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THE APPLICATION OF ASAP TO THE 
ANALYSIS OF COMPLEX MIXTURES 
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INTRODUCTION 
ASAP (Atmospheric Solids Analysis Probe) 
developed by McEwen et al1 has been shown to be a 
useful tool for the rapid direct analysis of volatile 
and semi-volatile solid and liquid samples using 
atmospheric pressure ionization. ASAP analysis is a 
useful alternative to direct analysis in real time 
(DART) and desorption electrospray ionization 
(DESI) for the analysis of small molecules. 

The ASAP technique is capable of ionizing low 
polarity compounds not amenable to ESI, APCI and 
APPI at high sensitivity and can also be used for the 
analysis of complex samples without the need for 
any sample preparation.  

The ability of Ion Mobility Spectrometry (IMS) to 
separate ions based on their collision cross sectional 
area and charge state provides a powerful orthogonal 
separation technique when coupled with Mass 
Spectrometry for the analysis of complex mixtures.  

METHODS 
All analyses were performed using either a Waters LCT Premier 
XE or a Synapt HDMS system. A prototype ASAP device was 
used which replaced the instruments electrospray probe (Figure 
1). The source was operated in ESCi mode to facilitate the use 
of the electrospray desolvation heater in conjunction with a 
corona discharge. This configuration also allowed the LockSpray 
interface to be used for exact mass measurements (Figure 2). 

Samples were introduced on a sealed glass melting point tube 
and vaporized in a stream of heated nitrogen. The temperature 
of the nitrogen was ramped to control the vaporization of com-
ponents in the complex mixtures. The sample in the gas phase 
was ionized by proximity to a corona discharge needle. Ions 
then passed from the atmospheric pressure region into the 
mass spectrometer.  

The pharmaceutical tablets were cut with a scalpel to expose a 
clean surface with no tablet coating. The sample capillary was 
then wiped across this surface and analysed directly. All other 
samples were loaded directly onto the glass capillary without 
any sample preparation. 

RESULTS AND DISCUSSION 

TABLET FORMULATIONS 

Figure 1. Schematic diagram ASAP. 

Figure 2. Photograph of ASAP on the LCT Premier XE with 
LockSpray fitted. 

Without any sample preparation or chromatographic 
separation the active ingredients can be easily detected 
even when present at only a few mg in the formulated 
tablet. This shows the potential of using ASAP in the fast 
identification of unknown tablets in forensic applications and 
in combating the problem of counterfeit drugs which contain 
no active ingredient. 

Figure 4. Direct analysis of a 10mg tablet of the anti-anxiety 
drug Temazepam. 
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Figure 3. Direct analysis of Zantac™ (ranitidine) 75mg tablet 
used in the treatment of indigestion. 
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Figure 5 shows data from 1µL of neat urine, spotted onto the 
glass capillary, from a patient taking both paracetamol 
(1000mg) and dihydrocodeine (30mg). Paracetamol shows as 
the base peak of the spectrum with the naturally occurring me-
tabolite creatinine also being significant. The dihydro-codeine 
can also be readily detected and magnification of the m/z 280-
310 region of the spectrum (Figure 6) shows the presence of 
the metabolite dihydromorphine formed by demethylation.  

Figure 7 shows the spectrum and elemental composition report 
from an average of 4 scans taken earlier in the evaporation 
profile showing the presence of caffeine and paracetamol. 

This clearly shows that the ASAP technique is very sensitive 
and does not suffer from the same suppression effects associ-
ated with electrospray and APCI and that valuable information 
on the drugs taken and metabolites formed can be obtained 
from 1µL of a neat urine sample.  

POLYMERS 

Figure 7. Elemental composition report for paracetamol (m/z 
152) and caffeine (m/z 195) from an average of 4 scans from 
the neat urine. 

The polymer mixture was analysed by ASAP on a Synapt HDMS 
system (Figure 8) and the IMS-MS data was post-processed 
using a 3 dimensional peak detection algorithm ‘APEX 3D’ to 
determine m/z, drift time (DT) and intensity (Figure 9). Ion 
mobility separated spectra of the polyether glycol and poly-
styrene were readily extracted using this development soft-
ware. This approach has potential for wider application in the 
rapid characterisation of polymeric mixtures.  

Figure 8. ASAP analysis of polystyrene 1000 and polyether gly-
col 1000 mix. 
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Figure 9. Drift time vs m/z plot for ASAP IMS of polystyrene 
1000 and polyether glycol 1000 mix and extracted spectra.  
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CRUDE OIL 
To examine the possible application of ASAP IMS-MS in the 
analysis of a more complex mixture a sample of crude oil  
was analysed. 

Figure 11 shows the m/z vs drift time plot obtained for the 
data shown in figure 10 along with the position of detected 
peaks. 

Crude oil contains many different types of compounds including 
unsaturated and saturated, branched and straight chain hydro-
carbons, aromatic and heteroaromatic compounds, nitrogen, 
and sulphur containing compounds.  

Many of these compound types appear as homologous series 
with characteristic m/z and intensity profiles. 

Figure 12 shows an expanded region of the peak detected data 
shown in Figure 11 over the m/z range 350-450 and ion mobility 
drift time of 8-12 ms. Very clear structure is evident in this data. 

Figure 10. ASAP MS spectrum of crude oil. Expanded region, 
showing multiple peaks at each m/z value, is inset. 
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Figure 11. Drift time vs m/z plot for ASAP IMS MS of crude oil. 
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The major peaks shown in Figure 12 appear in a series of 
clearly defined bands running diagonally from left to right 
indicated by a red dotted line. 

Peaks within each of these bands are separated by 14 amu,  
(a single CH2 unit), from the corresponding peaks in the bands 
above and below.  

This structure represents the IMS separation of homologous 
series of compounds which make up this very complex mixture. 

The m/z and ion mobility information for this complex mixture 
may allow rapid fingerprinting of oils from different sources.  

CONCLUSION 
• ASAP provides a rapid method for the direct 

analysis of complex mixtures, such as urine 
and plasma, without any sample preparation 

• Non-polar compounds, such as those present 
in crude oil, which are not amenable to 
analysis by ESI or APCI are readily detected 
with good sensitivity 

• ASAP IMS-MS shows potential in the rapid 
fingerprinting of complex polymeric samples 

• The added dimension of IMS-MS in the analysis 
of a complex crude oil sample reveals clear 
patterns indicating structurally related 
components 
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Figure 12. Expanded region drift time vs m/z plot ASAP IMS 
MS of crude oil. 
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URINE METABOLITES 

Figure 5. ASAP analysis of neat urine (1µL ) after dosing with 
paracetamol (1000mg) and dihydrocodeine (30mg). 
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Figure 6. Expanded region of Figure 5 (m/z 280-310) showing 
the spectrum of dihydrocodeine and the dihydromorphine me-
tabolite formed by demethylation. 

m/z
280 282 284 286 288 290 292 294 296 298 300 302 304 306 308 310

%

0

100
302.1756

288.1609

298.0987

303.1795

dihydrocodeine 
<0.1mDa, <0.5ppm 

demethylation 

dihydromorphine 

O

O
CH3

N

OH

CH3

O

OH

N

OH

CH3



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (None)
  /CalRGBProfile (Apple RGB)
  /CalCMYKProfile (U.S. Sheetfed Coated v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket true
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Preserve
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile (None)
  /AlwaysEmbed [ true
    /Futura
    /Futura-Bold
    /Futura-BoldOblique
    /Futura-Book
    /Futura-BookOblique
    /Futura-ExtraBold
    /Futura-ExtraBoldOblique
    /Futura-Heavy
    /Futura-HeavyOblique
    /Futura-Light
    /Futura-LightOblique
    /Futura-Oblique
    /GalliardBldITC
    /GalliardBldITC-Italic
    /GalliardBldITC-Ultra
    /GalliardBldITC-UltraItalic
    /GalliardITC
    /GalliardITC-Black
    /GalliardITC-BlackItalic
    /GalliardITC-Italic
    /Goudy
    /Goudy-Bold
    /Goudy-BoldItalic
    /Goudy-ExtraBold
    /Goudy-Heavyface
    /Goudy-HeavyfaceItalic
    /Goudy-Italic
    /LinotypeZapfino-Three
    /Syntax-Black
    /Syntax-Bold
    /Syntax-Italic
    /Syntax-Roman
    /Trajan-Bold
    /Trajan-Regular
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 350
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 350
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName <FEFF0068007400740070003a002f002f007700770077002e0063006f006c006f0072002e006f00720067ffff>
  /PDFXTrapped /False

  /SyntheticBoldness 1.000000
  /Description <<
    /ENU <FEFF005700610074006500720073002000480069006700680020005200650073>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


