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PREPARATION, IONIZATION ENERGY AND THE HEAT OF FORMATION IN THE GAS PHASE 
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Sumnary: The en01 form of acetophenone was generated in the gas phase and its ionization 
energy was determi@ as 8.01 + 0.03 eV. The heat of formation of the en01 was assessed 
as -46 + 6 kJ.nol . The enoi is destabilized against acetophenone by 41 kJ.mol-1. - 

1-Phenylethenol (L) was first detected in photoinduced enolization of acetophenone (21.1 

In a more recent study,2 _ 1 was generated in solution by Norrish-II photofragmentation of 

butyrophenone and its pKa was determined. 
2 

While 1 is undoubtedly less stable than 2, 

and iscmerizes rapidly to the keto form upon acidobasic catalysis,1 the corresponding AG 
and AH values for the enol-keto equilibria have been the subject of argument. 3-5 Recent 

balometric determination of the equilibrium constant, Ke = [1]/[2] = 7.10 
-9 , implied 

AG(enol-keto) = -46.5 W.mol-1 in very dilute aqueous solution. 4W contrast, thenno- 

chemical measurenents,3 based on enol ether hydrolysis, ' yielded a value of AG = -38.2 
kJ.noi1.3 In the latter measurements, the final free enthalpy difference is obtained by 

ccmbininq thermochemical data pertinent to both the gas and liquid phase,3 and corrections 

are necessary to make the data compatible with the experimental heat of hydrolysis in 

dilute aqueous solution. 3,6 Therefore, it became of interest to prepare enol 1 in the - 
gas phase and determine its heat of formation by an independent method. 
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In order to assess AH:(A) we determined the heat formation of the ionized en01 (l_)+' 

ard the threshold ionization energy (IE) of neutral 1. The former quantity followed frcan - 

appearance energy (AE) measurements of (1,+' preparedby theMcLaffertyrearrangsment 
15 

in ionized valerophenone (4)+' (Scheme 3). - 

5 Scheme 3 

The experimental appearance energy (AE = 9.31 + 0.05 eV), ccmbined with AH:(&) (-149 W. 

m01-l)~~ and AHz(propene) (20.4 l~I.mol-l)~~, givesA$(l)'. = 729 kJ.m01-~. This is 

in fair agresmentwithan earliermeasurementof M(L)+. franmetastablemolecularions 

of butyrophenone, '* whence A%(i)+* = 724 kJ.n-ol 
-1 

canbededuced. The ionization energy 

of 1 was measured as IE = 8.01 + 0.03 eV by the inverse convolution method. 19 Canbination 

of the IE(L) and an average Ati;(l (726 kJ.rr~l-~) affords A<(L) = -46 + 6 k~.mol-~. 

Hence, enol 1 is found to be 41 kJ.m01-~ less stable than the keto form 2. 
17 

- 
-3 To canpare the present data with those from calorimetric measurements, it is necessary 

to transfer the latter to the gas phase. Eydrolysis and i xxrerization in the gas phase 

Ph-c(cCH3)=CH2 + H20 --o 1 + CX30H e - 2 + CH30H 

requires AHtot = -33 kJ.m01-~ , as calculated from the reaction enthalpy in the liquid 

phase3 and the reported heats of vaporization.3 The crucial point is to estimate the 

in the first step, 
%yd 

Ph-C(CM3)=CH2 ---) 1 , which is inaccessible by direct measurement. 6 
Previous estimates, ranging frcm near thermoneutrality 20 up to +22 kJ.mol-1,6 lead to 

A$(enol-keto) = ~~~~~ - Asyd = -33 to -55 ~.m>l-'. Our value (-41 W.IIKI~-~) falls 

within this interval, suggesting that neither mett& is in gross error. Nevertheless, 

the uncertainty in the enthalpy of enol ether hydrolysis is rather high. This can be amen- 

ded by irrplerenting ~~~~ values calculated for gas phase reactions 21 

(x3-c Km3) =a2 + H20 + CH3-C(OH)=CH2 + CH30H 
('%yd = 11 kJ.mol_l) 

(E)-CH3-CH=CMXH3 + H20 + (E)-CH3-CH=CH-OH + CH30H ~~~~~ = 12 k~.mol-') 

The average value of 
AHhyd 

ccmbined withAHtit3 givesAI@enol-keto) = -44.5 kJ.m01-~ 

in gcod agreement with our value determined in the gas phase. 

We conclude that the present data lerd support to the results of thernochenical 

measurements in solution. 3 
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