
GOAL
To demonstrate the effect of extra-column band 

broadening on UPLC® resolution. 

BACKGROUND
The high-efficiency separations achieved on 

sub-2-µm columns require a system that exhibits 

very low extra-column band spread. There are 

now several commercial LC systems modified to 

deliver fluid at high system pressures with reduced 

gradient delay volumes (compared to traditional 

HPLC systems). However, most have not developed 

solutions to manage extra-column band spread to 

the levels required by high-resolution separations. 

Attempting improvements such as tightening 

connections for high-pressure operation and/or 

increasing the pump delivery power to be deemed 

compatible with UPLC are simply not enough. 

In achieving high-resolution separations, systems 

cannot sacrifice the flexibility or ease-of-use 

required by laboratories. Ideally, a system 

designed for method development and/or 

routine analysis will include quaternary mixing 

capabilities, a needle-in-flow-path injector, and 

multi-column configurations while preserving low 

system dispersion for UPLC. This configuration 

allows for the greatest diversity of methods in a 

single system without adding extra complexity, 

which can make method optimization more chal-

lenging. A system designed with this versatility 

can be used across many different functional 

laboratories, ranging from R&D to QC.

Optimized System Dispersion  
for UPLC Performance in a 
Versatile LC Design

The ACQUITY UPLC® H-Class System’s ultra-
low dispersion delivers the highest efficiency 
separations of any commercially available LC 
system in a flexible and easy-to-use platform.

Figure 1. 10 s ballistic gradient on the ACQUITY UPLC H-Class System for some common  
anesthetics. The system’s minimized extra-column band spread maintains the extremely narrow  
 peaks generated on the ACQUITY UPLC sub-2-µm Column.

10 s Ballistic Gradient

50% Peak Width @ 13 ms

4.4% Peak Width @ 30 ms

Peak Area 
%RSD

Height
%RSD

Retention 
Time

%RSD

Benzocaine 0.28 0.45 0.43

Procaine 0.27 0.40 0.36

Tetracaine 0.29 0.33 0.31

10 s Ballistic Gradient

50% Peak Width @ 130 ms

4.4% Peak Width @ 300 ms

Peak Area 
%RSD

Height
%RSD

Retention 
Time

%RSD

Benzocaine 0.28 0.45 0.43

Procaine 0.27 0.40 0.36

Tetracaine 0.29 0.33 0.31
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THE SOLUTION
The ACQUITY UPLC H-Class System is a flexible 

platform that enables the user to run HPLC and UPLC 

applications without reconfiguring the system. This 

same design provides the low extra-column band 

spread required for high-efficiency UPLC separations 

and is typically 8 to 9 µL at 5-Sigma peak width. The 

system’s sample manager (SM-FTN) is designed for 

maximum flexibility with minimized dispersion. The low 

volume injection valve delivers reliable performance 

at the pressures required by UPLC. The injection 

port is located close to the inject valve to reduce the 

extra-column band spread within the injector. The newly 

designed column heater (CH-A) with active solvent pre-

heating adds minimal dispersion and achieves excellent 

column heating. This ensures that solvent entering 

the chromatographic column has reached the set point 

which reduces temperature gradients across the column 

(a source of on-column band spread). Post-column 

system dispersion is managed with a detector flow cell 

design that has a 500-nL volume but still provides high 

energy throughput for enhanced sensitivity. With all the 

components of the ACQUITY UPLC H-Class System so 

diligently designed for minimal dispersion, it is also 

important to minimize gradient delay to avoid the iso-

cratic elution of the more polar sample components. The 

system has advanced control capabilities for gradient 

delay reduction. Although the ACQUITY UPLC H-Class 

System was designed as a low-pressure quaternary 

gradient system for maximum flexibility, it can deliver 

the gradient to the head of the column at the same time 

as the sample. 

The result is unparalleled UPLC performance as shown in 

Figure 1. This 10 s ballistic gradient generated narrow, 

Gaussian peaks that were less than 30 ms at 5-Sigma peak 

width. The flow rate for this separation was 1.75 mL/min, 

which translates to a peak volume of 52.5 µL. 

Competitive systems claim to offer ‘UPLC-like’ capabilities, however if extra-column band 

spread is compared across these systems, the values indicate their system dispersion is 

not adequately managed as shown in Table 1. When compared to the ballistic gradient 

peak volume, competitive systems will add an additional 40% up to 100% dispersion 

to these UPLC peaks. Figure 2 demonstrates the effect of this additional dispersion on a 

typical UPLC separation. The same resolution cannot be achieved, due to the higher  

extra-column band spread. Although competitive systems may achieve high-pressure with 

such high system dispersion, they cannot offer UPLC performance.

SUMMARY
There are a number of contributing factors in achieving high-resolution UPLC separations. 

System design must be considered in order to achieve true UPLC performance. Although 

operating pressure and system volume are enablers of UPLC, the ultimate performance 

is only realized when system dispersion is optimized to match the resolving power of the 

chromatographic column.
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Figure 2. Comparison of a typical 
UPLC separation on the ACQUITY 
UPLC H-Class System and Vendor 
B’s UHPLC System.

Table 1. Extra-column band spread 
values measured across multiple 
vendors’ HPLC, UHPLC, and UPLC 
systems at 5-σ (4.4% peak height). 


