Analysis of Extractive Properties of Homogeneous Polymers Using Immobilized Liquid Extraction and GC-MS

Liguid Extraction {ILE) have employed this technigue.
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Introduction

Classical methods for extracting organie compounds from agqueous samples are generally based on either Hguid /Hgudd extractdon or Hguid fsolid extrsctdon employing solid phase extraction (SPE) disks or cartridges.
Muore recently, methods have been introduced using nom-extractable homogeneous sorptive polymers as extraction media. Solid Phase Micro Extraction (SPME), Stic-Bar Sorptive Extraction (SBSE), amnd Immaobilized

I this study, we cvaluated the extractive propertics of polydimethylsiloxance (PIDMS), as well as diphenyl and wrifluosspropyl siloscancs and siloxane blends using the ILE methed. ILE shares many fundamental principles
with traditional liquid-liquid extractions {LLE), In rraditional LLE, a compound partitiens beraeen ten immiscible lquid phases, usually an aquesus sample and an organic solvent, based on its affinity for each of the
liquids., ILE separations are wery similar; however, the Serganic solvent” is instead a thin layer of polymer (immaobilized liquid) that is coated on the serface of an ILE device.

ILE ﬂnpﬂ were used in this study. The septum of each ILE E-ap 5 coated with a thin layer of non-extraciable hamogeneous serpiive polymer which acts as the extraction medium. A sample is directly exposed to the

immodilized polymer to allvy analytes o partition from the sample into the polymer. Analytes which partition into the polymer (immabilized liquid) are desorbed into a small amount of GC solvent amd may b analyzed

immediately.

This study fnvestgates and evaluates extraction efficiency, enhancing or alterng selectivity, solvent phenomena and effects, and discusses other characteristics assoctated with a vardety of applications and extracting

phases. Applications tnvestigated in this analysis include the extractions of pesticides, PCBs, phenols and semdvolatlbes from water and more complex matdees ke julce or whole froit, as well as biologieal applications

including the extraction of diog mctabalines,

Materials & Methods
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: - " . . — . p— T . : acrylate cster to & diphenyl phase, This complex mechanism is illustrated in Figure 4. Metribuzin partitions poarly into the PDMS, irifluoropropyl, dipheny]l and even 2 EE £ B3
Fnlydlmeth}rlsﬂuxane [PDME}:I Tnﬂuumpm]:lylml.th}-l PUIFH]D}MHL Pnl}rdiphfn}rlﬁllﬂxmﬁﬁ Pnl}rﬂct?lﬂtf: Ester the PIIMS acrylate ester phases. In contrast, metribuzin partitions relatively well into the diphenyl/ acrvlate ester phase., & a 3 )
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H drug detection | isulating halogenated O | The phenomenon of solvent absorption permits an analyst 1o use a co-sobrent 1o accelerare and enhance his extraction. To do so, the analyst must add an amounn of :ﬂ,i.“,.; o
CH, compounds | o | R water-immiscible solvent to a sample thar is no greater than thar which may be absorbed by the polymer, When a co-solvent is used o assist partitioning into the 192,000 [
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Method o k. ol
For each extraction, an ILE Cap is placed on a sample-containing vessel in which the sample is spiked with known quantities of one or more analytes, A small aliquot of methylene chloride or another co-solvent is option- There are a few distinet advantages associated with this ability. First, both the rate and efficiency of the extraction are enhanced due to increases in both total solvent : etz brimig Fharcl
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section). The sample-containing vessel is agitated by a mechanical wrist-shaker, or another approprate method, such that the immobilized solvent (polymer) comes in repeated contace with the sample, thus allowing ana- certain compounds or compound groups. Por example, a polar solvent will enhance the ability of polydimethylsiloxane to extract hydrophilic compounds. %
Iytes to partition from the sample into the polymer. Agitation disrupts a boundary laver which forms at the sample-polymer interface, thereby reducing the amount of time required for analytes to partition to equilibrium. ¢
Upon completon of the extracdon, the analyre-laden cap ls removed froam the sample vessel and placed on a high recovery vial containing a small amount of GC solvent, This vessel Is agitated for a short pedod of dme o GthEI EK'IHEUVI: Eharactc ristics ﬂf PﬂlFmEI Mf.‘dlﬂ

Results, Interpretations and Conclusions

Mon-polar pobymers exhibin similar extractive properties o traditional extraction selvents, A commeonly wsed extractive polymer is polydimethylsiloxane (PDNS), It
has been experimentally shown that PDDMS exhibitg poladicy and exiractive properties similar o n-octanol. Thus, hydeephobic compounds partition beteeen an
aquesus matrix and PIMS with a partition ratio approximarcly equal to Ko/ w. Figure | displays the M5 responsc of a series of relatively non polar herbicides with
Lag I betoreen 340 and 4.9 that were extracted with a range of pobymer phases.

When predicting the extractive behaviors of more complex extractive elastomers, an analyst may base his predictions on such characteristics as the clastomer’s func-
tiomal groups. For example, an analyst might expect a polydiphenylsiloxane elastomer to display enhanced partisoning for aromatic compounds due to pi bending
potential -- a similar effect b extracting with toluene. One might al=o expect that a tril!']l.l.-lrrnpn:r]::,r] phase would provide enhanced ability to extract compounds with
lone :|'.|nir:nH'.|lI glectrons. This trend can be seen in Figunz 1, which shows that napropamaide is extracted most E'Frl.'l::iﬂl.'lﬂ}' by w lriﬂunmpmpyl sibicane blend.

When extracting acldic or basic compounds, it s often required thar the pH of & sample be adjusted o ensure that compounds remain in their non-londzed form,
There are, though, exceptons to this rule. Figure 2 shows extracton data for four herdsicides extracted ar neatral pH. The pEa for the tdazines ranges from 1.7 1o 4.3,
The pEa of bromacil is 9.1, Compounds which are easily ionized, such as bromacil and awrazine, exhibit very low exteaction efficicncy on non-polar polymers at
neuteal pH. In contrast, simewryn, which is weakly ionizable, is partially exteacted by the less polar FDDMS and the rrifluoropropyl phases, but not exiracied well by the
mvinee polar diphenyl phase, Prometon, on the other hand, was exiracied more efficicntly by the diphenyl phase than the wrifluoropropyl phase, All four compounds
were efficiently extracted by the 9074 PINMS / WP acrylate ester copolymer phase,

In order for an elasiomer o function as an extracting solvent, compounds of interest must be able fo dissolve in the polymer, Because extractive elastomers are paly-
meric in nature, predicting extraction efficiency becomes more problematic as a polymer increases in complexity. Unlike simple solvent systems, immaobilized liguids
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accelerate analyte desorpion from the polymer ine the GC solvent The resultant extract is analveed by gas chromarography coupled with mass spectrometry,
Exrractive polymer media avoid mary of the limitations associated with teaditional extraction wechnigues. Problemanic sample marrices that may otherwise pesult in

bt samiples of eequine additional preparative steps no longers present difficulry,

I I E Cap Prﬂ'ﬂﬁ dl.lff Agueous samples are often dirty, viscous or contain particulates. Extractive polymers are immune to clogging, and are not adversely affected by particulates or viscous 1 60 08 7 .
samples. Additionally, analyte breakthrough is avoided because all reactions are hrought o equilibrium. Furthermore, solvent emulsions do not form because the 900000 1:'/-/
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and placed on vial containing a small amownt of GO solvent — | — — — — — 11 1) B Cyanadn
E - Analyies desorped from polymer into solvent | . 8 3 Triaedryeon |
F - Analytes have fully desorped into solvent LLLL |] L_ — — L ' Conclusions

G - Remaining solvent exteact is analyzed by GC-MS
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The wse of polymers as extractive media is a seladvely new concept thar shows promdsing potential for a varery of applicadons. The simplicity of both the echnigue
and the reactions involved with the extraction, as well as the performance of the extraction media provide significant grounds o continee research in the science of
uzing polymers as extraction media. As a wider range of polymers and polymer blends are evaluated for their extractive properties, the ability fo easily extract specific
compounds or compound groups most effectively and efficienty will be realized.
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