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Rationale: High‐throughput screening of biofluids is essential in monitoring concentration of

a variety of drugs to determine their efficacy and toxicity. Organosiloxane polymers prepared by

sol‐gel chemistry as sample supports, and electrospray ionization emitters in a single material and

as an alternative to paper substrates, is described in this study.

Methods: Hydrophobic drugs and hydrophilic streptomycin were analyzed by polymer‐spray

mass spectrometry with an LTQ‐Orbitrap mass spectrometer. Drug samples in urine (1–2 μL)

were deposited on an OSX polymer, allowed to dry, then electrosprayed from the polymer tip into

the mass spectrometer without sample pretreatment. The OSX polymers, whose polarity and

porosity can be controlled, were prepared by sol‐gel chemistry where methyl‐substituted

alkoxysilanes were hydrolyzed in the presence of a pore template and an acid catalyst.

Results: Five nanograms each of seven narcotic drugs were detected in <1 min (relative

standard deviation (RSD) of response <1% for each drug). Calibration curves of cocaine and

streptomycin in urine were used to establish the performance of the polymer. For sample 1

(n = 2), the mean recovery for cocaine was 81% with paper and 90% with polymer. Streptomycin

is detected with polymer, not with paper; for samples 1 and 2 (n = 3), mean recovery was 97% and

95%, respectively.

Conclusions: Organosiloxane polymers achieve more sensitive analysis than paper, allowing

for more accurate quantitation of both hydrophobic and hydrophilic drug compounds. The ability

to tailor the polymer polarity and porosity allows for the synthesis of a wide range of polymers,

and thus opens many possibilities for further development and applications.
1 | INTRODUCTION

Improving the management of a variety of diseases caused by

pathogenic organisms relies on the correct dosage of antibiotic drugs

for a patient. Measuring the concentration of antibiotics administered

to a patient as part of the dosing regimen is often done by repeated

measurements of the drug concentration over time to determine the

therapeutic range to sustain drug efficacy, avoid drug‐related toxicity,

and decrease multiple‐drug resistance. Streptomycin, the most widely

used aminoglycoside antibiotic used to treat infections in humans, is

a highly polar (hydrophilic) compound with narrow therapeutic index

(20–30 μg/mL) and toxicity (50 μg/mL), which may be severe or

irreversible.1 Between 29% and 89% of the administered dose is

excreted unchanged in the urine within 24 h.2 Streptomycin is also

used as a growth promoter in food‐producing animals with the

potential to develop streptomycin‐resistant pathogens.3 The detection

and quantitation of streptomycin in biofluids often requires the use of
8. wileyonlinelibrary.co
hydrophilic interaction chromatography (HILIC), an alternative form of

high‐performance liquid chromatography (HPLC), where uncharged

polar compounds are separated on polar stationary phases coupled

with mass spectrometry4 or matrix‐assisted laser desorption/

ionization time‐of‐flight mass spectrometry (MALDI‐TOF MS).5

However, these analytical methods suffer from increased time of

analysis because of sample pretreatment and labor‐intensive

chromatographic procedures. Rapid analytical methods based on MS

for high‐throughput analyses would provide important information on

proper dosing of these drugs during antibiotic therapy and their

detection in commercial food products.

Electrospray ionization mass spectrometry (ESI‐MS) has been

shown to be an invaluable tool in the analysis of chemical compounds

in a variety of different matrices, including biological fluids. In

conventional ESI, a small‐diameter capillary is used to generate the

electrospray that results in the formation of analyte ions. However,

one of the drawbacks of using a capillary is the danger of clogging.
Copyright © 2017 John Wiley & Sons, Ltd.m/journal/rcm 1651
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Over the past two decades, improvements to sampling and ionization

have been made, including the development of ambient ionization

techniques and ESI on solid substrates, such as metals and paper.6

These improvements have led the way for the development of

paper‐spray mass spectrometry, which is an appealing form of ambient

ionization mass spectrometry because only a small volume of analyte,

typically some biofluid, is deposited on the surface of the paper

support, allowed to dry, and then electrosprayed from the tip of the

paper into a mass spectrometer.7-10 This technique, which requires

no pneumatic assistance to transport analytes to the mass

spectrometer inlet, can be beneficial for use in on‐site therapeutic drug

monitoring in biofluids and in monitoring the quality of food products

and can allow for high‐throughput analyses. Open‐surface sampling

avoids the clogging problem of capillaries and allows for more choices

of sampling support materials, such as a synthetic polymer.

An important feature of sampling materials for ambient ionization

mass spectrometry is their polarity. Hydrophobic materials such as

polymethylmethacrylate and polytetrafluoroethylene have been

shown to have enhanced signal intensity and stability over less

hydrophobic materials used in desorption ionization techniques.11,12

Paper coated with a variety of different compounds has also been

shown to have enhanced performance as sample support in

paper‐spray mass spectrometry.13-22 We have found that hydrophobic

polymer sample supports allow for the detection of hydrophilic drugs,

such as streptomycin, that are not easily detected, if at all, using

paper‐spray mass spectrometry.

We describe here a modification of paper‐spray mass

spectrometry in which the paper support is replaced by a suitable

organic‐inorganic hybrid organosiloxane (OSX) polymer whose

porosity and chemical composition can be carefully controlled by use

of a sol‐gel process,24 allowing for facile modification of the polymer

surface (e.g., control of the surface hydrophobicity). The sol‐gel

process offers a simple, easy, and inexpensive route to make these

OSX polymers. OSX polymers are used for the first time as a sampling

support and an ESI emitter in a single material for the detection and

quantitation of hydrophobic narcotics (logP ~0.9 to 2.3, where logP

is the partition coefficient of the concentration of the compound in

octanol to water),24 and for the detection and quantitation of

streptomycin (logP −6.4),24 a hydrophilic antibiotic drug, which is not

detectable using paper‐spray mass spectrometry.
2 | EXPERIMENTAL

2.1 | Chemicals

Methyltrimethoxysilane (MTMS), streptomycin, dihydrostreptomycin,

lidocaine, narcotic drugs and their deuterated analogs were

purchased from Sigma‐Aldrich (St Louis, MO, USA) and used without

further purification. Narcotic drugs were purchased as 1 mg/mL in

methanol or acetonitrile: amephetamine, methamphetamine, 3,4‐

methylenedioxyamphetamine (MDA), 3,4‐methylenedioxymethamphetamine

(MDMA), 3,4‐methylenedioxyethylamphetamine (MDEA), morphine,

and cocaine. All solvents (MS‐grade) and hydrochloric acid were

purchased from Thermo Fisher Scientific (Waltham, MA, USA).
2.2 | Preparation of organosiloxane (OSX) polymer

OSX polymer was prepared by stirring 2.5 mL methyltrimethoxysilane

(MTMS) with 0.72 mL water, 0.18 mL toluene, and 0.035 mL

concentrated HCl for 15 min at room temperature. The reaction

solution was cast into the wells of a 24‐well polystyrene multiculture

plate at various volumes, ranging from 0.75 mL to 1.5 mL, then aged

and cured at room temperature for 21 h. The polymers were cut into

triangles (base ~1.3 cm, each of the two sides ~1.6 cm, tip angle

~49°) using conventional scissors. The polymer product was cleaned

of any unreacted starting materials by immersion in acetonitrile for

2 h followed by immersion in water for approximately 18 h. The poly-

mer triangles were dried under ambient conditions before use.
2.3 | Sample preparation

Each drug stock solution was prepared by dissolving the drug in water.

Drug‐spiked urine samples were prepared by directly adding the

appropriate volume of drug stock solution into urine.
2.4 | Calibration curves

Standard samples of streptomycin were prepared in urine. Linear

regression analysis was carried out on known added concentrations

of streptomycin against the peak intensity of streptomycin to

dihydrostreptomycin (internal standard). Standard samples of cocaine

in urine were prepared in a similar manner, and linear regression

analysis was carried out using isotope‐labeled cocaine‐d3 as the

internal standard. The regression coefficient (R2), slope, and intercept,

and equation of the resulting standard curves were determined.

Calibration curves for streptomycin in urine for polymer spray, and

cocaine in urine for both paper and polymer spray, are presented in

the supporting information.
2.5 | Polymer‐spray mass spectrometry

Scheme 1 is a diagram of the polymer‐spray setup. Sample volumes of

1 to 2 μL were loaded near the tip of a polymer or paper triangle. The

sample droplet was dried under ambient conditions for 1 h. The tip of

the polymer triangle was placed ~10 mm from the mass spectrometer

inlet. All polymer materials used in the experiments were prepared by

casting 0.75, 1.0, or 1.25 mL of reaction volume into molds. High

voltage (5 kV) was applied by connecting the back end of the triangle

to the HV power supply of the mass spectrometer via a flat stainless

steel alligator clip. For paper‐spray experiments, Whatman filter paper

(Grade 1; Fisher Scientific, Waltham, MA, USA) was used and the

same process used for polymer‐spray was used for paper‐spray. The

spray solvent was a 1:1 (v/v) or 9:1 (v/v) combination of methanol

and water with 0.1% by volume of formic acid.

Mass spectrometry was performed with an LTQ‐Orbitrap XL

(Thermo Fisher Scientific, Waltham, MA, USA). Mass spectra were

acquired across m/z 100–500 for narcotic drugs and m/z 200–640

for streptomycin. The capillary temperature was set to 275°C, and

the spray voltage was 5 kV. All mass spectra were acquired in

positive‐ion mode.



SCHEME 1 Diagram of polymer‐spray mass spectrometry
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Tandem mass spectrometry (MS/MS) of streptomycin was

performed on the molecular ion m/z 582.27 ([M + H]+) for structural

confirmation through collision‐induced dissociation (CID) with helium

as the collision gas in the CID cell. The normalized collision energies

were set to between 15% and 30% in the CID cell.
FIGURE 1 Photos of 1‐μL droplet of methylene blue in water on an
OSX polymer (left) and filter paper (right) taken just after deposition
of the droplets [Color figure can be viewed at wileyonlinelibrary.com]

TABLE 1 Average thickness of OSX polymers as a function of volume
of reaction solution casted

Sample support Volume (mL) Avg thickness (mm)

OSX 0.75 0.2 (n = 1)

OSX 1.0 0.42 ± 0.06 (n = 9)

OSX 1.25 0.58 ± 0.07 (n = 5)

Paper – 0.1 ± 0.02 (n = 3)
3 | RESULTS AND DISCUSSION

3.1 | OSX polymer

A methyl‐substituted alkoxysilane reagent was specifically chosen to

prepare the OSX polymers because the presence of methyl groups in

the polymer network produced a mechanically robust polymer that

avoids shrinkage and cracking during the ambient evaporation of

solvent from the polymer pores. Nakanishi and co‐workers25 reported

on the role that methyl groups in a sol‐gel polymer play in creating a

"spring back" effect unlike with polymers made with tetraalkoxysilanes

that are commonly observed to crack during ambient drying. Toluene

served as a pore template and as a solvent to control phase separation

of the polymer precursors during the hydrolysis and condensation

steps of the sol‐gel process. Other pore templates, such as polyethyl-

ene glycol and CTAC, used in the preparation of OSX polymers were

strongly imbedded in the polymer network and could not be

completely removed during the cleanup procedure. These templates

strongly interfered with the mass spectrometric detection of the drug

compounds and therefore they were avoided as pore templates. The

hydrophobic OSX polymer used in these experiments had a water

contact angle of ~95°. A drop of pure methanol deposited on the

surface spread across the polymer. Because of the hydrophobic nature

of the OSX polymer, spreading of an aqueous solution is minimized as

compared to paper, which is hydrophilic. Figure 1 shows a comparison

of the spreading of a 1‐μL droplet of methylene blue in water

deposited on the surface of filter paper and OSX polymer. The

methylene blue–water droplet is absorbed by the filter paper, resulting

in uniform distribution of the dye at the top and the back sides of the

filter paper. However, a similar volume appears as a small droplet on

the OSX top surface, maintaining a higher surface tension in response

to the hydrophobic surface of the polymer, and thereby concentrating

the sample to a smaller surface area than on filter paper. Methylene

blue is not observed on the back side of the OSX polymer, indicating

that the dye did not penetrate through the polymer.
The thickness of the polymer increased with increasing volume of

reaction solution used in casting of the polymer in the molds

(Table 1). However, the thickness of the polymer did not appear to

affect the performance of the polymer, although more care was

needed to align the thicker polymers to the inlet of the mass

spectrometer.

The polymers were characterized by scanning electron microscopy

(SEM). In Figure 2A, the surface topography of the polymer is

comprised of circular divots of diameters up to 10 μm. Unlike porous

filter paper having an average pore size diameter of 11 μm, the exterior

of the OSX polymer appears to have little macroscopic porosity. The

polymer network, however, contains a range of pores with diameters

up to 10 μm, as seen in Figure 2B. The connectivity of the pores is

http://wileyonlinelibrary.com


FIGURE 2 Scanning electron micrograph of
OSX polymer, showing A, the surface
topography and B, the pores within the
polymer network
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unknown as it could not be determined from the SEM images.

Nitrogen adsorption porosimetry measurements of OSX polymers

could not provide surface area or pore volume information, indicating

that the pores are very tiny and not interconnected.

Signal was produced only when the polymer was wetted with the

spray solvent and voltage was applied to the polymer. A 20‐μL volume

of aqueous methanol spray solvent remained stationary on an

OSX polymer surface in the absence of an applied spray voltage

(Figure 3A). When a 5‐kV voltage was applied to the wetted OSX

polymer, a stable spray mist was observed from the tip of the polymer

triangle, as recorded by an optical camera (Figure 3B), similar to what

has been observed in droplet spray ionization using a glass micro-

scope coverslip where the spray solvent elutes along the top surface
of the glass.26When compared to paper under the same spray conditions,

theOSXpolymer exhibited significantly increased signal stability. Figure 4

shows the signal of anOSX polymer lasting about 6.5min as compared to

paper where the signal decreased around 0.3 min.
3.2 | OSX polymer‐spray of hydrophobic narcotic
drugs

Figure 5 demonstrates the utility of polymer‐spray MS for the

detection of seven narcotic drugs (1–7) and their deuterated analogs

(a–g) in urine, which is achieved in less than 1 min for 5 ng loading of

each drug and deuterated drug. The repeatability of polymer‐spray

for each narcotic drug using a hydrophobic OSX polymer triangle for
FIGURE 3 A, OSX polymer with 20 μL of 1:1
(v/v) methanol/water spray solvent deposited

on its surface and aligned in front of the inlet
of the mass spectrometer without any applied
spray voltage. B, a spray mist from an OSX
polymer with 20 μL of a 9:1 (v/v) methanol/
water spray solvent on the polymer surface
with an applied voltage of 5 kV [Color figure
can be viewed at wileyonlinelibrary.com]

FIGURE 4 TIC showing signal stability using
20 μL spray solvent, 1:1 (v/v) methanol/water
with 0.1% (v/v) formic acid for A, OSX polymer
and B, paper. Spray voltage: 5 kV

http://wileyonlinelibrary.com


FIGURE 5 Mass spectra of narcotic drugs (1–7) and their deuterated
analogs (a–g) in urine detected by polymer spray. 9:1 (v/v) methanol/
water spray solvent; 5 kV spray voltage; 1 μL sample loading. Drug
compounds: 1, amphetamine; 2, methamphetamine; 3, MDA; 4,
MDMA; 5, MDEA; 6, morphine; 7, cocaine; a, amphetamine‐d6; b,
metamphetamine‐d5; c, MDA‐d5; d, MDMA‐d5; e, MDEA‐d6; f,
morphine‐d6; and g, cocaine‐d3. Background peaks are marked by B
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each run is shown inTable 2. The response of each drug is measured as

the peak intensity ratio of a drug to its deuterated analog. The RSD of

response for each drug is less than 1%.

Two different samples of cocaine in urine were analyzed and

quantified using paper‐ and polymer‐spray MS. The calibration curves

obtained for both paper‐ and polymer‐spray covered a linearity range

of 0.033 to 33 μg/mL of cocaine in urine. The standard curves

demonstrated regression correlation coefficients (R2) of 0.999 for both

paper and polymer. Analyses of cocaine in samples 1 and 2 are shown

in Table 3. The analysis sensitivity of cocaine with the OSX polymer

was approximately 10% better than that for paper‐spray as observed

in quantitation experiments and the peak intensities higher by a factor
TABLE 2 Response (peak intensity ratio of drug:Deuterated drug) for
seven narcotic drugs using an OSX polymer for each run (n = 8)
electrosprayed at 5 kV with 9:1 (v/v) methanol/water spray solvent
with 1‐μL sample loading of 5000 ng/mL concentration of each drug in
urine

Drug Avg Response RSD, %

Amphetamine 0.907 0.027

Methamphetamine 1.05 0.02

MDA 1.08 0.01

MDMA 1.14 0.16

MDEA 1.23 0.01

Morphine 1.17 0.23

Cocaine 0.971 0.006

TABLE 3 Quantitation of two samples of cocaine in urine by paper‐
and polymer‐spray MS electrosprayed at 5 kV with 9:1 (v/v) methanol/
water spray solvent

Substrate Sample 1 (n = 2) μg/mL Sample 2 (n = 3) μg/mL

Paper 13.2 ± 0.9 4.16 ± 1.22

OSX polymer 14.7 ± 1.6 4.07 ± 0.11

Actual
concentration

16.3 3.67
of 2 compared to paper‐spray. Mean recoveries of 90.2% (RSD 10.9%)

and 81.0% (RSD 6.8%) were obtained for sample 1 by polymer‐ and

paper‐spray, respectively. The calculated concentrations for cocaine

in sample 2 by polymer‐ and paper‐spray were higher in both cases,

but the %RSD values were 2.7% and 29%, respectively. The favorable

elution of the drugs from the OSX polymer surface, and therefore the

higher analysis sensitivity of polymer‐spray for the quantitation of

cocaine in urine, may be attributed to (1) the localization of the

cocaine sample to a smaller area of the polymer surface thereby

concentrating the sample as compared to paper where absorption of

the sample results in spreading across a wider area, as seen in

Figure 1 for methylene blue in water, and (2) analytes may be 'trapped'

within the entangled cellulose fibers that comprise the highly porous

paper substrate, preventing all the analytes being sprayed into the

mass spectrometer. When paper was coated with silica, improvements

in the detection of pesticides in milk by paper‐spray MS were

reported.14
3.3 | Qualitative analysis of streptomycin by OSX
polymer‐spray

Hydrophobic drug compounds, such as the narcotic drugs described

above, have positive logP values and are detected by both paper‐

and polymer‐spray MS. In contrast, hydrophilic ones, such as

streptomycin, have negative logP values. The logP value of

streptomycin is −6.4.24 Unlike the narcotics, the hydrophilic

streptomycin is not detected using paper‐spray MS, but is detected

by polymer‐spray MS under the same conditions. With cellulose being

a polysaccharide, its surface is dense with hydroxyl groups. It is

believed that the polar groups of streptomycin interact strongly

with the hydroxyl groups of the cellulose fibers, limiting their

elution from the paper during the electrospray process. The

hydrophobic methyl‐containing OSX polymer may contain less

hydroxyl groups, making for weaker affinity of streptomycin to

the polymer surface, which may contribute to the more favorable

elution efficiency of streptomycin in polymer‐spray MS. Figure 6

shows the total‐ion current (TIC) and mass spectra of 1000 μg/mL

streptomycin deposited at a volume of 2 μL (2‐μg loading). As seen in

Figure 6, streptomycin peaks are observed when a spray voltage of

5 kV is applied to the OSX polymer wetted with 20 μL of 1:1 (v/v)

methanol/water spray solvent: the singly and doubly charged ions,

[M + 2H]2+ (m/z 291.63) and [M + H]+ (m/z 582.27), arise from

protonation and the singly and doubly charged ions are from the

hydrated form of the aldehyde group [M + H2O + H]+ (m/z 600.28)

and [M + H2O + 2H]2+ (m/z 300.64), respectively.27 The methanol

adduct, [M + MeOH + H]+ (m/z 614.29), is also observed.

Figure 7 shows full mass spectra obtained by depositing 1 or 2 μL

of a sample mixture of streptomycin (50 μg/mL) and the hydrophobic

drug lidocaine (50 μg/mL, logP 2.44)23 for comparison onto paper

(Figure 7A) and OSX polymer (Figures 7B and 7C) and applying 5 kV

spray voltage and 20 μL 1:1 (v/v) methanol/water spray solvent. In

Figure 7A, the [M + H]+ peak at m/z 235.2 for lidocaine is observed,

but no peaks can be attributed to streptomycin at a low sample

loading of 50 ng. When the drug sample is electrosprayed using the

OSX polymer, however, the streptomycin peaks are easily



FIGURE 7 Mass spectra of a mixture of
lidocaine (50 μg/mL) and streptomycin (50 μg/
mL) in water deposited on A, paper, 1 μL
loading; B, OSX polymer, 2 μL loading; and C,
OSX polymer, 1 μL loading. Lidocaine: 1
[M + H]+. Streptomycin: 2 [M + H]2+, 3
[M +H2O +H]2+, 4 [M +H]+, 5 [M +H2O +H]+,
6 [M + MeOH + H]+. Background, b. Spray
solvent: 1:1 (v/v) methanol/water with 0.1%
(v/v) formic acid. Spray voltage: 5 kV

FIGURE 6 TIC and mass spectrum of
streptomycin (1000 μg/mL) in water
deposited on OSX polymer. Spray solvent: 1:1
(v/v) methanol/water with 0.1% (v/v) formic
acid. Spray voltage: 5 kV. Sample loading: 2 μL
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distinguished at sample loadings of 100 ng (Figure 7B) and 50 ng

(Figure 7C): [M + H]2+ (peak 2), [M + H2O + H]2+ (peak 3), [M + H]+

(peak 4), [M + H2O + H]+ (peak 5), and [M + MeOH + H]+ (peak 6).

The paper‐spray mass spectrum (Figure 7A) shows many background

ions that arise from the untreated filter paper, unlike what is observed

in polymer‐spray (Figures 7B and 7C), but it is possible to remove

many of these interferences by a cleaning procedure.28

The [M + H]+ (m/z 582.27) was chosen as the precursor ion for

tandem mass spectrometry of streptomycin. The fragmentation of

the precursor ion to form stable product ions at different collision

energies is shown in Figure 8. Ring cleavage occurs at the glycosidic

oxygen. The observed product ions are similar to what has been

reported using liquid chromatography/tandem mass spectrometry.27
3.4 | Quantitative analysis of streptomycin by OSX
polymer‐spray

Quantitative analysis of streptomycin in urine by polymer‐sprayMSwas

achieved using the peak intensity ratio of the [M + H]+ (m/z 582.27) to

that of the corresponding [M + H]+ peak (m/z 584.29) of

dihydrostreptomycin added as an internal standard. The amount of

streptomycin in urine was quantified by preparing solutions spiked with

streptomycin at different concentrations. The calibration curve was

linear over a range of 20 μg/mL to 500 μg/mL of streptomycin in urine.

The regression correlation coefficient (R2) was 0.998. The analysis of

streptomycin in three urine samples is shown in Table 4. Mean recovery

of streptomycin from samples 1 (n = 3) and 2 (n = 3) were 97.5%



FIGURE 8 Tandem mass spectra of streptomycin (50 μg/mL) in water at normalized collision energies: A, 15%; B, 17%; C, 25%; and D, 30%.
Spray solvent: 1:1 (v/v) methanol/water with 0.1% (v/v) formic acid. Spray voltage: 5 kV

TABLE 4 Quantitation of streptomycin (m/z 582) in urine, using OSX polymer. Spray solvent: 1:1 (v/v) methanol/water with 0.1% (v/v) formic acid

Substrate Sample 1 (n = 3) μg/mL Sample 2 (n = 3) μg/mL Sample 3 (n = 3) μg/mL

OSX 39.0 ± 4.9 28.5 ± 1.5 31.3 ± 1.6

Actual concentration 40 30 25

Spray voltage: 5 kV. Sample loading: 1 μL.

Dihydrostreptomycin as internal standard (m/z 584).

DULAY AND ZARE 1657
(RSD 12.6%) and 95% (RSD 5.3%), respectively. The mean recovery

from sample 3 (n = 3, RSD 5.1%) was determined to be 20%higher than

the actual concentration, which is the lowest concentration of the three

samples. Of the administered dose of streptomycin for treatment of

urinary tract infections, 60–80%of the dose is excreted in the urinewithin

the first 4 h so, for a dose of 2–4 g/mL, 25–5000 μg/mL in urine can be

detected.29 A concentration of 50 μg/mL is considered to be toxic.1
4 | CONCLUSIONS

We have shown that an organosiloxane polymer is effective as a

sample substrate and ESI emitter in the analysis of drug samples without

pretreatment by ESI‐MS. When compared to paper, organosiloxane

polymer substrates allow for mass spectra of a hydrophilic drug at low

concentrations not detectable with paper‐spray MS. Organosiloxane
polymers achieve a more sensitive analysis, allowing for more accurate

quantitation of both hydrophobic and hydrophilic drug compounds. The

ability to tailor the polarity and porosity of the polymer allows for the

synthesis of a wide range of polymers, and thus opens many possibilities

for further development and applications.
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