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Goals of Solid-Phase Extraction
Very Predictable Retention                
(no silanol interaction)
Organic Concentration
pH

Strai ghtforward SPE Method 
Development
One-Dimensional SPE Method            
(manipulate organic concentration)
Two-Dimensional SPE Method           
(manipulate organic and pH)
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Limitations of 
Traditional Silica-Based SPE 

Strong Retention of Basic Compounds         
(Silanol Interaction)                                       
Breakthrough of Polar Analytes
Sorbent Drying Effect                                   
(All Wells in a 96-Well Extraction Plate 
Must Be Carefully Controlled)                           



Oasis™ HLB Sorbent: 
Hydrophilic-L ipophilic B alanced 

Copolymer

“water loving”
Provides wetting properties
Allows sorbent to run dry without 
loss of recovery and 
reproducibility

“fat loving”
Provides reversed-phase 
property for analyte retention

Hydrophilic
monomer

Lipophilic
monomer

N
O
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Drying Effect on Recovery: 
C18 vs. Oasis™ HLB Cartridges
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C18 (1cc/100mg) HLB (1cc/30mg)

* No Impact of 
Sorbent Drying

* No Silanol 
Interaction

* No Breakthrough 
of Polar Analytes

Bouvier, Caparella
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One-Dimensional SPE 
Method Chart:

Load
no organic to retain analytes

Wash
5% MeOH to remove 
proteins in matrix

Elute
high organic  to 
elute the analytes

1

2

30% 5% 100%
% Organic

1 2 3
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Results of 1-D SPE Method
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                     RSD < 5.0%Capparella, Cheng, 
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SPE Method Chart:
2-D SPE Method (Bases)

Load
low pH to release bound drugs
no organic to retain analytes

Wash
5% MeOH to remove 
proteins in matrix, high pH 
to retain analytes

Elute
low  pH to elute the 
analytes

Wash
high pH to retain the 
analytes; high MeOH to 
remove interferences

1
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% Organic
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pH

High 
pH
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Determination of % MeOH in 2-D SPE 
Method Using Oasis™ HLB Sorbent

Condition/Equilibrate 
20 Cartridges/Wells

1 mL methanol/1 mL water

Load
1 mL spiked saline solution

Prepare Analytes 
in Saline

first 10 last 10 
Elute

acid in various % 
methanol in water

Elute
base in various % 
methanol in water

e.g. 2% 
NH4OH

e.g. 2% 
HAc

0 20 40 60 80 100

% MeOH

0

50000

100000

150000

Verapamil,
nor-Methyl
Verapamil
Verapamil,
Methoxy

0 20 40 60 80 100

% MeOH

0

50000

100000

150000

200000

Wash 
(base)

Elute 
(acid)

Cheng

 
Verapamil
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Comparison of SPE Methods: 
Verapamil in Plasma 

Cheng

Column: SymmetryShieldTM RP8, 
  5  µm, 3.9 x 150 mm
Temperature: 30°C
Mobile Phase: 50 mM Phosphate pH 7: 

acetonitrile:methanol 
(41:37:22); Alliance

Detection: UV at 230 nm
Flow Rate: 1.0 mL/min.

Injection Volume: 40  µL
 (after evaporation  and reconstitution
 in 200 µL water)

Peak Identification:
Peak 1: Norverapamil
Peak 2: Verapamil
Peak 3: Methoxyverapamil (I.S.)

2.
00

2.
00

4.
00

4.
00

6.
00

6.
00

8.
00

8.
00

10
.0

0
10

.0
0

M
in

ut
e

s
M

in
ut

e
s

0.
00

0.
00

2.
00

2.
00

4.
00

4.
00

6.
00

6.
00

8.
00

8.
00

10
.0

0
10

.0
0

M
in

ut
es

M
in

ut
es

0% 5% 100%

1

3
2

0% 100%

1

3

2 65%

4

5%

0% 100%

3

2

65%

4

5%

5

Sample

Sample

Sample

Blank

Blank

Blank

1

1

1 2

3

3

3

2

2

0.004 AU

1086420 min.

0.004 AU

0.004 AU

1



Copyright 1998 Waters Corpora

$PLWULSW\OLQH

'R[HSLQ

1RUGR[HSLQ

1RUWULSW\OLQH

9HUDSDPLO

1RUYHUDSDPLO

7UD]RGRQH

����&KORURSKHQ\O�SLSHUD

1DOWUH[RQH

$PSKHWDPLQH

0HWKDPSKHWDPLQH

� �� �� �� �� ���

1.1% (n=6) at 1.46 µg/mL 
0.7% (n=6) at 1.00 µg/mL 

0.9% (n=6) at 0.50 µg/mL 
1.3% (n=6) at 0.62 µg/mL 

0.96% (n=12) at 0.14 µg/mL 

2.0% (n=12) at 0.09 µg/mL 
4.1% (n=46) at 1.44 µg/mL 

4.0% (n=46) at 1.56 µg/mL 

3.0% (n=92) at 4.00 µg/mL 
4.85% (n=8) at 0.70 µg/mL 

4.4% (n=8) at 3.50 µg/mL

 Urine
 PlasmaResults of 2-D SPE

(Oasis™ HLB 96-Well Extraction Plates & Cartridges)

Cheng, Bonin
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High Sensitivity LC/MS/MS Analysis 
Oasis™ HLB Cartridges and Symmetry® Column  

Concentration
of Enalapril & 

Enalaprilat

% Recovery
n=6

Enalapril

 Precision
%CV
n=6

% Recovery
n=6

Enalaprilat

 Precision
%CV
n=6

0.5 ng/mL 110.9 3.6 103.6 3.0
5 ng/mL 112.2 4.3 109.4 3.2
80 ng/mL 107.0 1.6 104.5 1.2

Internal Std. 91.1 94.3

PPD Pharmaco
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CH3
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COOH

Enalapril
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EnalaprilatAmphoteric Analytes 
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0 20 40 60 80 100

Procainamide
Acetaminophen
Theophylline
Dipropyl phth.

n = 8 wells

Waters Oasis™

10 mg Plate

High Sensitivity Analysis 
Usin g Low Elution Volume
(Oasis™ HLB Extraction Plate vs. Disk Plate) 

Recoveries in 150 µL  Elution Volume

Disk Plate 

% Recovery
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Goals of HPLC Separation  

Good Peak Shapes for Acids, 
Neutrals, and Bases
Independent of pH
Simple Mobile Phase

Excellent Reproducibilit y
Column-to-Column
Batch-to-Batch
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Factors Influencin g 
Reversed-Phase Stationary Phases

Hydrophobicity                             
(bonding density)
Silanol Activity                                 
(end capping)
Metal Contamination
Efficiency                                         
(packing efficiency)



Analyte: Amitriptyline (pKa=9.4)
Mobile Phase: pH 7 Phosphate/MeOH = 35/65

C18 Coverage, µmol/m 2

1
2
3
4
5
6
7

1.8 2.1 2.4 2.7 3 3.3

T

Impact of Hydrophobicity
on Peak Shape: 
       Tailing Factor vs. C 18 Coverage
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Impact of H ydrophobicit y
on Peak Shape: 

Selectivity (base/neutral) vs. C18 Coverage
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Amitriptyline

Impact of Silanol Activit y
on Relative Retention: 
        Selectivity vs. Endcapping



Al Content, ppm
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© Waters Corporation

Impact of Metal Contamination 
on Peak Sha pe: 
       Tailin g Factor vs. Al Content of Silica

OOOO

HO

Al 3+
O O

H

Si4+

O

Si 4+

O O

Analyte: Chlorpheniramine
Mobile Phase: pH 3 phosphate/ACN
                        (80:20)
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Reversed-Phase Packing with 
an Embedded Polar  Group
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reduces interaction with silanols�

�modifies selectivity

� improves water wettability



Batch-to-Batch Reproducibility: 
  SymmetryShield™ RP8   

Mobile Phase: 65 %Methanol
35 % pH 7 K  HPO

2 4

0 10Time (minutes)

Batch

B
A

C
D

© Waters Corporation

Basic Analytes Neutral AnalytesAcidic  Analyte
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The Evolution of 
Reproducibility

µBondapak
Nova-Pak® 
C18 Symmetry® 

C18
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µBondapak
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Oasis™ HLB

Conclusion

Unique Sorbent 
No impact of drying
No silanols
Extended pH range
Universal sorbent

Fast and Easy                             
Method Development

One-dimensional method
Simple method
One method, One result 

Two-dimensional method
Straightforward method

Cleaner extracts

Well Characterized Packing
Low silanol activity
Low metal contamination
Excellent reproducibility               
(lot-to-lot & batch-to-batch)

Simple HPLC                                     
Method Development

Simple mobile phases,                     
without any additives
Good peak shapes                     
independent of                                     
mobile phase pH                                        
(pH 2 to 8)

Symmetry® Column


