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

Classic Invention
24 October 1977

Original Proposal
Sample Preparation Project
June 1977

Sample Preparation Project - Feasibility Evaluation

Prior Art—Inspiration

o||d phase extractu)n Since fragile flowers such as jasmine, tuberose
( and daffodil cannot withstand heat, the technique
™ i of cold absorption was developed. This technique
g \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]

OBJECTIVES:

1. Solve a real analytical problem using LC technology exclusively.
(analysis of fat soluble vitamins--A, D, E--in various food matrices
and synthetic formulations)

2. Maintain time frame for entire analysis as short as possible,
no longer than 30 min from matfix to answer.

3. Find. new, faster, more convenient ways to do traditional

sample prep operations (filtration, evaporation, concentration, extraction

DeCOIOrization With Charcoal* iésiziﬁiiigéyc’:rude separations, etc.) using, whenever possible, our
RP Column_||qu|d_sol|d eXtraCt|On W|th XAD_Z* 4. Establish scope, scale, size, function of a disposable, 1 David Lorenz 2, Richard Vivilecchia 3 David discovered
proprietary product for sample preparation. .1 . . .
‘ assembled 2 cc of silica suggested removing that Luer syringe tip

between porous PE frits  outlet fitting & letting fit snugly into shrunken
& Yuri Tuvim-designed  tubing shrink to form its tubing outlet. Discarded

On-column derivatization*

5. Establish guidelines and procedures for solving other analytical
problems and for creating other disposables for this purpose.

I 1= I 1Fi X SS endfittings (female own outlet. inlet fitting. New SPE
LIqUId IIqUId part|t|0n Chromatography 6. Define product(s) or product package(s). (solution to Luerhubin%et)in cartridgef%rmatwas
o specific analytical problem including protocol, disposables, associated irradiation-crosslinked born.*
Mlnlatu re Columns for LLP & RP CLSE* hardware, general research and development package, etc.) pdyetl})l-ﬂenem}l:& X D;Vidsuggestedk
. . . sk k &. Get to product design and development as quickly as possible shrIrlllkltIilgghz;sarzitr;d [Slrsgqp?ea}giicsfnlz-eii&
Invention of radial compression omponeats burifeation)
F .n n e : t m /e e Assembly performed Sep-Pak® Silica
. I d W W d ‘ p p r p well but leaked slightly Cartridge bed: 1x2 cm
* See references in: P.D. McDonald, ISC'98 Rome, Poster; | d ay 0 O 5d around SS fittings. Later, Sep-Pak® Cg

PDF available—search for PMpISC98 on waters.com Cartridge bed: 1x1cm

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

‘using ... LC Technology”

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

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

Keys to Rapid Adoption
& Sustained Growth

e Convenient, efficient, disposable,
miniature column format.

e Reproducible sorbents, QC for SPE.

e Packaging that maintains sorbent/
product integrity until point of use.

e Wide range of initial applications.

e Methods use LC principles.

e C,, [reversed phase] ideal mate for
complex aqueous samples: trace
enrichment; environmental/food/
ag/biological extracts, etc.

First product shipped: 17 January 1978: e Competitive explosion after 2.7-yr
Polyethylene-lined foil pouches maintained induction period

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.
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e Use of Sep-Pak™ C18 Cartridges During the Isolation of Gangliosides

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 uElution plate.*

Rapid separation of neutral lipids, free fatty acids and polar lipids using prepacked silica sep-Pak ...
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>> 50,000 references
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similar product

* Search for 720000860EN
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*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.

e Commitment to quality.

Mixed-Mode
Ion-Exchange Sorbents

Enable Simple Approach to
H KZ";] e H /Nta SPE Method Development

Retention of Polars pKa >18
© 0.25 meq/g Oasis 2x4 Method

Only 2 protocols and 4 sorbents to
analyze all types of compounds:
Lipophilic acids, bases, and neutrals

‘/RP Retention OGSiS® WAX
pKa ~6

HLB Sires a Family™

Oasis® MCX Oasis® HLB Oasis® MAX

Water wettable
Stable across pH 0-14

1996 Invention
Water-Wettable HLB Copolymer
for Reversed-Phase SPE*
Enabling Technology for
High-Throughput 96-Well Plates

% Recovery B Procainamide [ Ranitidine || Acetaminophen

Effect of Drying on Recovery: 35% 10% 2% RSD (n=96) OQ o2 ) O, 0¢ meq/g
Oasis HLB vs. C]s sorbent 100 — - HE B - ¢OH 8K7G5~5 / &_I\?_' For Bases For Strong Acids For Acids For Strong Bases
% Recovery of acetaminophen 80 - . [ ] [ ] 5 neve O ¢ pKa 2-10: PKa gl: pKa 2-8: PKa >gl 0:
100 X l l l l @ — . " \Nﬂ\ Use Oasis MCX Use Oasis WAX Use Oasis MAX Use Oasis WCX
60 HSC«ZOOH l l l l l . . . Apply Protocol 1 Apply Protocol 2
. 40 l l l l l A decade of dramatic consistency:
20 C,, ca rtridge = =p= Prepare Sample Prepare Sample
® 20 batch-to-batch reproducibility of HLB sorbent = ——
00 p : B Condition/Equilibrate Condition/Equilibrate
Dry ing Time [ min] 0 - No Batch Reservations Needed: Consistently high recoveries over more than 10 years of production = =L
Cis C1s PTFE disk Qasis® HLB : yhng Y p ' Wash: Wash:
100 mg/well 14 mg/well 30 mg/well - 2% HCOOH 5% NH,OH
2 Elute 1: w Elute 1:
2 Acids Bases
* E.S.P. Bouvier, R.M. Meirowitz, & P.D. McDonald, U.S. Patents 5,882,521 S . '°‘:"t°”23_°" ‘°;%t”;3_°”
1996]; 5,976,367 [1998]; 6,106,721 [1999]; 6,254,780 [2001]; Recovery for 5% NH,OH in CH,OH 20 HCOOH in CH, OH

—— Procanamide — 1.90% RSD —#®— Ranitidine — 1.68% RSD —&— Acetaminophen — 1.65% RSD

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

* Learn more: search for
720001692EN on waters.com
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2-D SPE
for Cleanest Extracts,
High Recovery, Lower LOQ,

New Polymers
for Post-Synthesis
Reaction Mixture Cleanup*

Minimal Matrix Effects* o
Using PoraPak Rxn CX: Strong Cation-lon Exchange Catch-and-Elute and Pass-Through Protocols « S
Ropinirole and citalopram in human plasma[1 ng/mL]; UPLC/MS/MS chromatogram of the XIC for a sample of Catch and Elute Pass Through |
Sample preparEd W]th OaS]S MCX pEIUtlon plate SPE' rop]n]rOIe ]n human plasma at the I—I—OQ Of 0-005 ng/ml—- [ Condition Step ) Condition with an organic solvent such Condition Step )
100% methanol ) as methanol. This step is important to wet the sorbent. 100% methanol
.. V V
. .. 0.005 ng/mL Ropinirole LoadStep T e s LoadSep
1 ng/mL Citalopram 100 % & MRM o {g Ch2 nels ESSE Fraction collected — Fraction collected
SPE Recoverg =92% \ . ol >W ;QéA contains acids, contains acids, 2 =
_— . ) >] OX lEVEl ]n blank 4 neutrals and neutrals and
[I:]/Iatrz]].XOEI;fSeSts <550//° . \A reaction solvent reaction solvent [~ POl'a pak 1 967
-~ 40RSD - 5% | : S/N 125 — 2 ™ fami
u] | 4
o .j"h_c_'._.,,_o.'b__.o_, ”_o.bn 0.60 100 0 1.20 0 140 @ 1.60 '11?:0 200 @ 2.20 0 240 Qié.n--.-l. Iz.:n‘:mll :..-.:!ZDH ) Wash Step Wash Step ; P.0rapak famlly Of COpO/ymerS WaS
1 ng/mL Ropinirole ‘i . . o emettang ey ot ot n first developed more than 40 years ago
_ 0 o N i Yol A 48 et ) < 312 . . in the load step with this wash fraction . f ‘e .
= ;I:;Etr?xe ch)fveecrt!i < 590/(]) A) \ ] OO / argzrsez;:(]iprl:;]::‘ra;l’s Catch-and-Elute Strategy — the wash step contains acids andneutals for GC Sep ara tlons' Ne W Porap ak Rxn
°° - \_ J unwanted reaction components J .
N = 40RSD = 4.6% | Blank Plasma N o2 Chomel £5¢ V V RP & CX sorbents, introduced August
S I GO %) 95ed " Elution S 4 ) ) ) ) )
oZo | D40 oed | 0a0 1.0a 120 1 .40 1.60 180 @ 200 | 220 0 Zan 0 260 0 Zao0 @ 3,00 5% l;:?*:on:::)ed Recombine Load 2008, beneﬁt from thIS teChnICa/ herl-
| methanol — fraction and Wash Steps ta e
. . ins b sed for further elution step. .
Linearity [0.005 to 10 ng/mL]: r2=0.998 e e d p / g

Making SPE a simple tool for
medicinal/synthetic organic chemists
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