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INTRODUCTION 
Maximizing selectivity is the most powerful approach to 
achieving selectivity in chromatographic separations.  For 
reversed-phase methods, numerous manipulations of 
conditions can affect selectivity, including for example, strong 
solvent identity, bonded phase, temperature, and so on.  For 
efficient assessment of separation space, an automated 
system must be developed to vary these parameters in a 
systematic way.  Many of these experiments are routinely 
performed with a modern HPLC, UHPLC, or UPLC.  The 
protocols used in these experiments do not usually fully 
incorporate the effect of pH. While the utility of this variable 
has long been recognized, it does not lend itself to easy 
automation. Recently, algorithms and hardware have been 
combined to control the pH of the mobile phase.  This includes 
buffer systems covering a wide pH range that are compatible 
with UV and MS detection.  This function has been 
demonstrated in automated method development protocols 
that combine systematic exploration of pH with the selection of 
different columns and alternative organic solvents. Small 
incremental changes in pH have been examined to find the 
optimum selectivity in the presence of fixed strong solvent 
conditions, both isocratic and gradient.  In small molecule 
reversed-phase separations, the effective pH ranges center 
around the pK’s of the analyte molecules.  The approach is 
particularly useful for structurally related molecules that differ 
slightly in pK. In the present study, an alternative approach 
has been tested.  The software embodying the control 
algorithms can be used to generate gradients of pH.  Such 
gradients have been used to maximize selectivity in 
separations of proteins in ion exchange systems.  Buffer 
systems have been developed for the reversed phase 
application that give stable, predictable, and reproducible 
gradients over the required pH range while maintaining 
detector compatibility.  We have applied pH gradients to a 
range of reversed-phase separations of small molecules 
representing pharmaceuticals, foods, and industrial chemicals.  
These automated pH gradients yield useful separations and 
offer an additional tool for chromatographic methods 
development. 
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METHODS 
Instrumentation 
QSM - ACQUITY UPLC H-Class Bio System 
SM-FTN -ACQUITY UPLC Sample Manager Flow Through Needle 
ISM - Isocratic Solvent Manager 
QDa - ACQUITY QDa Mass Detector (used for reversed-phase) 
PDA - ACQUITY Photodiode Array Detector 
 
All from Waters, Milford, MA 
 
Column 
ACQUITY UPLC BEH C18, 130Å, 1.7 µm, 2.1 mm X 50 mm 
XBridge BEH C18 Direct Connect HP Column,130Å,10µm,2.1 X 
30 mm 
 
Sample 
Reversed Phase Test Mix (0.45 mg/mL Sulfadimethoxine, 0.45 
mg/mL Terfenadine, 0.45 mg/mL Reserpine, 0.45 mg/mL 
Acetaminophen, 0.45 mg/mL Caffeine, 90ug/mL 
Acetamidophenol, 90ug/mL Acetanilde, 90ug/mL Acetylsalicylic 
Acid, 90ug/mL Phenacetin, 0.20 mg/mL Salicylic Acid, 0.20 
mg/mL 3-benzoylpyridine, 0.20 mg/mL Cortisone, 0.20 mg/mL 
4-nitroaniline,0.20 mg/mL 4,4’-biphenol 

 
Conditions 
 Mobile Phase: 

 Acid: 50mM Maleic Acid + 25mM Citric Acid +25mM 
Succinic Acid 

 Base:  50mM 4-methyl Morpholine + 50mM 
Morpholine +50mM Ammonium Hydroxide + 50mM 
Piperidine 

 Water 
 Acetonitrile 

 
 Conditions:  Isocratic at 10% Acetonitrile 
   0.6mL/min 
   40° 
   pH with Auto•Blend Plus  as in Figure 

RESULTS 

CONCLUSION 
 Mobile phase buffers giving stable pH control over 

a wide pH range can be generated from mixtures 
of weak acids and weak bases 

 
 Mobile phase pH can be programmed using 

Auto•Blend Plus 
 
 Chromatographic selectivity can be different in pH 

gradients as compared to constant pH elution 

Figure 1. Relationship between Mobile Phase pH and proportion 
of Buffer B.  Standard mixtures of the Acid and Base Compo-
nents of the Multi-buffer System were pipetted and the pH 
measured with a meter.  Each sample was 80% water. The 
composition is expressed as %B, and %A is 20% − %B.  The 
empirical table derived from these 21 points is used by the 
software to calculate the percentages required to deliver the 
programmed pH. 

 

%B pH %B pH
0 2.22 11 6.99
1 2.32 12 7.78
2 2.45 13 8.41
3 2.63 14 8.89
4 2.88 15 9.32
5 3.26 16 9.85
6 3.79 17 10.4
7 4.38 18 10.9
8 4.97 19 11.3
9 5.57 20 11.5
10 6.14
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AUTO●BLEND PLUSTM 
 

Auto●Blend Plus™ is a tool offered with the ACQUITY UPLC® H-
Class Quaternary Solvent pump. It is a combination of instru-
ment characteristics and software algorithms with a user inter-
face that lets us work in the units of pH and solvent composi-
tion.  Based on well-understood principles, Auto●Blend Plus™ 
calculates the proportion of solvents needed to deliver the user 
requested mobile phase composition. pH and solvent concen-
tration can be changed independently, simultaneously and ac-
curately. 
Auto●Blend Plus™ calculates the proportion of solvents needed 
to deliver the requested pH based on a user defined buffer sys-
tem. The buffer system includes the concentration of acid and 
base to be used along with organic and aqueous solvent 
strength. The calculation can either be based on the pKa or on 
an empirical table. In reversed phase separations the amount 
of organic has an influence on the pH. The empirical table pro-
vides a reliable basis for calibration.  

Figure 3. Mobile phase at pH 10.0.  The mixture was separated 
in an isocratic method with 90% Water: 10% Acetonitrile at pH 
10.  The selectivity for 3-Benzoyl Pyridine and Sulfadimethox-
ine is reversed.  The detector signal is, however, diminished 
with such loss of sensitivity that the conditions are not useful 
for such an analysis. 
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Figure 2. Mobile phase at pH 2.5.  The mixture was separated 
in an isocratic method with 90% Water: 10% Acetonitrile at pH 
2.5.  Peak shape is good with injection artifact effects for 3-
Benzoyl Pyridine and Sulfadimethoxine.  The last three peaks 
are resolved, but are too closely spaced to consider reducing 
run time or analyzing extreme concentration ratios. 
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pH 2.5 3-Benzoyl Pyridine
m/z 184

Sulfadimethoxine
m/z 311

Reserpine
m/z 609

Terfenadine
m/z 472

Figure 2. Mobile phase as pH Gradient, pH 10 to pH 2.5.  The 
mixture was separated in an isocratic method with 90% Water: 
10% Acetonitrile using a gradient of decreasing pH.  The order 
of elution is similar to that observed at constant pH 10.  The 
detector response is, however, much better than the pH 10 
analysis. For this combination of sample and mobile phase, the 
availability of pH gradients provides and additional tool for ma-
nipulation of selectivity.   
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