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Formation of the 3-Pentanone Ion from
Ionized Propyl Propanoate Through
Ion-Neutral Complexes
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Charles E. Hudson and David J. McAdoo
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Formation of the 3-pentanone ion (3) from ionized propyl propanoate through the complex
[C2HsCO+ UC3H 7) is proposed based on data obtained by photoionization. The threshold
and energy dependence for forming 3 relative to those for related processes support this
proposal. The threshold for forming 3 coincides with that predicted for forming
[CH3CH 2CO+ TH2CH 3], suggesting that that complex is also an intermediate in the
pathway to 3. 3-Pentanone ion formation is important much further above threshold than is
alkane elimination through [RCO+ 'R] complexes. This adds to evidence that reactions
between the partners in ion-dipole complexes take place over a wider energy range than do
such reactions in complexes containing nonpolar neutral partners. (J Am Soc Mass Spectrom
1992, 3, 183-187)

Explusion of an aldehyde from the alkoxy moiety
of ionized esters to form ketone ions [1-3] is a
very unusual mass spectral fragmentation. The

aldehyde lost consists of the oxygen and the first
carbon of the alcohol portion of the ester and species
attached to that carbon [1, 2). Deuteriums on this
carbon do not exchange prior to aldehyde elimination
[1]. The composition of the aldehyde eliminated and
the direct formation of the ketone ion rather than an
isomer thereof indicates that hydrogen transfer does
not precede aldehyde expulsion [3]. This process is
unique, in that other losses of interior portions of
aliphatic ions take place by simple bond cleavages
after rearrangements [4-7]. We have previously sug
gested that expulsion of the aldehyde and the associ
ated C-C bond formation might either be concerted
(Ia) or involve ethyl migration to carbon followed by
loss of the aldehyde (Ib). However, pathway la is
dubious because concerted ejection of a fragment from
the middle of an ion is unlikely [8]. A strike against
both branches of Scheme I is that 4-membered ring
processes are typically the least favorable rearrange
ments of ions [9]. In gas-phase ion chemistry, ion
neutral complexes are often intermediates when
conventional mechanisms seem unlikely [10]. This
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suggests that ketone ions may form from ionized
esters through complexes, i.e, according to Scheme II
or Scheme Ill.

The complex in Scheme II would be similar in
origin to complexes proposed in alkane eliminations
from ionized ketones [11-13]. However, in 4 the neu
tral partner is polar, whereas the alkyl radicals in the
complexes that eliminate alkanes are nonpolar, The
ion-dipole complex in Scheme II would be expected
to be important over a wide energy range [14, 15],
whereas the ion-induced dipole complex in Scheme
III should be confmed to a narrow energy range [11,
12, 16, 17]. Because of the novelty of the reaction, we
examined formation of ionized 3-pentanone (3) from
ionized propyl propanoate (1) by photoionization [18]
to see if the energy dependence of the reaction sup
ports or rules out Schemes 11 and III.

Experimental

Photoionization efficiency (PIE) curves were deter
mined with a microprocessor-controlled photoioniza
tion mass spectrometer as described previously [18].
Appearance energy (AE) values were obtained by
linear extrapolation of the initial rising portion of the
curve to the abscissa. The AE measurements reported
here are reproducible only to ±3-5 k] mol"! because
of low count rates and tailing of curves near thresh
old. Metastable decompositions and collision-induced
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dissociations were recorded on an electric sector-mag
netic sector-electric sector mass spectrometer [19].

Table t. AEsa for fragment ions from propyl propanoate

Ion AE IkJ mol-'}

1Th is is based on vibrational frequencies given in JANAF thermo
chemical tables; see ref 22.

AEs were predicted from the published heats of for
mation by means of the formula [18]

aBecause of low threshold count rates and ta iling of curves near
th reshold , these values are only reprodu cib le to ± 3-5 kJ ·mol- ' .

b Pseudo IE because the molecular ion is very weak, and because
th is is the lowest AE daughter ion.

1025

1028

952b

976

CH3CH2CO +"CH2CH 3 (3)

CH3CH2CO + (5)

CH3CH2C02Ht

CH3CH2C0 2CHt

where toH is a statistical mechanical correction fac
tor for the <thermal energy content of the fragments.
AE(3) predicted from published heats of formation
[20, 21] and using .<lHco = 25.8 k] mol " ! [22P was
990 kJ mol-I, 35 kJ mol-1below the measured value .
Ethane elimination from 3, a process thought to occur
through [CH3CH2CO+ 'CH 2CH 3] [12], has an onset
33 k] mol - 1 above the ionization energy (IE) of 3 [21].
Therefore, formation of 3 by collapse of [CH 3CH2CO+
'CH 2CH3] would raise the threshold for formation of
3 by about 33 k] mol - 1, in good agreement with the
observed 35-kJ mol - 1 elevation . This coincidence is
good evidence for formation of 3 by 6 -+ 7 -+ 3 rather
than by one of the processes in Scheme I. AE(3) could
also be raised above its thermochemical threshold by
a reverse activation energy barrier to the elimination
of formaldehyde . Such a barrier would be expected in
the pathway depicted in Scheme II, because the prod
ucts of formaldehyde eliminat ion are 68 k] mol- 1

more stable than the separated partners in 6.
The number of ions formed at a specific mass-to

charge ratio containing the energy on the abscissa
minus the ionization energy of the parent molecule is
proportional to the slope of the corresponding PIE
curve of the ion at that point [23]. That is, at energies
at which a curve is rising steeply, the corresponding

llHf (CH 3CHzCO+) + llHf (CH 3CH 2CH 20')

= 550 k] mol - 1

llHf (CH 3CH zCO +) + llHf (CH 2 = 0)

+llHf (CH 3CH i)
= 599 k] mol- l

<lHf (CH 3CH 2COCH 2CH j ') + <lHf(CHz = 0)

= 531 kJ mol"!

Results and Discussion

One characteristic of interest in complex-mediated
dissociations is the degree of competition between the
complex-mediated reaction and simple dissociation of
the partners [11]. The direct cleavage 1-->5 produces
the base peak in the 70-eV mass spectrum of 1; 3 and
CH 3CH2C02CH i are respectively 0.7% and 5% as
abundant as the base peak. Thus, if 3 is formed
through 4, that process competes weakly with the
corresponding simple dissociation, The structure
CH3CH2C02CHr was assigned to C4H70; formed
from 1 because this ion generates C3HsO+ in about
90% of its collision-induced dissociations. Loss of
CH 20 would not dominate the decompositions of
CH 3CH2CH 20CO+, the other reasonable product of
ethyl loss from 1.

Photo ionization AEs [18] for forming CH 3CH z
CO +CHzCH3 (3), CH 3CH 2CO+ (5) CH 3CHzCOzH!
and CH3CHzCOzCHr from 1 are given in Table 1.
AE(3) is 49 k] mol " ! above AE(CH3CH2C02CH!)
and 3 k] mol - l below AE(5), the product of simple
dissociation of complex 4. AE(3) being abo ve
AE(CH3CH zC0 2CH r ) and below AE(5) suggests the
intermediacy of 4 rather than of 8, because, without
exception to date [12, 16, 17], products formed by
reactions between partners in complexes containing
alkyl radicals have thresholds 0-40 k] mol- l below
those for simple dissociation of the partners,

Published heats of formation of pertinent species
are given in Table 2. The values in Table 2 give the
following heats of formati on for sets of products of
interest:

Table 2. Pertinent 298 K heals of format ion (kJmol- !)

CH3CH2C02CH2CH2CH3 - 484 .2" CH3CH2CO+'(;H 2CH 3
CH3CH 2CO+ 591.20 CH3CH 2CH20'

CH3CH2 ' 116.3" CH2=O

CH3CH = C = 0 + ' 77 ,6 0 CH3CH3

639.9b

-41.4d

- 108 .6 '
-83,8 '

" From AH . (C2H .C02C.H.) ~ -463.6 kJ mo l - 1 128J a~d add ition of -20.6 kJ mol -' for t he e><tra
CH z-

b Ret 20 .
e Ref 21.
d Ref 29 ,
"Ref 1Sb.
'Ref 29 .
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process is substantial, and at energies where the curve
is horizontal, no ions containing the full energy hv 
IE are formed. In previous studies of alkane elimina
tions [12, 16, 24], PIE curves reached plateaus a few
tenths of an electronvolt above the onset for simple
loss of the alkyl radical, demonstrating that complex
mediated alkane eliminations are largely confined to a
narrow energy range near threshold. However, small
portions of alkane eliminations may occur up to very
high energies [25]. If Scheme III were correct, the PIE
curve for 3 should become horizontal within a
few tenths of an electronvolt of threshold. The PIE
curve for 3 rises rapidly from threshold (10.62 eV) to
- 11.6 eV, and more slowly thereafter (Figure 1). The
relatively wide energy range for forming 3 is addi
tional evidence that 3 is formed according to Scheme
II rather than Scheme 1Il.

The 3-pentanone ion formed from 1 undergoes
metastable loss of ethane [3], demonstrating that a
portion of those 3-pentanone ions contained at least
54 kJ mol- 1 of internal energy . This confirms the
conclusion from the AE curve that many of the 3-pen
tanone ions are formed at energies substantially above
threshold. Formation of protonated ethanol from ion-

ized ethyl hexyl ether, clearly a complex-mediated
process involving a polar neutral ethanol partner [14],
also occurs up to well above the threshold for simple
dissociation of the partners [14], as does complex
mediated formation of CH30H! from ionized 2
methylpropanol, which involves a polar methanol
partner [15]. Present observations add to evidence
that the energy range over which complex-mediated
fragmentations are important is considerably widened
by the presence of a dipole moment in the neutral
partner. When the partner in the complex is nonpo
lar, eliminations through that complex are generally
the lowest threshold decompositions of the ion [10].
AE(CH3CH2CH2C02Hi) and AE(CH3CH2C02CH!)
are substantially below AE(3), suggesting this restric
tion does not apply when the partner in the interme
diate complex has a substantial dipole moment.

Alkoxy radicals readily dissociate to aldehydes plus
alkyl radicals, so Scheme II is plausible . The simulta
neous elimination of two benzene molecules from
protonated oligophenylalkanes [26] is another possi
ble three body complex-mediated reaction. Three
partner complexes would be an interesting addition
to the variety of known complex-mediated reactions
[10, 27].
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Figure 1. PIE curves for the formation of CH 3CH r
CO+'CH 2CH 3 and CH 3CH2CO+ from propyl propanoate. Note
that the AE curve for C3HlOO+ ' (m jz 86) rises steeply up to
about 11.5 eV and then more gradually at higher energies. The
curve for CH 3CH,CO+. the product of simple dissociation,
rises steeply through the energy range of the measurements.



J Am Soc Mass Spectrom 1992, 3, 183-187 COMPLEX MEDIATED CH,CH.CO+ CH.CH, FORMATION 187

12. Traeger, J.c.. Hudson, C. E.; McAdoo, D. J. J. Phys. Chem.
1988, 92, 1519.

13. Heinrich, N.; Louage, F.; Lifshitz, c.. Schwarz, H. J. Am
Chem. Soc. 1988, 110, 8183.

14. Ahmed, M. S.; Hudson, C. E.; Traeger, J. c., Giam, C. S.;
McAdoo, D. J. J. Am. Chem. Soc. 1990, 112, 6443.

15. Trager, J. c, Hudson, C. E.; McAdoo, D. J. J. Am. Soc.
Mass. Spectrom., in press.

16. McAdoo, D. J.; Trager, J.c..Hudson, C. E.; Griffin, L. L. J.
Phys. Chem. 1988, 92, 1524.

17. McAdoo, D. J.; Trager, J. C.; Hudson, C, E,; Grose, A.;
Griffin, A. A. J. Am. Soc. Mass Spectrom. 1991 2, 261.

18. (a)Trager, J. c., McLoughlin, R, G. J. Am Chem. Soc. 1981,
103, 3647. (b) Trager, J. c.. McLoughlin, R. G.; Nicholson,
A. J. C. J. Am. Chern. Soc. 1982, 104, 5318.

19. Gross, M, L.; Chess, E. K.; Lyon, P. A.; Crow, F, W.;
Evans, S.; Tudge, H. Int. J. Mass Spectrom. Ion Phys. 1982,
42, 243.

20. Lias, S. G.; Bartmess, J. E.; Liebman, J. F.; Holmes, J, L.;

Levin, R. D.; Mallard, W. J. Phys. Chem. Ref. Data1988, 17,
Supp!. 1.

21. Traeger, J. C. Org, Mass Spectrom. 1985, 20, 223,
22. Chase, M. W. [r.: Davies, C. A.; Downey, J.R. [r.: Prurip,

D. J.;McDonald, R. A.; Syverud, A. N. J. Phys. Chem. Ref.
Data 1985, 14.

23. Hurzeler, H.; Inghram, M. G.; Morrison, J. D. J. Chem.
Phys. 1958, 28, 76.

24. Traeger, J.c. Hudson, C. E.; McAdoo, D. J. J. Phys. Chem.
1990, 94, 5714.

25. McAdoo, D. J.;Hudson, C. E. Org. Mass Spectrom. 1990, 25,
664.

26. Kuck, D. Mass Spectrom. Rev. 1990, 9,583.
27. Morton, T. H. Tetrahedron 1982, 38, 3195.
28. Pedley, J.D.; Naylor, R. D.: Kirby, S. P. Thermochemical Data

of Organic Compounds, 2nd ed.; Chapman and Hall: London,
1986.

29. Batt, L,; Christie, K.; Milne, R. T.; Summers, A. J. Int. J.
Chem. Kinet. 1974, 6, 877.



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /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 false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 149
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /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 149
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /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 599
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /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 (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /DEU <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice


