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Abstract

Stainless steel is commonly used in both high-performance liquid chromatography (HPLC) columns and
systems. The ease of manufacturing coupled with its high-pressure tolerance and generally good chemical
resistance makes it well suited for use in this application. However, it has long been known that certain
analytes can interact with stainless steel, primarily through ionic interactions of negatively charged analytes
with the metal-oxide surface layer. This phenomenon has been shown to occur for a variety of analytes,
including nucleic acids, acidic peptides, proteins, and glycans, as well as acidic small molecules. MaxPeak™
High Performance Surfaces (HPS) Technology was developed to mitigate these interactions and has been

deployed in both HPLC columns and systems.

To better understand the dependence of adsorption on analyte properties, a variety of acidic compounds were
selected and tested using both ACQUITY™ Premier Columns and conventional stainless-steel columns with
0.1% formic acid as the mobile phase modifier. We observed a correlation between the ratios of the peak areas
obtained using the two columns and the calculated analyte ionic charges. This indicates the potential for
predicting the severity of adsorption on stainless steel columns based on the acid/base chemistry of the

analyte.

Correlation Between the Adsorption of Acidic Analytes on Stainless Steel Columns and Their lonic Charge


http://www.waters.com

Benefits

= While the adsorption of acidic analytes on stainless steel surfaces in HPLC columns becomes increasingly
severe as their negative charge increases, MaxPeak Premier Columns mitigate this adsorption, resulting in

higher peak areas

Introduction

Stainless steel hardware has been shown to cause several issues in HPLC analyses, including adsorption of
acidic analytes and iron adduct formation for chelating compounds.1~8 These effects may be mitigated by using
ACQUITY Premier Columns and ACQUITY Premier LC Systems, which employ MaxPeak High Performance
Surfaces (HPS) Technology.5" This hardware modification bonds a hybrid organic-inorganic layer to the metal

oxide surface of the stainless steel, blocking interactions with analytes.®

Several studies have been carried out to investigate the mechanism of interaction of analytes with stainless
steel surfaces. Nakanishi and coworkers reported that adsorption of acids is greatest below approximately pH
7, where the metal oxide surface on 316 stainless steel is positively charged.’ Work reported by DeLano et al.
showed that the extent of adsorption is dependent not only on pH, but also on analyte mass load.810 While this
work and the others previously cited show the benefits of inert hardware for a range of analytes, there is a need
for more information to help predict which compounds will experience adsorption when using stainless steel

columns.

The work described here examined nine compounds with different acidic functionalities. The analytes were
tested using a MaxPeak Premier Column, as well as a conventional stainless-steel column, both packed with
ACQUITY UPLC HSS T3, 1.8 um particles. The ratios of peak areas for each analyte on the two columns were
calculated and correlated with the calculated ionic charge of the analytes. The mobile phases used for this
study contained 0.1% formic acid, a commonly used modifier when employing electrospray ionization mass

spectrometry detection.

Experimental

Sample Description

Stock solutions of each analyte were created at 1 mg/mL. Working solutions of each analyte were created at 50
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pug/mL in water.

LC Conditions

LC system:

Detection:

Columns:

Column temperature:

Sample temperature:

Injection volume:

Flow rate:

Mobile phase A:

Mobile phase B:

Gradient conditions:

MS Conditions

MS system:

ACQUITY Premier BSM System with PDA

UV @ 210 nm

ACQUITY Premier HSS T3, 2.1 x50 mm, 1.8 um
(p/n: 186009467)

ACQUITY UPLC HSS T3, 2.1 x 50 mm, 1.8 pm (p/n:
186003538)

30°C

10°C

Varies by compound

0.5 mL/min

0.1% Formic Acid in Milli-Q Water

0.1% Formic Acid in Methanol

Start at 100%A and hold for 2.00 minutes. Linear
gradient to 95%B in 6.00 minutes. Hold at 95%B
for 1.15 minutes. Return to starting conditions and
hold for 1.18 minutes. Total run time: 10.33

minutes.

Xevo TQ-S micro
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lonization mode: ESI Negative Mode

Capillary voltage: 1.5kV
Cone voltage: 20V
Desolvation temperature: 350°C
Desolvation gas flow: 650 L/hr
Cone gas flow: 0 L/hr
Detection: SIRs

Data Management

Chromatography software: Masslynx V4.1

Results and Discussion

To mitigate adsorption in the system, an ACQUITY Premier BSM system with a single column heater was used.
This system employs the same MaxPeak HPS Technology as ACQUITY Premier Columns. Additionally, periodic
injections of a strong ammonium hydroxide solution (0.3% by volume) were performed. These injections have
been shown to remove any adsorbed analytes from the system and column.!! Triplicate injections of the
ammonium hydroxide solution were performed after each set of injections for an analyte, i.e., every six
injections. Subsequently, three injections of Milli-Q water were performed to purge the system of the strong

ammonium hydroxide solution.

The stationary phase selected for this study was the HSS T3 sorbent. This sorbent has been shown to retain
polar analytes well while being compatible with 100% aqueous mobile phases.}? Two 2.1 x 50 mm columns
were packed with the sorbent, one using conventional stainless steel (SS) hardware and the other employing

MaxPeak Premier (MP) Column hardware.

The acidic probes were selected based on chemical structure, particularly the number and type of acidic
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moieties. Table 1 lists the compounds selected, the detection method used, their pK, values and the calculated
ionic charge at pH 3.0. The structures of the compounds are shown in Figure 1. Each compound was injected at

three different mass loads: 50, 125, and 250 ng on column.

Analyte ‘ Detection ’ pK, (1) ’ pK, (2) ch:'aglec:::a;:d:i.o
Ibuprofen UV at 254 nm 4.85 -0.014
Azelaic acid SIR at m/z187.21 4.55 5.53 -0.030
Succinic acid SIR at m/z 117.08 4.21 5.64 -0.060
Malonic acid SIR at m/z103.05 2.8 5.7 -0.615
Phthalic acid SIR at m/z165.12 2,76 4.92 -0.647
Propylphosphonic acid SIR at m/z123.07 1.81 8.18 -0.939
Propylsulfonic acid SIR at m/z123.15 -1.06 -1.000
1,3-propylenediphosphonic acid | SIR at m/z 203.05 1.6 2.6 -1.677
1,3-propylenedisulfonic acid SIR at m/z203.19 -1.97 -1.0 -2.000

Table 1. Analytes tested, detection method, pK, values, and calculated charge

at pH 3.0.
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Figure 1. Chemical structures of the analytes tested.

Each analyte was injected in six replicates at each mass load, starting with the low mass load. The testing
sequence is shown in Figure 2 to illustrate the sequence of injections performed on both the SS and MP
columns. The MP column injections were performed first, then the SS column was installed and the testing
repeated. The average peak areas for the six replicates were calculated, along with the standard deviations.
The ratios of peak areas obtained on the two columns were calculated for each analyte and mass load using

these average values. Table 2 shows the resulting peak area ratios and standard deviations calculated from the
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square root of the squares of the relative standard deviations for the individual peak areas.

File Name File Text

181 |lbuprofen_S0ugml_1ul Inject_SS_Rep01 |buprofen_Low Mass Load
7182 |Ibuprof en_50ugml_1ul Inject_SS_Rep02 Ibuprofen_Low Mass Load
183 | Ibuprofen_50ugml_1Tul Inject_SS_Rep03 Ibuprofen_Low Mass Load
184 | |buprofen_S0ugml_1ul Inject_SS_Rep04 Ibuprofen_Low Mass Load
185 | |buprofen_S0ugml_1ul Inject_SS_Rep05 |buprofen_Low Mass Load
186 | Ibuprofen_50ugml_1ul Inject_SS_Rep0& Ibuprofen_Low Mass Load
187 |Ammonia_Op3_Tul_15a Ammonia Wash
188 | Ammonia_0Op3_Tul_15b Ammonia Wash
7189 |[Ammonia_Op3_1ul_15c Ammonia Wash
190 |Water Blank_15a Blank. ‘W ater
7191 [water Blank_15b Blank Water
7192 |[water Blank_15¢ Blank \Water
7193 | Ibuprofen_50ugml_2p5Sul Inject_SS_Rep01 Ibuprofen_Mid Mass Load
134 |Ibuprofen_S0ugml_2p5ul Inject_SS_Fep02 Ibuprofen_Mid Mass Load
195 | |buprofen_S0ugml_2pSul Inject_SS_Rep03 |buprofen_Mid Mass Load
7196 | Ibuprofen_50ugml_2p5Sul Inject_SS_Rep04 Ibuprofen_Mid Mass Load
197 | Ibuprofen_50ugml_2pSul Inject_SS_Rep0S Ibuprofen_Mid Mass Load
7198 | Ibuprofen_50ugml_2p5Sul Inject_SS_ReplB |buprofen_Mid Mass Load

Figure 2. Screen capture of Masslynx sample list to illustrate the injection

sequence of the analytes and ammonia wash used for testing.

‘ Low mass ‘ Mid mass ‘ High mass
area ratio area ratio arearatio
Ibuprofen 0.86 + 0.03 0.85+0.02 | 0.83£0.01

Azelaic acid 0.91+0.08 0.83+0.02 0.86 = 0.04

Succinic acid 0.93 +0.10 0.91+ 0.10 0.93 £0.05

Malonic acid 0.76 £ 0.04 0.80 £ 0.03 0.82 £ 0.03

Phthalic acid 079 0108 0.94+0.03 | 0.91+0.03
Propylphosphonic acid 0.70 £ 0.04 0.83+0.03 | 0.89+0.04
Propylsulfonic acid 0.72 £ 0.05 0.82+0.04 | 0.85%0.03
1,3-propylenediphosphonic acid 0.27 £ 0.1 0.61+ 0.08 0.73 £0.02
1,3-propylenedisulfonic acid 0.27 £ 0.01 0:37%0.02 0.47 £ 0.03

Table 2. Peak Area Ratios (Peak Area on SS Column/Peak Area on MP Column)

plus and minus one standard.

Several immediate trends can be detected when examining the data. First, all of the peak area ratios are less

than 1, indicating that lower peak areas were observed for all of the compounds when using the stainless-steel
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column. Also, by comparing the results across the different mass loads, it is confirmed that the peak area ratios
are generally lower at lower mass loads. This phenomenon has been previously reported.619 Additionally, in
examining the low mass load peak area ratios of propylphosphonic acid to that of 1,3-propylenediphosphonic
acid, the latter has lower values. This was also expected as the more acidic functional groups presentin a

molecule, the more strongly it adsorbs on the metal hardware of the column.

Another observation, which can be seen in comparing the results for the sulfonic acids to those for the
phosphonic acids, is that for the compounds with one acidic moiety, the peak area ratios are comparable,
within 5% at each mass load. However, for the compounds with two acidic moieties, the sulfonic acid shows
considerably lower peak area ratios at the higher mass loads. Even at the high mass load, 1,3-
propylenedisulfonic acid has a peak area ratio of 0.47, while the diphosphonic acid has a peak area ratio of

0.73.

The compounds containing carboxylic acid groups, either one or two, have varying peak area ratios. Succinic
acid, for instance, has area ratios of 0.93, 0.91, and 0.93 across the three mass loads. Meanwhile, malonic acid
only achieves area ratios of 0.76, 0.80, and 0.82 across the mass loads tested. This indicates that, for
compounds with carboxylic acid groups, accurately predicting whether the compound will adsorb is not as
straightforward as looking at the chemical structure. Example chromatograms of an analyte obtained using

both a MaxPeak Premier Column and a stainless-steel column are shown in Figure 3.
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Figure 3. Smoothed SIR chromatograms of 1,3-propylenediphosphonic acid at
low mass load on a MaxPeak Premier Column and a stainless-steel column

with a linked vertical axis.

These observations can be explained by considering the calculated ionic charge of the analytes. Shown in

Figure 4 is a plot of peak area ratio as a function of analyte ionic charge for the low mass load injections. A
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definite trend is observed, showing that analytes with a more negative charge have lower peak area ratios, with
an R%value of 0.9187. The relationship may not actually be linear, but additional data at greater negative ionic
charges would be needed to check for non-linearity. This correlation becomes weaker as the mass load is

increased with the mid and high mass load plots having R? values of 0.8174 and 0.6746, respectively.
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Figure 4. Peak area ratios of the analytes tested at low mass loads vs
calculated ionic charge (error bars indicate plus/minus one standard

deviation).

Conclusion

The interaction of acidic analytes with stainless steel components in an HPLC system and column can lead to
several deleterious effects. First, and most dramatic, is the adsorption of these analytes to the metal surfaces,
leading to low peak areas and poor peak shapes. To better understand the dependence of adsorption on
analyte properties, nine compounds with varying chemical properties were analyzed using a conventional
stainless-steel column and a MaxPeak Premier Column packed with the same sorbent. Plots of peak area ratios
versus calculated analyte ionic charge show that the more negatively charged an analyte, the more adsorption
occurs on the stainless-steel column, leading to lower peak areas. MaxPeak Premier Columns and Systems are

effective at mitigating these interactions, providing higher peak areas and improved peak shapes.
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