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Supplementary Information 

S1. Simulation of the translational exothermicity spectrum. 

To model the translational exothermicity ΔET of a non-dissociative SET reaction, we need to know 

the probability of forming the two product NO+ ions in the various accessible combinations of 

electronic states after the interaction of NO2+ and NO.  We determine this probability P using an 

extension of a simple model which has been presented before.7 Specifically, we have: 

P[NO2+(v++), NO+(Z, vc), NO+(Y, ve)] = 

                                                             LZP × Pe[NO→NO+(Y, ve)] × Pc[NO2+(v++)→NO+(Z, vc)] 

(1) 

Here, P[NO2+(v++), NO+(Z, vc), NO+(Y, ve)] represents the probability of a SET transition from 

NO2+ in its ground electronic state and vibrational level v++ to capture and ejection ions in electronic 

states Z and Y and vibrational levels vc and ve respectively. LZP is the Landau-Zener transition 

probability for crossing from the reactant NO2+ + NO potential energy curve (PEC) to the NO+(Z) + 

NO+(Y) PEC.  In equation (1), P[NO → NO+(Y, ve)] is the probability of forming the ejection NO+ in 

the (Y, ve) vibronic state from neutral NO and P[NO2+(v++)→NO+(Z, vc)] is the probability of forming 

the capture ion in NO+(Z, vc) from NO2+(v++).  The transition probabilities for the capture and ejection 

transitions can be decomposed into electronic and vibrational components.  Specifically, for the 

ejection transition: 

Pe[NO → NO+(Y,ve)] = ETF[NO → NO+(Y)] × FCF(0,ve) (2) 

In equation (2), ETF[NO → NO+(Z)] is the electronic transition probability for going from NO in 

the ground electronic state to the NO+(Z) electronic state and FCF(0,ve) is the Franck-Condon factor 

for the transition from the ground vibronic level of NO to the vibrational level ve in NO+(Z).  For this 

transition, in our collision system, we know that the neutral reactant is in its ground electronic (2Π) and 

vibrational state, neglecting any spin-orbit splitting, as this collision partner is admitted as an effusive 

beam at room temperature.  The values of FCF(0,ve) were obtained using the LEVEL programme of Le 

Roy with constants derived from calculated PECs of the accessible NO+ electronic states.33, 43  ETF[NO 

→ NO+(Z)] was estimated from the relative band intensities of the electronic transitions observed in the 

NO photoelectron spectrum recorded at 25 eV.13  In this spectrum the most intense transition is to 

NO+(b, 2sσ*2 2pσ1 2pπ4 2pπ∗1) with the formation of NO+(X, 2sσ*2 2pσ2 2pπ4 2pπ∗0) and NO+(A, 

2sσ*2 2pσ1 2pπ4 2pπ∗1) states about half as probable. All three of these transitions involve one-electron 

ejection processes from the ground electronic state of NO (2sσ*2 2pσ2 2pπ4 2pπ∗1).40  All other 

electronic transitions between NO and NO+ are much weaker and so are assigned an ETF of zero. 
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The probability of the capture transition is calculated in a similar way to that of the ejection 

transition: 

Pc[NO2+(v++)→NO+(Z,vc)] = ETF[NO2+ → NO+(Z)] × FCF(v++,vc) (3) 

Although studies of double-photoionization of NO show that higher electronic states of NO2+ are 

populated in double ionization events, we expect the relaxation of these states to occur on the time-

scale (100μs) of our experiments.44 Hence, we assume all the NO2+ reactants are in their electronic 

ground state. Again, we calculate the FCFs using the LEVEL programme and available PECs.33, 42-43 

The electronic transition probability in equation (3), ETF[NO2+ → NO+(Z)], was modelled assuming 

that single-electron transitions dominate.  Given that the ground 2Σg
+ electronic state of the dication has 

the electronic configuration (2sσ*2 2pπ4 2pσ1 2pπ∗0)14, this restriction means that the capture NO+ can 

only be formed in the X, b or A states, as formation all other accessible low-lying states of NO+ require 

the promotion of a second electron;40 for these one-electron transitions the ETF[NO2+(Y) → NO+(Z)] 

is set to 1/3.  

The above discussion explains how the vibrational and electronic transition probabilities for the 

capture and ejection processes (Pc, Pe) are calculated.  In equation (1) Pc and Pe are combined with the 

Landau-Zener transition probability to give an overall transition probability from a given vibrational 

level of the ground electronic state of NO2+ to a given combination of product vibronic states. The 

values of LZP for each of the transitions to the different combination of product electronic states were 

calculated using an algorithm which has been described in detail in previous publications.45  In brief, 

this algorithm calculates the probability of crossing from the reactant asymptote to the product 

asymptote by calculating the interspecies separation of the crossing of these potentials.  Constructing 

the simple polarization attraction and Coulomb repulsion potentials used to model the reactant and 

product PECs45 requires simply the polarizability of the neutral and the energy separation S of reactant 

and product asymptotes.  For the latter quantity, we use the energy gap between the vibrationless levels 

of the relevant product and reactant electronic states:  

S = E[NO2+(X,v++=0)] + E[NO(X,0)] – E[NO+(Z,vc=0)] – E[NO+(Y,vc=0)] 

To simulate the experimental ΔET spectrum we calculate the values of P for all the possible 

transitions between the bound vibrational states of NO2+ and the accessible vibronic states of the NO+ 

products, and then weight these transition probabilities using the NO2+ vibrational distribution in the 

ground electronic state of the dication, N[NO2+(v++)].  This final weighting is required because, unlike 

the neutral NO, the reactant NO2+ ions will undoubtedly not be in a single vibrational level since they 

are formed by electron ionization.  We estimate N[NO2+(v++)] using FCFs calculated using LEVEL for 
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transitions from the ground vibronic state of NO to the various vibrational levels in the ground 

electronic state of NO2+. 

At the end of this lengthy procedure, we arrive at a list of weighted values of P for all the possible 

transitions between the bound vibrational states of NO2+(X) and the accessible vibronic states of NO+.  

For each of these transitions it is straightforward to calculate ΔET
, since the energies of the reactant and 

product states are known.  For the construction of a model ΔET spectrum, we form a stick spectrum of 

these releases with intensities proportional to the appropriate weighted value of P and then convolve 

with an appropriate Gaussian instrument function to reflect the experimental resolution.  

 

Extra References for Supplementary Information 
43. R. J. Le Roy, Level 7.0, (2000), University of Waterloo Chemical Physics Research Report CP-58. 
44. G. Dawber, A. G. McConkey, L. Avaldi, M. A. MacDonald, G. C. King and R. I. Hall, Journal of Physics B, 1994, 

27, 2191. 
45. S. A. Rogers, S. D. Price and S. R. Leone, J. Chem. Phys., 1993, 98, 280. 
 

 
 

Electronic Supplementary Material (ESI) for Physical Chemistry Chemical Physics
This journal is © The Owner Societies 2011



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles false
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends false
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize false
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage false
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile (Color Management Off)
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 200
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.00000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 1.30
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 200
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.00000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 1.30
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages true
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 300
  /MonoImageDepth 4
  /MonoImageDownsampleThreshold 1.00000
  /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 ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents suitable for reliable viewing and printing of business documents.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /ENG ()
  >>
>> setdistillerparams
<<
  /HWResolution [200 200]
  /PageSize [595.276 841.890]
>> setpagedevice


