on 

the separation. As always, there will be 

exceptions to this and you may have to 

go down to 0.1%, but I think 1% is a good 

rule of thumb. However, simply reducing 

the injection volume cannot be a viable 

solution in all situations, because injecting 

such small amounts will frequently lead to 

inadequate detection sensitivity (that is, 

poor detection limits). In other words, in 

applications where we need to be able 

to detect low concentrations of analyte, 

we need to find ways to inject larger vol-

umes of sample without negatively affect-

ing the separation itself. One approach is 

to dilute samples that are high in water 

content with organic solvent, preferably 

acetonitrile. This is analogous to what is 

commonly done for reversed-phase sepa-

rations of samples high in organic solvent 

content (4,5), and can be very effective. 

However, I think the biggest problem with 

this approach is that some polar analytes 

of interest to HILIC separations are not 

very soluble in acetonitrile-rich solvents. 

A good example of a situation like this 

involves separations of proteins by HILIC. 

We have done quite a bit of this type of 

work in my laboratory, and we find that 

the mobile phases that work for these 

separations require about 65-70% ACN. 

But, if we add enough ACN to our aque-

ous sample to get to 70% acetonitrile, 

the protein crashes out of solution pretty 

quickly. There are at least two known 

approaches to handle this type of sample. 

The first involves starting the solvent elu-

tion program used for the HILIC sepa-

ration at a much higher percentage of 

acetonitrile than is needed for the separa-

tion itself (10). When the highly aqueous 

sample is injected into this mobile phase 

there will be some mixing of the sample 

and mobile phase, effectively raising the 

acetonitrile content of the sample at the 

column inlet. Another approach is to 

inject the aqueous sample “sandwiched” 

between two small plugs of acetonitrile 

in the injector needle. In this case, a small 

portion (typically on the order of the vol-

ume of sample itself) of pure acetonitrile 

is drawn into the needle, then the sample 

itself, and then another small portion of 

acetonitrile (11). Here, again, these fluid 

will mix at the column inlet, effectively 

raising the acetonitrile content of the 

sample as it begins moving into the col-
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FIGURE 2: Effect of injection volume and sample solvent composition on peak shape 
and resolution for hydrophilic interaction chromatography (HILIC) separations of highly 
water soluble compounds. Chromatographic conditions: column, 100 mm x 2.1 mm i.d. 
Ascentis Express HILIC (2.7 μm); fl ow rate, 0.4 mL/min.; temperature, 40 °C; mobile 
phase, 90:10 acetonitrile–100 mM ammonium formate adjusted to 3.0 with formic acid; 
detection, ultraviolet (UV) absorbance at 254 nm. Samples were prepared in ACN and 
water, and contained 50 and 40 μg/mL cytidine and guanosine, respectively. Signals are 
normalized for each injection such that each injection volume produces a peak of the 
same height if the peak shapes are the same.
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umn. In our own work, we have found this 

approach to be effective for separations 

of monoclonal antibodies. 

Summary

Many of the challenges we face in 

troubleshooting modern LC methods are 

as old as LC technology itself. However, 

as separation technologies evolve (for 

example, with the increase in use of 

HILIC separations), new troubleshooting 

challenges emerge, too. In this column, 

I have discussed scenarios in which 

problems can be related to the quality of 

solvents and reagents used in LC methods, 

as well as specific problems related to the 

use of highly aqueous sample solvents in 

HILIC separations. This is a great example 

of a situation where deeper understanding 

of the behavior of the method itself can 

help us be more effective in the process of 

LC troubleshooting.
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