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LC TROUBLESHOOTING

Dwight R. Stoll

With some topics I have written 

about in the past year, I have tried 

to draw attention to aspects of our practical 

work with LC that I think are often underap-

preciated—for example, the value of using 

inline mobile phase filters, and best prac-

tices around reducing contaminants when 

using LC–MS. There are other topics where 

the issues I observed in talking with people 

about their LC work are more about misun-

derstandings, misconceptions, and myths. 

This month, I have chosen to tackle a topic 

of this kind, focused on mobile-phase mixing 

and mixers. I think there is some confusion 

among users of LC about what happens 

when we combine two (or more) different 

flow streams in LC systems, and when mix-

ers are needed to blend the different fluids. 

Hopefully, the discussion will enable a more 

detailed understanding of why they are 

needed, and when and how one might con-

sider using something other than the default 

mixer that is used at the time of installation.

Why do we need mixers in LC 

pumps in the first place?

Common Pump Designs

The vast majority of LC pumps in use today 

can be approximately characterized by one 

of two designs, shown schematically in Fig-

ure 1. These designs have been discussed in 

the “LC Troubleshooting” column in the past 

(1), and there are good educational resources 

for learning about them elsewhere (see www.

chromacademy.com). Readers interested in 

much more detail will find an extensive dis-

cussion of modern pumps by Frank Steiner 

in “The HPLC Expert II,” edited by Stavros 

Kromidas (2). For the sake of discussion here, 

we need to establish that we will discuss the 

designs at a particular level of detail to appre-

ciate why and when a “mixer” is needed. 

The design in Figure 1a is typically referred to 

as a high-pressure mixing system, meaning 

that each of the mobile-phase constituents 

is first pushed with enough force to meet 

the inlet pressure of the column, and then 

these flows are brought together in a fluidic 

junction (referred to here as the convergence 

point) upstream from the point where the 

sample is injected. These systems are usu-

ally binary pumps, meaning that they have 

two independent high-pressure pumps that 

can deliver two different solvents to the con-

vergence point at high pressure. The design 

shown in Figure 1b is typically referred to as 

a low-pressure mixing system, meaning that 

two or more fluids are brought together at 

the convergence point while at low pressure, 

and then the single stream of combined fluid 

is pushed by a single high-pressure pump to 

meet the inlet pressure of the column. The 

major advantage of the high pressure mixing 

design in Figure 1a is that the time it takes 

for a change in solvent composition made by 

the pump (as in gradient elution) to appear 

at the column is typically much shorter than 

it is for low-pressure mixing systems. We 

refer to this as the gradient delay time, and 

we’ll discuss this more later on in the article. 

On the other hand, the major advantage of 

the low-pressure mixing system illustrated in 

Figure 1b is that these typically come with a 

lower purchase price, simply because there is 

one high-pressure pump involved instead of 

two. The fact that this type of pump can also 

produce ternary (three fluids) and even qua-

ternary (four fluids) mobile phases can also 

be a great asset for some applications (for 

example, making pH gradients online using 

the pump).

Imagining the Convergence of

Two Fluids in the Pump

Now, to the question at hand: Why do we 

need a mixer? First, it is helpful to define 

the meaning of mixer in the context of this 

discussion. Here, I will use the term mixer

to describe any device that is deliberately 

used in a LC system for the purpose of mix-

ing two or more fluids. Of course, in real 

LC systems there are many elements of the 

system that promote mixing of the mobile 

phase (and sample), whether or not this is 

the intent of that element. For example, 

some mixing can occur in a straight, open 

connecting capillary, and a fair amount of 

mixing happens in all chromatography 

columns (although we try to prevent this 

by design!). Now, the ways that different 

fluid streams converge in a LC system can 

be very different, depending on the context 

What types of mixers are needed with different types of LC pumps? Are different mixers needed for different 

applications?
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in which this happens. This month we will 

consider two scenarios: 1) convergence in 

a high-pressure mixing pump (Figure 1a); 

and 2) convergence in a low -pressure mix-

ing pump (Figure 1b). Next month, we will 

consider the convergence of sample and 

mobile phase when a sample is injected 

into a column (Figure 2, scenario 3). Figure 

2 illustrates, albeit in an idealized way, the 

major differences between these three sce-

narios in terms of how two fluids will con-

verge. In the first scenario, the two fluids 

are brought very close together in a single 

small-diameter tube such that molecules of 

fluid A only have to travel a short distance 

(hundreds of micrometers at most) by diffu-

sion or convection, or both, to actually mix 

with molecules of fluid B. In this case, there 

is probably quite a lot of disordered flow 

that happens in the tube as it makes turns 

and goes through connections to valves 

and other fittings. This disordered flow is 

probably sufficient to mix two fluid streams 

if they really are consistent over time, as 

shown in scenario 1 of Figure 2. This ideal 

is never exactly achieved in pumps that use 

reciprocating pistons; we’ll address this in a 

bit more detail below. 

Moving on to scenario 2 in Figure 2, we 

see that the way the fluids converge here is 

entirely different from the scenario in Fig-

ure 1. In the low-pressure mixing design, 

the composition of the mobile phase is 

determined by the duration of opening and 

closing of solenoid valves that are mounted 

on the solvent proportioning valve. For 

example, in the case where the desired 

mobile-phase composition is 25:75 A:B (as 

in Figure 2), solenoid A may open for 150 

ms and then close, followed by solenoid B 

opening for 450 ms and then closing. These 

two events constitute one cycle of the valve 

that allows the pump to draw in a packet 

of the 25:75 A:B mixture, and this process 

repeats over time. The important difference 

between scenarios 1 and 2 is that in sce-

nario 2 the fluids are brought together in a 

serial fashion, like slices of bread assembled 

into a loaf, whereas in scenario 1 the two 

streams are brought together in a parallel 

fashion. In scenario 2, this means that for 

the two fluids to actually mix to produce a 

homogeneous mixture, the molecules of 

fluid A have to be moved relatively long 

distance to mix with the molecules of fluid 

B, as shown by the curved arrow in Figure 

2. This distance depends on a number of 

factors, including flow rate, the desired mix-

ture composition, and the diameter of the 

tube connecting the solvent proportioning 

valve to the high pressure pump. Quite a bit 

of mixing will occur as the mixture is drawn 

into and pumped out of the high-pressure 

pump head, but generally speaking pumps 

with this low-pressure mixing design require 

mixers with larger volumes, mainly because 
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FIGURE 1: Block diagrams for the two most commonly used designs of HPLC pumps 

in use today: a) binary pump with high-pressure mixing; and b) quaternary pump with 

low-pressure mixing.
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FIGURE 2: Idealized representation of the different ways two fl uids converge under 

different circumstances in LC systems: 1) convergence in a binary high-pressure mixing 

pump; 2) convergence at the outlet of a solvent proportioning valve in a low-pressure 

mixing pump; 3) convergence when a sample is injected into a mobile-phase stream 

that will carry the sample to the LC column.
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this is what is required to effectively make 

the mixture of fluids homogeneous. There is 

one additional and important detail relevant 

to scenario 1 that is relevant here. As stated 

above, most pumps in use today that use 

the high-pressure mixing design use dual 

reciprocating pistons in each high-pressure 

pump. Although there are many variations 

on this design (2), the basic idea is that one 

piston draws fluid in from the solvent bot-

tle while the other piston pushes fluid out 

at high pressure toward the column. These 

pistons accumulate and displace a finite vol-

ume, and so at the end of a piston stroke 

the travel of both pistons is reversed. At 

the end of the stroke, a check valve is used 

to prevent flow of mobile phase backward 

from the column into the pump. While this 

all works very well in principle, the import-

ant point here is that short-term deviations 

in the flow from each high-pressure pump 

are very hard to avoid. A simple view of 

the consequence of this is shown in Figure 

3. When the flow of fluid A is temporarily 

lower at the end of a stroke, the composi-

tion of the combined fluid will be enriched 

in fluid B, and vice versa. In cases where the 

mobile-phase components are transparent 

to the detector (for example, water in the 

case of UV detection, or methanol in fluo-

Fluid A flow

Mobile-phase composition

Detector signal

Time

Fluid B flow

FIGURE 3: Illustration of the effect of inconsistent fl ow from individual high-pres-

sure pumps in a binary high pressure mixing system on variation of the mobile-phase 

composition over time, and the effect that this can have on detector baselines.
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rescence detection), we are blind to these 

deviations in mobile phase composition. 

However, if the detector is even slightly sen-

sitive to these changes (for example, when 

using formic acid in water with UV detection 

at 214 nm, or acetonitrile and water with 

refractive index detection), these devia-

tions will be detected as a wavy pattern in 

the baseline. Here again, as was the case 

with low-pressure mixing systems, a mixer is 

needed in this case to move fluid molecules 

from one enriched region of the stream to 

another as shown by the arrow in Figure 3. 

And so while very little mixing is needed for 

high-pressure mixing designs in the ideal 

case (Figure 2, scenario 1), non-ideal behav-

ior of this type of pump requires that a mixer 

be added to smooth out the short-term 

variations in mobile phase composition.

Impact of Inadequate Mixing

on Chromatographic Performance 

The two major practical consequences of 

inadequate mixing are noisy detector base-

lines and poor retention time precision. The 

extent to which each of these is actually a 

problem in practice depends on a large 

number of experimental details, and a thor-

ough discussion of all of them is far beyond 

the scope of this piece. However, a com-

parison of detector signals under typical 

operating conditions with and without mix-

ing will illustrate the point that the extent of 

deliberate mixing in the system can have a 

big effect on the observed signal. Figure 4 

shows absorbance signals from a UV detec-

tor when pumping 25:75 acetonitrile:50 

mM ammonium formate in water from a 

high-pressure mixing pump, both with and 

without a mixer installed. The effect of the 

mixer is to smooth out short-term variations 

in mobile phase compositions, which obvi-

ously makes the detector baseline appear 

much less noisy. It is easy to imagine how 

these kinds of variations without mixing 

could lead to poor precision in retention 

time as well.

When Should We Consider 

Using a Different Mixer?

As with a lot of other method develop-

ment decisions in LC, the analyst must 

decide whether the mixer in use yields 

a level of performance for the method 

that is sufficient for the application at 

hand, and explore alternatives when it 

is not. Some applications are consider-

ably more demanding than others in this 

regard. One that is particularly challeng-

ing, yet very important and in widespread 

use, involves the use of trifluoroacetic 

acid (TFA) in the eluent, reversed-phase 

LC columns, and gradient elution. Such 

conditions are very commonly used for 

separations of complex peptide mix-

tures, as well as mixtures of other hydro-

philic amine-containing compounds. 

This is a particularly challenging case 

because not only does TFA absorb UV 

light at the same wavelengths that are 
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FIGURE 4: Comparison of UV absorbance signals (220 nm) obtained without a column 
installed, while pumping 25:75 acetonitrile:50 mM ammonium formate at 0.5 mL/min. 
The pump is a high-pressure binary mixing system (Agilent 1290, Infi nity II). The outlet 
of the convergence point was connected directly to the detector with 100 cm x 120 μm 
i.d. PEEK tubing, with or without the mixer installed.
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FIGURE 5: Comparison of UV absorbance signals (214 nm) obtained with different mix-
ers in use. The same pump was used as in Figure 5, but now with a column (30 mm x 2.1 
mm i.d. Agilent SB-C18) in use, and gradient elution. Solvent A is 0.1% trifl uoroacetic 
acid in water, solvent B is 0.1% trifl uoroacetic acid in acetonitrile, and the gradient runs 
from 2 to 40% B in 4 min.
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used to detect peptides (most commonly 214 nm), but TFA 

itself is slightly retained by reversed-phase columns in water-

rich mobile phases. This means that short-term variations in the 

mobile phase like that depicted in Figure 3 can lead to waves 

of TFA moving through the column as pulses of acetonitrile-rich 

mobile phase cause local decreases in retention of TFA and 

thus transient increases in elution of TFA from the column. 

Figure 5 shows a comparison the UV absorbance baselines 

observed under these conditions, with two different mixers in 

use. This example clearly shows the benefit of using a larger 

mixer in this case, as the baseline becomes much smoother.

How Much Mixing is Enough?

One thing I have not touched on specifically in this article is mixer 

design. This is, in part, because there are too many different designs 

in use to cover in one article! However, although some designs 

undoubtedly are superior to others, it is wise in most cases to stick 

with the design supported by the manufacturer of your pump where 

possible. In cases where the pump manufacturer has limited offer-

ings for different mixers, then, in principle, it is possible to mix and 

match pumps and mixers because almost all mixers in use today are 

passive devices—that is, they do not require power and do not have 

any moving parts. Readers interested in more details associated 

with specific mixer designs will find quite a lot of discussion on this 

point in Kromidas’ book (3).

Although I just made the case that there should not be anything 

standing in the way of adding a large mobile-phase mixer to an LC 

system, it is very important that the user understand the consequence 

of adding a substantial mixing volume to the system. Any element 

that adds volume to the flow path between the fluid convergence 

point in a pump and the LC column will increase the gradient delay 

time. Again, this is the difference between the time that a change in 

mobile-phase composition is made at the convergence point and the 

time that this change arrives at the column inlet. Adding a mixer with 

a volume of 35 μL to a system that is running at 1 mL/min. will not 

be very consequential because it will only change the gradient delay 

time by 0.035 min (~2 s). But, adding a larger volume (say, 200 μL) to 

a system running at 100 μL/min will have a much bigger effect, as this 

will increase the gradient delay time by 2 min! The effects of a large 

change like this will be numerous when gradient elution is used, and 

so should be made with care. A short list of changes that should be 

expected includes: significant (absolute) increases in retention times, 

significant changes in selectivity (relative retention), and increases in 

analysis time because of the slower arrival of the gradient start at the 

column, and longer time required to flush strong solvent from the 

system at the end of the gradient elution program. 

Summary

The performance of LC pumps has been improved dramatically in 

terms of mobile-phase composition precision and accuracy com-

pared to what was possible in the earlier days of modern LC. This 

has led to a significant reduction in mixer volume and concomitant 

decreases in gradient delay time, which has been very helpful for 

increasing throughput of LC methods, reducing solvent waste, and 

enabling higher performing two-dimensional LC methods. How-

ever, even with the best available pumps, mixers are still needed, 

and the size of the mixer that is optimal varies somewhat by applica-

tion. A more detailed understanding of why mixers are needed and 

when a change in mixers is warranted should lead to better method 

performance and improved method transferability in the future.
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