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Abstract

This application note compares the performance of multiple LC systems for separation of a series of 
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anesthetics on a microbore Intelligent Speed (IS) column. Although significant benefits can be realized by 

fast LC on the ACQUITY UPLC System, the greatest benefits are achieved by UPLC separations.

Introduction

Since the introduction of the Waters ACQUITY UPLC System, many vendors have introduced modified high-

performance liquid chromatography (HPLC) systems designed for fast LC or ultrahigh- pressure liquid 

chromatography (UHPLC). These systems, which can yield satisfactory chromatography at an analytical 

scale (4.6-mm I.D.), where system volume and system bandspread have less of an impact on peak width, 

struggle significantly with microbore chromatography (2.1-mm I.D.). These low-volume separations require 

a system designed to maximize the separation efficiency to provide greater quality information for the user.

Liquid chromatography system vendors will claim improvements in resolution and sample throughput by 

migrating traditional HPLC methods to analytical-scale fast LC. Migrating a method from HPLC to fast LC is 

an attractive solution for businesses looking for ways to reduce the cost of analysis per sample and 

increase profitability; however the transition to an analytical-scale fast LC method only yields a small 

percentage of the solvent savings compared to converting the method to a microbore-scale fast LC method. 

Solvent consumption can be further reduced by nearly five times or 80% with a 2.1-mm I.D. column, 

compared to a 4.6-mm I.D. column of the same length, resulting in a significantly greater cost reduction per 

sample. In addition to the ACQUITY UPLC System being the world’s only UltraPerformance LC system, it is 

also ideally suited for fast LC or compressed chromatography (separation beyond the optimal linear 

velocity to maximize speed at reduced resolution), since it is optimized out-of-the-box for low dispersion 

chromatography.

This application note compares the performance of multiple LC systems for separation of a series of 

anesthetics on a microbore Intelligent Speed (IS) Column. Although significant benefits can be realized by 

fast LC on the ACQUITY UPLC System, the greatest benefits are achieved by UPLC separations. A 

comparison of multiple vendors for UHPLC performance is discussed in Waters Application Note, 

Comparison of a UPLC Method across multiple UHPLC Systems, no. 720003166EN.

Experimental

The method used to compare the six LC systems was as 



follows:

Sample: Anesthetic mix at 50 μg/mL in 

water

Column: IS XBridge C18, 2.5 μm 2.1 x 20 

mm

Injection volume: 2 μL

Temp.: 50 °C

Flow rate: 600 μL/min

Mobile phase A: 10-mM ammonium 

bicarbonate pH 10

Mobile phase B: Acetonitrile

Gradient: 25% to 75% B over 2 min (with 

re-equilibration as required 

for each system)

Detection wavelength: 220 nm

Data rate/filtering: Optimized for equivalency on 

each system

Needle wash: 70:15:15 

acetonitrile/isopropanol/water

Default wash parameters for 

each system

Run time: 2.5 min

Data: All Data were processed with 

Empower 2 Software



The same column, mobile-phase lot, and wash solvents were used on all the systems. Instruments were 

configured according to the manufacturer’s recommendations for low system delay volume. When 

possible, the shortest piece of 0.0025 in. I.D. tubing was used before and after the column. Depending upon 

the system, this included installing a microbore flowcell, reduced volume mixers, reduced volume tubing, 

bypass of pump components, and utilizing the bypass mode in the injector to further reduce gradient delay. 

Figure 1 shows the separation of the anesthetic mix on the ACQUITY UPLC System. No system modifications 

were necessary for the ACQUITY UPLC System since the stock configuration is optimized for ultra-low 

dispersion for both UPLC and HPLC applications, whether analytical or microbore scale.

Figure 1. Separation of six anesthetics by fast LC on the ACQUITY UPLC 

System.

Results and Discussion

For all the separation parameters assessed, the ACQUITY UPLC System, which was designed for high 

sensitivity and minimal band spread, easily outperformed all of the other LC systems for fast microbore LC. 

Figure 2 compares the separation for each of the LC systems with a fixed y-axis. Note that all of the other 

systems in the comparison had reduced sensitivity compared to the ACQUITY UPLC System. This was a 

result of the shorter pathlength of the microbore flow cells used to reduce the extra column band spread, 



and additional system dispersion. The other vendors’ systems were not designed to be compatible with 

high-resolution, low-volume separations. If the y-axis is normalized, as shown in Figure 3, the effect of the 

increased system dispersion and the higher gradient delay is dramatically highlighted. The separation on 

the ACQUITY UPLC System had significantly narrower peak widths than all of the other systems. 

Additionally, the early eluting peaks in the chromatograms had significantly greater peak widths than the 

later eluting peaks on most of the other systems. This demonstrates the impact of both extra-column band 

spread from the injector and increased gradient delay volumes.

Figure 2. Comparison of the anesthetics separation of six different vendors’ LC systems. The y-axis is fixed to 

demonstrate the impact of system dispersion and detector path length reduction of peak height.



Figure 3. Comparison of the anesthetic separation on the six different LC systems. The y-axis is normalized to 

demonstrate the impact of the system volume and system band spread of the peak shape.

A summary of the critical separation and peak parameters that were assessed is shown in Table 1. The peak 

capacity of a separation is defined as the number of peaks that can be resolved during the gradient time. 

This is typically reported at 4.4% of the peak height (5 Sigma), which is indicative of resolved peaks. Some 

LC-MS literature will calculate peak capacity at 1/2 peak height (which does not indicate the resolving 

power of a LC-UV separation); therefore, this value has also been included for comparison. The peak width 

ratio compares the width of the most polar and least polar components in the separation. If the system 

dispersion and gradient delay are minimal, these values should approach 1, indicating an efficient gradient 

separation.



Table 1. Comparison of critical separation parameters impacted by system volume and band spread.

*The number of peaks that can be separated during the gradient time (2 min) is based upon peak width at 4.4%. This value is based upon the 

average peak width of all six peaks in the separation. †A ratio of 1.00 indicates the peak widths of the first and last peaks are equivalent, and 

therefore the system dispersion is minimal. As the ratio increases, it indicates increasing system dispersion, which impacts the more polar 

components of the separation.

The elution time of the last peak is also an indication of the system volume as it requires the strongest part 

of the gradient to elute it off the column, and will define the final run time. When these values are plotted 

graphically, as shown in Figures 4 to 6, the performance benefits of the ACQUITY UPLC System (which was 

designed for high-resolution, low-volume separations) is dramatically realized. From these values, an 

assessment of the performance of each of the LC systems compared to the ACQUITY UPLC System can be 

made.



Figure 4. Comparison of peak capacity at 4.4% peak height highlights the increased resolving power of the ACQUITY 

UPLC System.



Figure 5. Comparison of the first-to-last peak width ratio deviation from 1 

(ideal) demonstrates the impact of band spread on early eluting peaks.



Figure 6. Comparison of the elution times of the last peak in the separation demonstrates the impact of system 

volume on the chromatographic run time.

The system from Vendor A required hardware changes to the pump and detector, as well as an injection 

loop bypass function in the instrument method to reduce the system volume. Even with these changes, the 

impact of the gradient delay volume was apparent. The peak capacity was 34% lower than the ACQUITY 

UPLC System, resulting in significantly less resolving power. The peak width ratio of the first and last peaks 

indicated dispersion in the more polar components, which typically results from the initial isocratic hold 

imparted by the increased gradient delay and extra-column band spread from the injector or column pre-

heating assembly. The increased gradient delay also caused longer elution times and therefore required a 

longer chromatographic run time. Additionally, Vendor A’s higher system volume required longer re-

equilibration times, resulting in even longer injection-to-injection cycle times.

The system from Vendor B did not require any hardware changes according to its system literature. The 

resulting separation had a peak capacity of 29, which was 43% lower than the ACQUITY UPLC System. 

Despite the significantly lower peak capacity, the peak width ratio indicated that the first and last peaks 

had very similar dispersion characteristics, with a ratio near 1. This would indicate that the greatest 

contribution to extra-column band spread in this system is post-column, likely in the flow cell and its 

internal connection tubing. Additionally, the elution time of the last peak indicates that the gradient delay 



of this system is higher than that of the ACQUITY UPLC System.

The system from Vendor C required hardware changes to the pump, autosampler, and detector, as well as a 

bypass function in the instrument method to reduce gradient delay. Even with all these system changes, 

the resulting separation had a peak capacity that was 31% lower than the ACQUITY UPLC System. The peak 

width ratio indicated that there was dispersion in the system that resulted from either the isocratic hold 

imparted by the gradient delay, or from the injector/pre-heating assembly. Also, the late elution time of the 

last peak indicates contributions to the run time from the gradient delay, even though significant system 

modifications and bypass mode had been implemented.

The system from Vendor D recommended only a microbore flow cell and a low-volume tube from the 

injector to the column to reduce system dispersion. There were no options available for the reduction of 

the gradient delay volume (either hardware or software). This system had the lowest overall performance 

for this comparison. The peak capacity was 57% lower than the ACQUITY UPLC System. The peak width 

ratio was the highest of all the systems compared, and the elution time of the last peak was 38% longer 

than the ACQUITY UPLC System. Although this system had some components (microbore flow cell and low-

volume tube) available to make it more compatible with fast microbore LC, it was definitely not intended to 

be used in this capacity.

As a point of comparison, the Waters Alliance HPLC System was also included. To make the system 

compatible with fast microbore LC, the microbore flow cell (Part no. 205000400 <

https://www.waters.com/nextgen/us/en/shop/service-parts--kits/205000400-flowcell-2998-microbore.html

> ) was installed. The system pre-column volume setting in the instrument method was configured for 650 μ

L to reduce the gradient delay volume. The resulting peak capacity was in 

line with the values that were achieved with the other vendors’ systems that were designed for fast LC and 

UHPLC. Additionally, the peak width ratios and the elution times achieved with the other vendors’ 

systems were in line with those of the Alliance HPLC System, not those of the ACQUITY UPLC System, 

indicating that these systems truly perform within the realm of HPLC rather than that of UPLC.

Conclusion

For this fast LC method, the ACQUITY UPLC System delivered a separation that had the greatest peak 

capacity, highest sensitivity, and fastest analysis time.

This application note demonstrates the impact of LC design differences upon the overall quality of the LC 

separation, and the subsequent quality of the results generated by the laboratory. Careful consideration 

should be applied to the selection criteria of new LC systems to ensure laboratory workflow is not 

https://www.waters.com/nextgen/us/en/shop/service-parts--kits/205000400-flowcell-2998-microbore.html
https://www.waters.com/nextgen/us/en/shop/service-parts--kits/205000400-flowcell-2998-microbore.html
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https://www.waters.com/nextgen/us/en/shop/service-parts--kits/205000400-flowcell-2998-microbore.html


compromised by the perceived “need for speed.” Today’s ideal LC platform has an intrinsically low 

dispersion volume and other fluidic design considerations that allow it to reliably and accurately run 

conventional LC separations, fast LC separations, and sub-2-μm LC.

The 2004 introduction of the Waters ACQUITY UPLC System had these objectives in mind, and represents 

the best choice for laboratories that want to leverage UPLC’s unique attributes to improve their workflow, 

and positively impact the bottom line of their businesses.
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