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Why is Solvent Bad for Ionization?Why is Solvent Bad for Ionization?

Solvent in the gas phase limits ionization to Solvent in the gas phase limits ionization to 
molecules more basic than the solventmolecules more basic than the solvent

Exception is Exception is photoionizationphotoionization (not acid/base (not acid/base 
ionization) but still mediated by solventionization) but still mediated by solvent

Removing solvent and water vapor Removing solvent and water vapor 
from ionization region increases from ionization region increases 
types of compounds that can be types of compounds that can be 
ionized at atmospheric pressureionized at atmospheric pressure



ASAPASAP

AtmosphericAtmospheric--pressure Solids Analysis Probepressure Solids Analysis Probe
A rapid method for analysis of volatile and A rapid method for analysis of volatile and 
semivolatilesemivolatile compounds in solids, liquids, compounds in solids, liquids, 
polymers, and biological tissuepolymers, and biological tissue
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Safety FirstSafety First

ASAP vaporizes materialsASAP vaporizes materials
The ion source should be sealed during The ion source should be sealed during 
analysis (Just as ESI and APCI) andanalysis (Just as ESI and APCI) and
Vented to a hoodVented to a hood



ASAP Probe



ASAP Probe

ESI/APCI Source

Orbitrap with ASAP

AP MALDI





ASAP ExamplesASAP Examples

Solids probe replacementSolids probe replacement
Accurate mass of mixturesAccurate mass of mixtures
Analysis of polymer additivesAnalysis of polymer additives
Analysis of drugs (or explosives)Analysis of drugs (or explosives)
Analysis of biological tissueAnalysis of biological tissue



Replacement for Solids ProbeReplacement for Solids Probe

No vacuum lockNo vacuum lock
Fast analysisFast analysis
MHMH++ ions with minimal fragmentationions with minimal fragmentation
Accurate massAccurate mass
MS/MS for structural informationMS/MS for structural information



Rapid solids probe analysis at atmospheric pressure of steroids
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Rapid solids probe analysis at atmospheric pressure of steroids
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Rapid solids probe analysis at atmospheric pressure of steroids
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Total Ion Current Chromatogram
of ASAP analysis of 6 steroids

PEG for Instrument Calibration

Atmospheric Pressure Mass 
Spectrum of Steroid

1.8 min 2.8 min

ASAP on QTof Showing Instrument Calibration and 6 Steroid Samples in 3 min.

Anal. Chem., 2005, 77,7826-7831



fish-111034-71-tube2-asap1_060718095705 #15 RT: 0.89 AV: 1 SB: 1 0.32 NL: 3.39E7
T: FTMS + p APCI corona Full m s [ 100.00-1000.00]
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C 33 H 58 P 3
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C 33 H 57 P 3
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C 33 H 59 P 3

563.37
C 43 H 47

549.38
C 36 H 55 P 2
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C 43 H 48

562.36
C 43 H 46545.36

C 33 H 56 P 3
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C 43 H 41
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Solids Probe Sample for Accurate Mass



Accurate Mass Measurement for Accurate Mass Measurement for 
GC/MSGC/MS

GC/MS using low performance MSGC/MS using low performance MS
ASAP on high performance MS for ASAP on high performance MS for 
elemental compositionselemental compositions
High resolution required High resolution required 

MS/MS with accurate massMS/MS with accurate mass



Prefum eX_051219134717 #8-18 RT: 0.18-0.29 AV: 11 NL: 2.03E7
T: FTMS + p APCI corona Full m s [ 100.00-800.00]
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147.0442
C 9 H 7 O2

295.1292
C 14 H 19 O5 N 2

207.1747
C 14 H 23 O1

279.0981
C 13 H 15 O5 N 2

189.1641
C 14 H 21

178.0991
C 11 H 14 O2

118.0411
C 8 H 6 O1

137.1325
C 10 H 17

161.1327
C 12 H 17 343.1063

C 19 H 13 O2 N 5225.1410
C 6 H 19 O4 N 5

426.3863
C 30 H 50 O1

250.2297
C 17 H 30 O1

273.2585
C 20 H 33

391.2850
C 25 H 35 N 4304.2404

C 20 H 32 O2
370.3600
C 27 H 46

326.1520
C 21 H 18 N 4

ASAP of Perfume on Orbitrap



APGCMS Perfume4 30m DB1
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Perfume Analysis
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Prefum eX_051219134717 #8-18 RT: 0.18-0.29 AV: 11 NL: 2.03E7
T: FTMS + p APCI corona Full m s [ 100.00-800.00]
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147.0442
C 9 H 7 O2

295.1292
C 14 H 19 O5 N 2

207.1747
C 14 H 23 O1
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C 13 H 15 O5 N 2
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NL: 1.25E8
EPA8270_060524135950#59  
RT: 1.00  AV: 1 SB: 3  
0 .00-0 .03 T: FTMS + p APCI 
corona Fu ll m s  [ 
50 .00-1000.00] 

NL: 1.61E8
EPA8270_060524135950#45  
RT: 0.76  AV: 1 SB: 3  
0 .00-0 .03 T: FTMS + p APCI 
corona Fu ll m s  [ 
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EPA 8270 Megamix by ASAP as a Function of Time/Temperature
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EPA8270_060524143111 #4 RT: 0.06 AV: 1 NL: 6.03E7
T: FTMS + p APCI corona Full m s  [ 50.00-1000.00]
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109.06
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C 6 H 7 O2
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1. Aminobenzene
2. Phenol
3. Methylphenol
4. Dimethylphenol
5. Nitroso-di-propylamine
6. Isophorone
7. Methylnapthalene
8. Acenaphthylene
9. Diphenylamine

ASAP of Restek EPA 8270 Megamix



Polymer Additive AnalysisPolymer Additive Analysis

Obtain additive elemental Obtain additive elemental 
compositions in secondscompositions in seconds
No sample extraction requiredNo sample extraction required
MS/MS for confirmationMS/MS for confirmation



MASSOUDA_1_PELLET_060504125118 #42 RT: 1.26 AV: 1 NL: 1.76E7
T: FTMS + p APCI corona Full m s  [ 100.00-1200.00]
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646.4520

C 42 H 63 O3 P 1

441.2925
C 28 H 42 O2 P 1

647.4565

662.4460
C 42 H 63 O4 P 1

442.2956
C 27 H 40 O4 N 1

663.4512

338.3422
C 22 H 44 O1 N 1

111.1164
C 8 H 15

664.4549
591.3965

C 38 H 56 O3 P 1

C42H63O3P
Irgafos 168

Irgafos 168
oxidized

-C4H8

-C14H21O

C22H44ON

Erucamide

Nonwoven polymer

ASAP of Additives in Polymer



nonwovan_fabric_060118155342 #63 RT: 1.89 AV: 1 NL: 1.00E7
T: FTMS + p APCI corona Full m s  [ 100.00-2000.00]
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C 28 H 42 O2 P 1
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C 22 H 44 O1 N 1
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C 48 H 69 O6 N 3

ASAP of Nonwoven Fiber
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1. Erucamide
2. Fragment of 4
3. Irganox 1076
4. Irgafos 168
5. Irgafos 168 oxidized
6. Irganox 3114



ASAP of DrugsASAP of Drugs

On objectsOn objects
In urine or spit without In urine or spit without 
sample preparationsample preparation
Accurate massAccurate mass
MS/MSMS/MS



Ibuprofen_060720111146 #389 RT: 2.53 AV: 1 SB: 12 0.01-0.10 NL: 9.63E8
T: FTMS + p APCI corona Full m s  [ 50.00-500.00]
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C 12 H 17
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C 9 H 11
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C 10 H 11 O2
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C 8 H 5 O3105.0696

C 8 H 991.0539
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C 7 H 11
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C 6 H 9

ASAP of Ibuprofen Tablet

C13H18O2

C10H11O2

C12H17

C9H11

C8H9C7H7C5H11C4H9

(CH3)2CHCH2C6H4CH(CH3)COOH



cnm urin_psuedo_caf_060324101339 #33 RT: 1.05 AV: 1 SB: 7 0.04-0.24 NL: 5.77E7
T: FTMS + p APCI corona Full m s  [ 100.00-1000.00]
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148.1118
C 10 H 14 N 1

114.0658

133.0884
C 9 H 11 N 1

166.1224
C 10 H 16 O1 N 1

117.0694
C 9 H 9

126.0911 153.0654
144.1020120.0804

191.1177
C 11 H 15 O1 N 2157.0716

136.0391
170.0921
C 9 H 14 O3109.0757

209.1283
C 11 H 17 O2 N 2

Direct ASAP Analysis of Urine Sample 9 hrs After 12 hr Sedafed®

Ephedrine
C10H16ON

C10H14N

-H2O

OH
CH3

NH
CH3

CH3

NH
CH3



dollar_bills_051118165312 #198 RT: 1.72 AV: 1 NL: 8.56E8
T: FTMS + p APCI corona Full m s  [ 100.00-1200.00]
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149.0233
C 8 H 5 O3

304.1548
C 17 H 22 O4 N 1

182.1176
C 10 H 16 O2 N 1

391.2849
C 24 H 39 O4

167.0340
C 8 H 7 O4
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C 18 H 39 O7

425.3113
C 22 H 41 O4 N 4279.1595

C 16 H 23 O4
483.3528

C 25 H 47 O5 N 4
353.3056

C 22 H 41 O3
117.0907
C 6 H 13 O2

233.1751
C 12 H 25 O4

135.1167
C 10 H 15

The Famous Cocaine on a Dollar Bill

Cocaine
C17H22O4N

-PhCOOH
C10H16O2N

Phthalate
C8H5O3

C24H39O4



ASAP of Biological SamplesASAP of Biological Samples
Rapid analysis of volatiles in tissueRapid analysis of volatiles in tissue
No sample preparationNo sample preparation
Accurate mass and MS/MSAccurate mass and MS/MS

High resolution desirableHigh resolution desirable



carot_060329155429 #20 RT: 0.57 AV: 1 NL: 4.25E6
T: FTMS + p APCI corona Full m s  [ 100.00-800.00]
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536.4385
C 40 H 56

127.0388
C 6 H 7 O 3

397.3839
C 29 H 49313.2745

C 19 H 37 O 3
145.0496
C 6 H 9 O 4
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C 15 H 15 O 5 N 1163.0391

C 9 H 7 O 3
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C 13 H 11 O 3 N 1 444.3756

C 33 H 48
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C 28 H 47

699.4998
C 49 H 65 O 2 N 1
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C 47 H 61 N 1

519.4766
C 34 H 63 O 3

ASAP of Carrot

Beta-caroteneC40H56



Catnip2_051028154135 #11 RT: 0.16 AV: 1 NL: 6.32E6
T: FTMS + p APCI corona Full m s [ 100.00-2000.00]
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C 9 H 13
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C 16 H 33 O2

285.2784
C 18 H 37 O2 411.3979
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catnip_cold_060111151518 #54 RT: 1.47 AV: 1 NL: 1.10E8
T: FTMS + p APCI corona Full m s [ 50.00-1000.00]
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439.3558
C 28 H 45 O1 N 3

167.1059
C 10 H 15 O2

338.3407
C 20 H 42 N 4

411.3611
C 27 H 45 N 3

121.1003
C 9 H 13

358.3668
C 20 H 46 O1 N 4

191.1786
C 14 H 23

393.3506
C 29 H 45

149.0954
C 10 H 13 O1

457.3657
C 28 H 47 O2 N 3321.3143

C 20 H 39 N 3
93.0689

81.0689
247.1685

C 14 H 21 O1 N 3
310.3095

C 18 H 38 N 4 577.5166
C 35 H 67 O3 N 3

481.4955
C 30 H 63 O1 N 3

ASAP of Catnip Leaf Normal Growth and After Growth in Cold and Dark

Normal Cold and Dark

nepetalactone
C10H15O2

CH3

O

CH3

O



Squalene
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Demethylase
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AG_FUNGUS_CONTROL_S_060228154133 #22 RT: 0.65 AV: 1 SB: 3 0.00-0.07 NL: 1.05E5
T: FTMS + p APCI corona Full m s [ 200.00-1000.00]
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396.3394
C 28 H 44 O1
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C 24 H 39 O4
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C 24 H 48 O2
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ASAP Probe for DESIASAP Probe for DESI

Analysis of Analysis of nonvolatilesnonvolatiles such as such as 
peptides and proteinspeptides and proteins
Patented technologyPatented technology
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MyoglobinMyoglobin by ASAP Probe DESIby ASAP Probe DESI
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ConclusionsConclusions

ASAP is a rapid method for Analysis of Samples ASAP is a rapid method for Analysis of Samples 
at Atmospheric Pressureat Atmospheric Pressure
ASAP is compatible with LC/MS and AP GC/MS ASAP is compatible with LC/MS and AP GC/MS 
and requires only a simple ion source and requires only a simple ion source 
modificationmodification
Volatile and Volatile and semivolatilesemivolatile compounds in solids, compounds in solids, 
liquids, polymers, and biological tissue can be liquids, polymers, and biological tissue can be 
analyzed in secondsanalyzed in seconds
The method is especially powerful on high The method is especially powerful on high 
performance mass spectrometersperformance mass spectrometers



GC/MS on an LC/MS InstrumentGC/MS on an LC/MS Instrument

o  Atmospheric Pressure Ionization (API) has o  Atmospheric Pressure Ionization (API) has 
primarily been interfaced with liquid primarily been interfaced with liquid 
chromatography, but it is also an ionization chromatography, but it is also an ionization 
method that can be applied to gas method that can be applied to gas 
chromatograph. chromatograph. 

o  Any LC/MS instrument can also be used as a o  Any LC/MS instrument can also be used as a 
GC/MS instrument.GC/MS instrument.

o  Either APCI or APPI can be usedo  Either APCI or APPI can be used
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Advantages over LC/MS
O  GC provides higher 
chromatographic resolution and 
more peak capacity than LC.
O  Higher sensitivity for certain 
compounds.
O  Less problems with analyte
solubility.

Advantages over vacuum GC/MS
O  Uses high performance LC/MS 
instrumentation
O  Mass selected fragmentation 
for  GC/MS Quantitation
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Interface probe

Syagen Photoionization Source
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Molecular and MH+ Ion Generation

A  +  e   ---> A+.   +  2e               (EI)

A  +  hν --->   A+.  +  e              (APPI)
A+. + H2O  --->  AH+  +  .OH 

N2  +  e  --->  N2+.  +  2e         (APCI)
N2+.  +  2N2  --->  N4+.  +  N-2   

N4+.  +  H2O  --->  H2O+.  +  2N2
H2O+.  +  H2O  --->  H3O+  +  .OH

H3O+  +  A  --->  AH+  +  H2O
N2+./N4+.  +  A  ---> A+.  +  xN2
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Photoionization MS Perfume4 DB1
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APGCMS Restek 8330 APCI
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Reproducibility Study Restek 8270 Megamix by GC/10.6 eV APPI-MS
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ConclusionConclusion

o  APo  AP--GC/MS extends the capabilities of LC/MS GC/MS extends the capabilities of LC/MS 
instrumentation.instrumentation.
oo APPI GC/MS is almost a universal ionization APPI GC/MS is almost a universal ionization 
method for volatile compounds.  method for volatile compounds.  
o  High sensitivity.o  High sensitivity.
o  Library search possible with APPI?  o  Library search possible with APPI?  
o  Positive/negative ionization, accurate mass, o  Positive/negative ionization, accurate mass, 
MS/MS, MS/MS, quantitationquantitation..
o   This work has shown that LC/MS o   This work has shown that LC/MS 
instrumentation can be made more powerful and instrumentation can be made more powerful and 
more universal by incorporating the ability to also more universal by incorporating the ability to also 
perform AP GC/MS.perform AP GC/MS.



Additional InformationAdditional Information

ASAP:  McEwen, McKay, Larsen ASAP:  McEwen, McKay, Larsen Anal. Anal. 
Chem.,Chem., 2005, 77, 78262005, 77, 7826--7831.7831.
AP GC/MS: McEwen, McKay AP GC/MS: McEwen, McKay J. Am. Soc. J. Am. Soc. 
Mass Mass SpectromSpectrom.,., 2005, 16, 17302005, 16, 1730--1738.1738.
EMAIL:  ASAPMSEMAIL:  ASAPMS--info@comcast.netinfo@comcast.net
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