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Ropinirole and citalopram in human plasma [1 ng/mL];
sample prepared with Oasis MCX µElution plate SPE.

1 ng/mL Ropinirole  
SPE Recovery = 91% 
Matrix Effects <5% 
N = 40 RSD = 4.6%

1 ng/mL Citalopram  
SPE Recovery = 92% 
Matrix Effects <5% 
N = 40 RSD = 5%

Linearity [0.005 to 10 ng/mL]:  r2 = 0.998

In the first decade, new proprietary 
as well as open-source cartridge for-
mats were added in response to needs 
based upon sample volume and ma-
trix, automation, convenience, and 
safety. The most recent format is the 
patented 96-well µElution plate.*

*R.P. Fisk et al., U.S. Patent 7,723,236 
[2004]

A variety of sorbents for normal- and 
reversed-phase, ion-exchange, chem-
ical-affinity, scavenger/scrubber, and 
in situ derivatization applications con-
tinue to be developed.

Batch-to-Batch Reproducibility of Oasis HLB Sorbent — 
A Decade of Dramatic Consistency

No Batch Reservations Needed: Consistently high recoveries over more than 10 years of production.
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Procanamide – 1.90% RSD Ranitidine – 1.68% RSD Acetaminophen – 1.65% RSD

Recovery  for: 

Ongoing GOALS: Citius = Faster [throughput]; Altius = Higher [recovery, reproducibility, sensitivity]; Fortius = Stronger [retention & selectivity]

Prior Art—Inspiration Classic Invention
24 October 1977

* P.D. McDonald, R.V. Vivilecchia, and D.R. Lorenz, 
U.S. Patent 4,211,658 [1980]

Keys to Rapid Adoption 
& Sustained Growth

Original Proposal
Sample Preparation Project

June 1977

Find a new way to do sample prep
“using ... LC Technology”

HLB Sires a Family

A decade of dramatic consistency:
batch-to-batch reproducibility of HLB sorbent

1996 Invention
Water-Wettable HLB Copolymer

for Reversed-Phase SPE*
Enabling Technology for

High-Throughput 96-Well Plates 

* E.S.P. Bouvier, R.M. Meirowitz, & P.D. McDonald, U.S. Patents 5,882,521 
[1996]; 5,976,367 [1998]; 6,106,721 [1999]; 6,254,780 [2001];  

6,468,422 [2002]; 6,726,842 [2004]; 6,773,583 [2004];
P.J.J. Lee & J.E. O’Gara, U.S. Patents 6,322,695 [2001]; 

7,232,520 [2007]
HLB = hydrophilic/lipophilic balance
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Invention – Oct 1977 7

Use Chromatographic Principles to Perform 
Sample Cleanup as well as Analysis [21]

Analytes:  Vitamins A palmitate [RDA:  2.75 mg], 
E acetate [22 mg] and D2 [10 g]
Matrix:  14 g Product 19 Cereal
Extraction Solvent:  50 mL Freon TF*
CLSE Column:  2 cc silica [SA: 300 m2/g; 3% 
moisture w/w] in glass pipet; load 10 mL 
extract (nominal 10% RDA); wash w/1 mL 
hexane; elute in 2 mL hexane/EtOAc 70/30 
HPLC Column:  Bondapak™ CN, 3.9 x 300 mm
Mobile Phase:  hexane/EtOAc 95/5 [v/v] 
Flow Rate:  2 mL/min
UV:  254 nm
Run Time:  <4 min injection to injection
*  A real discovery.  If hexane was used, breakthrough 
occurred in CLSE step.  

Key Experiment Defines Goals; New Format Created

1 David Lorenz
assembled 2 cc of silica 
between porous PE frits 
& Yuri Tuvim-designed 
SS endfittings (female 
Luer hub inlet) in 
irradiation-crosslinked
polyethylene tube.

Tubing was heat-
shrunk tightly around 
components.

Assembly performed
well but leaked slightly 
around SS fittings.

2 Richard Vivilecchia
suggested removing 
outlet fitting & letting 
tubing shrink to form its 
own outlet.

3 David discovered
that Luer syringe tip
fit snugly into shrunken 
tubing outlet.  Discarded
inlet fitting.  New SPE 
cartridge format was 
born [2].

David suggested
brand name: SEP-Pak
[Sample Enrichment & 
Purification].

Sep-Pak® Silica 
Cartridge bed:  1 x 2 cm

Later, Sep-Pak® C18 
Cartridge bed:  1 x 1 cm

Mixed-Mode 
Ion-Exchange Sorbents

Enable Simple Approach to
SPE Method Development

After 30+ years, 
still the most widely refer-
enced SPE product family*

>> 50,000 references
≥ 8x more than any

similar product

New Polymers
for Post-Synthesis 

Reaction Mixture Cleanup*

Making SPE a simple tool for 
medicinal/synthetic organic chemists 

Since fragile flowers such as jasmine, tuberose 
and daffodil cannot withstand heat, the technique 
of cold absorption was developed. This technique 
was very common in the Grasse region until the 
first half of the 20th century. Cold absorption con-
sists of spreading a layer of cold odourless fat onto 
sheets of glass held in frames; this fat is then cov-
ered with flowers that are regularly replaced with 
fresh ones until the fat is saturated with fragrance. 
These perfumed pomades can either be used 
to manufacture cosmetic products or mechani-
cally washed in alcohol to eliminate the fat, after 
which the alcohol is evaporated to obtain absolute. 
[source: www.fragonard.com]

• Convenient, efficient, disposable, 
miniature column format.

• Reproducible sorbents, QC for SPE. 
• Packaging that maintains sorbent/

product integrity until point of use.
• Wide range of initial applications.
• Methods use LC principles.
• C18 [reversed phase] ideal mate for 

complex aqueous samples: trace 
enrichment; environmental/food/
ag/biological extracts, etc.

• Competitive explosion after 2.7-yr 
induction period.

• Commitment to quality.

First product shipped: 17 January 1978: 
Polyethylene-lined foil pouches maintained 
moisture specification of silica [1.8–3.2%] 
indefinitely. Ten-year-old cartridges in un-
opened pouches still passed rigid LC-reten-
tion-factor QC test for water content.

Porapak™ family of copolymers was 
first developed more than 40 years ago 
for GC separations. New Porapak Rxn 
RP & CX sorbents, introduced August 
2008, benefit from this technical heri-
tage.

Neutrals Weaker
Bases

Weaker
Acids

For Bases
 pKa 2-10:

Use Oasis MCX 

For Acids
 pKa 2-8:

Use Oasis MAX 

For Strong Bases
 pKa >10:

Use Oasis WCX 

For Strong Acids
 pKa <1:

Use Oasis WAX 

Apply Protocol 2 

Prepare Sample

Condition/Equilibrate
Load Sample 

5% NH4OH 

Elute 1:
100% CH3OH

Elute 2:
2% HCOOH in CH3OH

Oasis 2x4 Method
Only 2 protocols and 4 sorbents to

analyze all types of compounds:
acids, bases, and neutrals 

Prepare Sample

Condition/Equilibrate
Load Sample 

Wash: Wash:
2% HCOOH 

Elute 1:
100% CH3OH

Elute 2:
5% NH4OH in CH3OH

Base Strong Acid Acid Strong Base 

Apply Protocol 1 

2–D SPE
for Cleanest Extracts,

High Recovery, Lower LOQ,
Minimal Matrix Effects*

UPLC/MS/MS chromatogram of the XIC for a sample of 
ropinirole in human plasma at the LLOQ of 0.005 ng/mL. 
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CLEANUP PROCEDURES

Using PoraPak Rxn CX: Strong Cation-Ion Exchange Catch-and-Elute and Pass-Through Protocols

Catch and Elute Pass Through

Wash Step
100%-methanol
fraction contains
more impurities,

acids and neutrals

Elution Step
5% ammoniated

methanol – fraction
contains bases

Condition Step
100% methanol

Load Step
Fraction collected

contains acids,
neutrals and

reaction solvent

Wash Step
100%-methanol
fraction contains

acids and neutrals

Recombine Load
and Wash Steps 

Condition with an organic solvent such
as methanol. This step is important to wet the sorbent.

Pour the reaction mixture into the cartridge.
Let the reaction mixture flow by gravity.

Catch-and-Elute Strategy –
elute bases using 5% ammoniated methanol

Pass-Through Strategy – the retained compounds are unwanted
reaction components; no need for further elution step.

Catch-and-Elute Strategy – the wash step contains
unwanted reaction components

Pass-Through Strategy – the analytes of interest are unretained
and are eluted in the wash. Combine the fraction collected

in the load step with this wash fraction

Pass-Through Strategy – the analytes of interest are unretained

Catch-and-Elute Strategy –
analytes are retained by ion-exchange interaction

Wash with 100% methanol

Condition Step
100% methanol

Load Step
Fraction collected

contains acids,
neutrals and

reaction solvent

True solid-phase extraction
Enfleurage [cold maceration]
Invented in ancient Egypt

• Decolorization with charcoal*
• RP column-liquid-solid extraction with XAD-2*  
• On-column derivatization*
• Liquid-liquid partition chromatography*
• Miniature columns for LLP & RP CLSE*
• Invention of radial compression**

* See references in: P.D. McDonald, ISC’98 Rome, Poster; 
PDF available—search for PMpISC98 on waters.com

** P.D. McDonald & C.W. Rausch, U.S. Patent 4,250,035 
[filed: 1975; issued: 1981]

* Search for 720000860EN 
on waters.com

* Learn more: search for 
720001692EN on waters.com

**

** Details on waters.com:
   search for 720002162EN * Details on waters.com;

search for 720002747EN
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C18 PTFE disk
14 mg/well

Oasis®  HLB
30 mg/well
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 35%  10%  2% RSD (n=96)

Procainamide Ranitidine Acetaminophen% Recovery

100
Effect of Drying on Recovery:
Oasis HLB vs. C18 sorbent

Drying Time [min]

% Recovery of acetaminophen

HLB

C18 cartridge

A revolution in analytical practice began with first commercial introduction of miniature silica-based column-liquid-solid-extraction devices.

* U.D. Neue and P.D. McDonald, Waters Whitepaper 
[2005]; search for 720001273EN on waters.com; 
E. Chambers, D.M. Wagrowski-Diehl, Z. Lu, and J.R. 
Mazzeo, J. Chromatogr. B 852(1-2): 22-34 [2007]

Oasis® HLB
Water wettable

Stable across pH 0-14
No silanol interactions

Hydrophilic
Retention of Polars

Lipophilic
RP Retention

Oasis® MCX

pKa <<1
1 meq/g

Oasis® MAX

pKa >18
0.25 meq/g

Oasis® WCX

pKa ~5
0.75 meq/g

Oasis® WAX
pKa ~6
0.6 meq/g

*

In Memoriam
Dr. Herman S. Schultz [d.1988]

He redeveloped syntheses for all Waters 
polymeric sorbents, and his pioneering 

experiments and mentoring efforts
made Oasis HLB possible.
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