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Abstract

This application note compares the performance of fully and superficially porous (fused-core) particle 

columns.

Benefits

XBridge and SunFire columns exhibit an approximately 3-fold higher efficiency than that of HALO columns at 

low pH. At high pH, XBridge columns demonstrated a 10-fold increase in column efficiency over that at low 

pH at the same mass loads.

Introduction

Since the introduction of high-performance liquid chromatography (HPLC) nearly 40 years ago, many 

improvements have been made to column stationary phases to achieve faster, more efficient separations. 

There are several ways of engineering a column in order to achieve these goals, including: increasing 

packed-bed homogeneity, decreasing intra-particle volume, narrowing particle-size distribution, and 

decreasing the diffusion distance—this can be achieved, in part, by using smaller particles. It is also thought 

that this may be achieved by using superficially porous particles that have a solid silica core and porous 

outer shell [1]. 

HPLC columns containing superficially porous (sometimes called fused-core) particles have recently gained 

increasing attention. Though this technology is not entirely new, it has been improved to the point where 

rapid, highly efficient separations can be achieved for some applications. For neutral compounds, 2.7-μm 

superficially porous particle columns were reported to have 70-80% of the efficiency of sub-2 μm, fully 

porous particles, and approximately 50-60% lower backpressure [2]. 

However a vast majority of the pharmaceutical drug compounds manufactured today are basic in chemical 

nature, so determining their chromatographic behavior on both fully and superficially porous particle 

columns has practical implications. Unlike neutral compounds, bases are ionized at low pH, and secondary 

interactions can occur with the stationary phase, causing asymmetric peak shape and efficiency loss. The 

goal of this work is to investigate the differences in separation performance between fully and superficially 

porous particle columns for routine analysis of basic pharmaceutical drug compounds. Major parameters of 



comparison are chemical stability, peak capacity (PC), and column efficiency at different mass loads.

Experimental

For chemical stability and mass loading studies, experiments were performed on an ACQUITY UPLC system 

equipped with an ACQUITY UPLC PDA detector. To determine chemical stability, a sample test mixture 

containing 50 μg/mL methyl paraben (prepared in H2O) was injected every 20 minutes and retention time 

was monitored. The mobile phase was 0.5% TFA in H2O. Flow rate was 1.4 mL/min. The column was heated 

to 60 °C. Injection volume was 2 μL. UV detection was performed at 254 nm using a sampling rate of 20 Hz 

(fast filter time constant). 

The effect of mass load on column efficiency was determined by injecting solutions containing different 

concentrations of diphenhydramine and amitriptyline (both basic analytes). The isocratic mobile phase was 

either 32% ACN, 68% 10 mM ammonium formate, pH 3.17 or 57% ACN, 43% 10 mM ammonium bicarbonate, 

pH 10. Flow rate was 0.5 mL/min. Column temperature was 30 °C. Injection volume was 5 μL, and UV 

detection was performed at either 240 nm (amitriptyline) or 220 nm (diphenhydramine). Sampling rate was 

40 Hz with no time constant. Samples were prepared in the corresponding mobile phase, and thiourea was 

used as the V0 marker. 

The peak capacity (PC) of fully and superficially porous particle columns was compared with a standard 

mixture of basic compounds, and also with a forced degradation sample (glimepiride). These comparisons 

were all performed on an Alliance 2695 Separations Module equipped with a 2998 PDA detector. Column 

dimensions used for these experiments were 4.6 x 75 mm. For separation of the standard mixture of bases, 

mobile phase A was 10 mM ammonium formate, pH 3. Mobile phase B was 100% ACN. The gradient was 

from 15–65% B in 13 min, hold at 65% B for 2 min, reset (24 min total run time). The flow rate was 1 mL/min 

and the column temperature was 30 °C. Injection volume was 10 μL, and UV detection was at 260 nm (5 Hz 

sampling rate, normal filter response). Peak capacity was measured using the peak width at 13.4% peak 

height (4σ).

For the forced degradation sample of glimepiride, mobile phase A was 0.1% TFA in H2O. Mobile phase B was 

0.1% TFA in ACN. The gradient was from 5-95% B in 11.36 min, hold at 95% B for 2.28 min, (17 min total run 

time). The flow rate was 1.9 mL/min and the column temperature was maintained at 40 °C. Injection volume 

was 18 μL, and UV detection was at 230 nm (20 Hz, normal filter time constant). The degradation sample was 

generated by first degrading two separate 0.25 mg/mL solutions of glimepiride (in MeOH) with 0.5N NaOH 



or 0.5N HCl at 60 °C for 90 min, respectively. The solutions were cooled, combined, and 5 μL of glacial acetic 

acid was added to neutralize the pH.

Results and Discussion

Chemical Stability

In order to improve the peak shape and retention of basic compounds in RP-HPLC, ion-pairing reagents 

such as TFA are used. However, these additives can potentially limit the lifetime of RP columns due to ligand 

hydrolysis. Therefore, the low pH stability of fully porous silica (SunFire), fully porous ethylene-bridged hybrid 

(XBridge), and superficially porous silica (HALO) particle columns was measured (Fig. 1). Methyl paraben 

retention was monitored over the course of 20 hours in 0.5% TFA (pH ~ 1.3) at elevated temperature.

Figure 1. Low-pH chemical stability of XBridge C18 , SunFire C18, and HALO C18 . Methyl paraben retention 

was corrected for system retention time. Column dimensions were 2.1 x 50 mm.



It is clear that the HALO column is the least stable at low pH. On this column, methyl paraben retention 

decreases by almost 40% over the course of the test, most likely due to gradual loss of the C18 ligand. 

Retention loss is also observed on the SunFire column, but to a much lesser extent. The SunFire column is 

almost three times more stable than the HALO column, due to difunctional bonding of the C18 ligand to the 

particle surface. Negligible retention loss was seen on the XBridge column, due to the fact that it contains 

hybrid particles with trifunctional bonding. These ethylene-bridged hybrid (BEH) particles have also been 

shown to have excellent high pH stability [3,4].

Peak Capacity

The ideal separation conditions for basic compounds involve high pH mobile phases. At high pH, bases are 

not ionized, and do not undergo secondary interactions with residual silanols on the stationary-phase 

surface. However, traditional silica-based stationary phases are not capable of routine operation at pH values 

>7 without severely compromising the column lifetime (<50-100 injections). As a result, chromatographers 

are limited to using silica-based RP columns at low pH conditions. Figure 2 shows the comparison between 

XBridge, SunFire, and HALO columns for the separation of a standard mixture of basic compounds in a low 

pH mobile phase.



Figure 2. Peak capacity comparison for a standard mixture of basic compounds. Peaks: (1) uracil, (2) pindolol, 

(3) quinine, (4) labetalol, (5) prednisone, (6) diltiazem, (7) amitriptyline. For conditions [pH 3], see text on p. 2.

The peak capacity for XBridge and HALO columns are nearly identical. The SunFire column has almost 60% 

higher peak capacity than the HALO column under the same conditions, indicating better peak shape for 

basic compounds at low pH. It is also interesting to note that the SunFire column gives slightly different 

selectivity (reversal in elution order of diltiazem and prednisone), that may be useful during HPLC method 

development.

Another comparison of peak capacity between these three columns was performed using a forced 

degradation sample (Fig. 3). Again, the HALO column has the lowest peak capacity for separation of low-

level impurities in the degraded sample. The XBridge column has the highest peak capacity (>10% higher 



than the HALO column), and the SunFire column is the most retentive. This example shows that there is no 

benefit to using the superficially porous Halo column instead of the fully porous, 2.5 μm XBridge or SunFire 

columns for “real-life” separations.

Figure 3. Separation of a glimepiride forced-degradation sample on XBridge, SunFire, and HALO columns. 

For conditions, see text on p. 3.

Effect of Mass Load on Column Efficiency

Maximizing the amount of sample that may be loaded onto an HPLC column is important for preparative 

purification and stability indicating methods, where a large amount of an active pharmaceutical ingredient 

(API) is injected in order to detect low-level impurities in the sample. As more material is loaded onto the 

column, the peak becomes wider, thereby decreasing column efficiency and resolution. The performance of 

fully and superficially porous particle columns was evaluated as a function of mass load for two basic 

compounds at low pH. Figure 4 shows the efficiency for amitriptyline on XBridge, SunFire, and HALO 



columns.

Figure 4. Efficiency of fully and superficially porous columns as a function of mass load. Amitriptyline was the 

test probe. Efficiency was calculated using the peak width at 4.4% peak height (5σ). Data were corrected for 

system band spreading

At low pH, the HALO column has the lowest efficiency at all mass loads. This is expected, in large part 

because it is superficially porous and has the lowest surface area (150 m2/g). At lower mass loads, the 

XBridge column has slightly higher efficiency than the SunFire column. As mass load increases, however, the 

XBridge and SunFire columns show similar performance. At the highest mass load tested at low pH, both 

XBridge and SunFire columns had ~ 3x higher efficiency than that of the HALO column. 

As described earlier, the best conditions for analyzing basic compounds by HPLC are with high pH mobile 

phases. While it is not possible to use mobile phases with pH values above 7 with silica-based stationary 

phases (i.e., SunFire and HALO columns), it is possible to operate XBridge columns at pH values up to 12 



with exceptional lifetime. Figure 5 shows the difference in peak shape and signal intensity for amitriptyline 

run at low and high pH on an XBridge C18 column.

Peak shape is dramatically improved at high pH due to the lack of secondary interactions of the basic solute 

with the stationary phase under these conditions. As a result, signal intensity for amitriptyline is more than 3x 

higher than that at low pH mobile phases. Finally, no significant deterioration in column efficiency was 

observed at high pH, even for higher mass loads (Fig. 4, uppermost curve, black squares). Under these 

circumstances, the efficiency for the XBridge column was more than 10x higher than that at low pH. The 

trends shown in Figures 4 and 5 were similar for diphenhydramine (data not shown).

Figure 5. Analysis of amitriptyline in low and high pH mobile phases on 

an XBridge C18 column.



Conclusion

The benefits of using appropriate fully porous particle HPLC columns with comparable particle size clearly 

outweigh those of using current superficially porous (fused-core) particle columns for the analysis of basic 

compounds. Among the columns examined in this study, the fully porous particle columns have superior 

chemical stability at low pH when compared to that of the superficially porous particle column. Under 

gradient conditions, both XBridge and SunFire columns have higher peak capacities than the HALO column 

for a standard mixture of bases, as well as a forced degradation sample of glimepiride. Finally, XBridge and 

SunFire columns exhibit an approximately 3-fold higher efficiency than that of HALO columns at low pH. At 

high pH, XBridge columns demonstrated a 10-fold increase in column efficiency over that at low pH at the 

same mass loads. This dramatic advantage of hybrid particle technology is most important for increasing 

throughput in preparative HPLC separations and as well as increasing capacity when developing superior 

stability indicating methods for impurity detection in APIs.
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