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LC TROUBLESHOOTING
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Letting the Chromatograph Talk, Part I: Looking 
for Troubleshooting Clues in Unexpected Places
Is an ultraviolet (UV) detector signal good for anything if I am using a mass spectrometer?

Dwight R. Stoll

A lthough I continue to be impressed 

with the capabilities of modern 

instrumentation for chromatography, 

my experience over many years has 

been that, if I put enough instruments 

in a lab and mix them with students, I 

am confronted daily with opportuni-

ties to hone my troubleshooting skills. 

In other words, things can and do go 

wrong even when working with the lat-

est, greatest instruments. 

“The peaks are not coming out.” “The 

pressure is too high.” “The pressure 

is too low.” “The UV detector signal 

looks weird.” This is an assortment of 

the kinds of observations I hear from 

researchers in my lab across all experi-

ence levels. What I have come to learn 

is that in almost every case of some-

thing not working correctly, there are 

good clues lying around that can lead 

us quickly to the cause of the problem. 

The trick then is more about finding or 

paying attention to these clues—letting 

the chromatograph talk—than it is 

about anything else. Sometimes the 

clue is a colored residue under a pump 

head. Other times it is a bottle of sol-

vent on the instrument that does not 

look well mixed (ask me about the 

time a pump ran backwards—literally). 

This month I will discuss two places to 

find clues that are easily overlooked—

the pressure trace recorded by the LC 

pump, and UV detector signals at low 

wavelengths.

I vividly recall a conversation I had as 

a graduate student with a field special-

ist for a major instrument vendor who 

had been working with chromatography 

and mass spectrometry equipment in 

labs all over the world for three decades. 

I was describing to him that I was hav-

ing trouble with an LC instrument that 

was not delivering flow to the column 

at the expected flow rate. I had looked 

carefully at the pump and concluded 

that the pump was delivering the cor-

rect flow at the pump outlet. And yet, I 

did not observe the expected flow rate 

at the column exit. He said to me point-

edly, “If the pump is working correctly, 

then you must have a leak somewhere.” 

I was baffled by this, because there 

was no obvious leak anywhere in the 

system. But, taking his point to heart, I 

began digging deeper and found that 

the rotor seal of the injector valve was 

so badly worn that some mobile phase 

was leaking out to the waste port of the 

valve. This was not immediately evident, 

because we had the waste port con-

nected to a waste container instead 

of running it to a tray with a leak sen-

sor. The point that I took away from the 

interaction with the specialist is that 

chromatographs are not mysterious 

black boxes that have magic happen 

inside of them. They are instruments 

built by humans, that abide by classical 

physical laws (such as conservation of 

mass, for example). And so, if we take 

the time to understand how they work, 

we will have a better chance of inter-

preting the many clues in and around 

the instrument and data system that can 

help us solve the problem at hand, and 

get back to acquiring good data.

The Pump Pressure Trace 

as a Source of Clues

Most modern LC systems record the sys-

tem pressure measured at the pump out-

let as part of the data file associated with 

an analysis. Obviously, the pump has to 

be functioning reliably for the recorded 

pressure data to be a useful source of 

clues to support troubleshooting. If the 

pump itself is not working properly, that 

raises a different set of questions that 

John Dolan has written about exten-

sively in the past (1). If the pump does 

appear to be working properly, then 

there are at least two important ways 

that the pressure trace can be useful. For 

liquid flow through an open tube (such 

as a connecting tube in an LC system), 

the pressure drop across the tube (that 

is, the difference between the inlet and 

outlet pressures) is given by the Hagen-

Poiseuille law:

8μLF

πr4
ΔP = [1]

where μ is the dynamic viscosity of the 

fluid moving through the tube, L is the 

tube length, r is the tube radius, and F is 

the flow rate of the liquid. In this equa-

http://www.chromatographyonline.com


862  LCGC NORTH AMERICA  VOLUME 36 NUMBER 12  DECEMBER 2018 WWW.CHROMATOGRAPHYONLINE.COM

tion, we see two things of practical sig-

nificance to the discussion here. First, 

any increase in the length of the tube, 

or decrease in the radius of the tube 

(such as when a tube is partially blocked, 

reducing the effective radius), will result 

in an increase in the pressure drop mea-

sured at the pump. Second, any change 

in the viscosity of the mobile phase will 

result in a corresponding change in the 

pressure drop. The dependence of the 

viscosity of acetonitrile and water mix-

tures on the fraction of acetonitrile in the 

mixture is shown in Figure 1. If we were 

to execute a solvent gradient running 

from 0 (100% water) to 1 (100% acetoni-

trile), then we would expect the pressure 

trace measured over the course of the 

gradient to have the same shape.

Case Study #1: 

Are You Sure the Gradient 

Was 90% to 50% Acetonitrile?

This case study comes straight out of 

some work in my laboratory that we 

have been doing to develop a method 

for a hydrophilic interaction liquid chro-

matography (HILIC) separation. Early 

on in the work, I asked a student to do 

some scouting for gradients starting at 

90:10 acetonitrile:aqueous buffer and 

running to 50:50 acetonitrile:buffer at 

the end of the gradient. After some 

time, the student reported to me that 

the peak for acenaphthene, which can 

be used as a dead time marker for 

HILIC separations, looked unusually 

small. One of the first things I did in 

troubleshooting this unexpected result 

was to look at the pressure trace, which 

is shown in Figure 2.

Given the shape of the viscosity curve 

in Figure 1, for a gradient running from 

90% to 50% acetonitrile, we would 

expect the pressure trace to start low 

and steadily increase toward the end 

of the gradient. This is clearly not what 

we see in this case. Figure 3 shows the 

pressure trace for a separation where 

the gradient was actually 90% to 50% 

acetonitrile. Upon looking further into 

the method that was used for this analy-

sis, it became evident that indeed the 

gradient that was used was set to 10% 

to 50% acetonitrile by mistake. The rea-

son the acenaphthene peak was small 

is because it was actually never eluting 

in the relatively water-rich mobile phase 

(the observed peak was probably an 

impurity). In this case, simply looking at 

the pressure trace provided a good clue 

that something probably was not right 

about the method, and that we should 

look into this more closely rather than 

pursuing other possible problems, such 

as the sample itself.

Case Study #2: Something Does 

Not Look Right in this Picture

The data for this second case study 

comes from work in my laboratory a 

few months ago that was focused on 

two-dimensional liquid chromatogra-

phy (2D-LC) separations of peptides. 

Upon review of chromatograms from 

the previous night’s analyses, the data 

did not look right at all. Turning to the 

pressure trace for the second dimen-

sion of the 2D-LC system, it was obvious 

that something was not right with this 
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FIGURE 1: Viscosity (centipoise, cP) vs. volume fraction of acetonitrile in mixtures of 
acetonitrile and water. Viscosities were calculated for 20 °C and ambient pressure using 
the correlation reported by Halvorson, et al. in ref. (2).
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FIGURE 2: Pressure recorded during a solvent gradient that was supposed to run from 
90:10 (v/v) acetonitrile and aqueous buffer to 50:50 (v/v) acetonitrile and buffer. 
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part of the system. Figure 4 shows the 

pressure trace from the second dimen-

sion pump, where I have layered on red 

dashed lines, and the 1/2 pattern that 

shows when valve switches occurred to 

transfer mobile phase from the first- to 

the second-dimension column. Looking 

at the data this way makes it clear that 

the system was working properly in posi-

tion #1 of the valve, but then in position 

#2 the pressure suddenly dropped sev-

eral hundred bar, and in a reproducible 

way. With this clue in mind, I visually 

inspected the valve itself, and found 

that there was a major leak at one of the 

capillary connections to the valve that 

only had liquid flow through it when the 

valve was in position #2. Keeping in mind 

the Hagen-Poiseuille law above, a leak 

in the system is like effectively shorten-

ing the length of the flow path (L). After 

tightening the suspect capillary connec-

tion the 1/2 pattern went away, and sub-

sequent 2D chromatograms returned to 

normal. Here again, a quick look at the 

pressure trace from the pump yielded 

a clue that was used to quickly isolate 

the likely source of the problem in this 

system, and avoided time consuming 

pursuit of other potential causes of the 

problem.

Using a UV Detector Signal as a 

Source of Clues (Even When MS 

Is the Detector You Care About)

One of the interesting dilemmas we 

face in coupling liquid chromatography 

(LC) separations to ultraviolet (UV) and 

mass spectrometry (MS) detection is 

that the aqueous buffers most suitable 

to UV detection (for example, phos-

phate buffers for their transparency) 

are terrible for MS detection, and vice 

versa. For example, formic acid is vola-

tile and great for MS, but terrible for 

UV because it absorbs strongly at low 

wavelengths. This tendency of formic 

acid and other volatile buffering agents 

to absorb at low wavelengths is indeed 

annoying, and it is tempting to avoid 

using the UV detector in cases where 

we are most interested in data from an 

MS detector. Nevertheless, in my labo-

ratory we routinely use both UV and MS 

detectors at the same time, because our 

experience has been that the UV data 

have been very useful for troubleshoot-

ing purposes on many, many occasions. 

Using the two detectors together can 

be done either by running LC column 

effluent through the UV detector first 

and on to the MS detector, or by split-

ting the column effluent so that part of 

it goes to the UV detector and part of it 

goes to the MS. There are advantages 

and disadvantages associated with 

each of these approaches, but we’ll 

leave the substance of that comparison 

for a different day.

In any situation where we are mixing 

two or more solvents to prepare the 

mobile phase, and one of the compo-

nents absorbs more strongly at a par-

ticular wavelength, then we will see 

that the UV detector baseline changes 

during a solvent gradient elution pro-

gram. A common example of this is 

illustrated in Figure 5, where I have 

recorded the absorbance at 210 nm 

during a gradient from 10% to 90% B 

over 4 min, where A is 0.1% formic acid 

in water and B is acetonitrile. Here, the 

A solvent absorbs much more strongly 

than the B solvent (acetonitrile is very 

transparent at 210 nm), so we see that 

the measured absorbance decreases as 
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FIGURE 3: Pressure recorded during a solvent gradient actually running from 90:10 to 
50:50 acetonitrile and buffer.
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FIGURE 4: Pressure recorded by the second-dimension pump in a 2D-LC system. Red 
dashed lines indicate valve switching events, and the “1” and “2” indicate the positions 
of the valve.
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the fraction of A solvent in the mobile 

phases decreases.

Case Study #1 (Revisited): 

Are You Sure the Gradient 

Was 90% to 50% Acetonitrile?

Going back to our first case study, the 

pressure trace provided a good trouble-

shooting clue, as discussed above. But, 

if this were inconclusive, we could also 

have looked at the UV detector signal. 

Recall that our intended gradient in this 

work was 90% to 50% B, where A was 10 

mM ammonium acetate, and B was ace-

tonitrile. The UV absorbance signal at 

210 nm from the experiment is shown in 

Figure 6. Clearly this signal is headed in 

the wrong direction for a gradient of 90% 

to 50% B, where we would expect to see 

an increase in absorbance as the fraction 

of the absorbing ammonium acetate 

in the mobile phase increases over the 

course of the gradient. This again con-

firms that the gradient had mistakenly 

been programmed as 10% to 50% B.

Closing Remarks

Modern chromatographs and data sys-

tems have the ability to record and store 

a variety of data streams (for example, 

column temperature, pump pressure, 

pump piston position). In some cases, 

these streams are not recorded by 

default, but can be selected for record-

ing by the user. My experience has been 

that these data can be rich sources of 

information to support troubleshoot-

ing. I encourage you to get to know 

your chromatograph a little better, and 

listen when it wants to talk to you!
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Interested in a 

Troubleshooting Topic?

Is there a troubleshooting topic that 

you are interested in, but have not seen 

discussed in this column? I am particu-

larly interested to hear what you, as a 

regular reader of the column, have to 

say about topics you would like to see 

addressed here. Are there topics that are 

emerging challenges that you have not 

seen addressed in the past? Are there 

“old” topics that you would like to see 

addressed in more depth? I’d love to 

hear your topic suggestions! Please send 

them along to LCGCedit@ubm.com.
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FIGURE 5: Ultraviolet (UV) absorbance signal (210 nm) recorded during a gradient from 
10 to 90% B, where A is 0.1% formic acid in water, and B is acetonitrile. 
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FIGURE 6: Ultraviolet (UV) absorbance signal (210 nm) recording during an analysis 
that was supposed to be running a gradient from 90:10 to 50:50 acetonitrile with 10 mM 
ammonium acetate.
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