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T H E  recent report1 of H/D scrambling in the low- 
voltage spectra of specifically deuteriated ethyl 
pentyl ketones prior to the loss of an ethyl radical 
has led us t o  consider the extent of H/D scrambling 
in alkyl chains in relation to ion lifetimes. The 
observation that scrambling is much more evident 
in the fragment ions observed in low-voltage 
spectra indicates that the scrambling reactions 
have relatively low activation energies and low 
frequency factors.2 For example, H/D exchange 
between alkyl chains of 2,2,4,4- [2H,]heptan-3-one 
(I) might be visualised in terms of the transition 
state (Ia) for the rearrangement.i. Let the rise 
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process with a higher energy of activation and 
higher-frequency factor, such that the curve 
representing the variation of the rate constant for 
fragmentation ( A f )  with internal energy crosses the 
first curve (Figure 1) (as the internal energies tend 
to  infinity, the rate constants tend to the frequency 
factors). Thus, for fragment ions formed with rate 
constants in the range lo6-lo8 sec.-l, H/D 
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FIGURE 1 
of the unimolecular rate constant (A,) for this 
rearrangement with internal energy occur as scrambling in the molecular ion will be rapid 
indicated in Figure 1 (this curve is typical of compared with fragmentation, whereas for frag- 
those computed on the basis of the quasi-equili- ment ions formed with rate constants >lo8 

brium theory) .3 Consider also some fragmentation sec.-l, scrambling will be slow compared to 

This need only be one of a number of similar transition states. 
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fragmentation (assuming only that the reactions 
occur as competing unimolecular processes). It 
follows that ions of relatively long lifetimes (low 
internal energies) will have scrambled most 
extensively prior to fragmentation, and that 
scrambling will be most evident in low-voltage 
spectra, as observed experimentally1 in ethyl 
pentyl ketone. It follows further that  for cases 
resembling the situation shown in Figure 1, 
scrambling will be even greater for metastable 
decompositions (h*) occurring in the first iield- 
free region of an A!IS 9 mass spectrometer (ln Fz 
5 - 6 )  ,4 and greatest (for observational purposes) 
for metastable decompositions (%nun*) occurring in 
the second field 
(In K g 5 ) .  

70e V 

mie -c51 75 76 

lOeV P 76 

region of the spectrometer 

70e ~ ( ‘ m ’ )  

-C3HsD 
I 

To test the above concepts, a number of specific 
ally deuteriated ketones have been synthesised. 
The experimental data obtained are in accordance 
with the above generalisations and one example is 
given. The Mclafferty rearrangement in dialkyl 

ketones is generally agreed to involve a site- 
specific 7-hydrogen rearrangement .5 Accordingly, 
the 70ev mass spectrum of (I) contains a large 
peak due to the loss of propene. However, even 
at 70 ev, there is a small peak due to loss of 
[2H,]pr~pene.$ At a nominal 10 e\- the loss of 
C2H2]propene affords a peak which is of significant 
abundance relative to m/e 76 and 76, while 
transitions (lm*) observed in the first field-free 
region (with the aid of a metastable defocusser4) 
show additionally loss of [“HJpropene (Figure 2). 
Even a significant loss of [zHH,]propene is observed 
for transitions (%*) occurring in the second field- 
free region. 

iVhi1e significant cases of H/D scrambling in 
alkyl chains,lY6 or betneen an alkj-1 chain and an 
aromatic nucleus,; have previouslj- been noted, 
the relationship of the phenomenon to ion lifetimes 
possibly has extremely important relel-ance to the 
interpretation of deuterium-labelling results and 
isotope effects in general. The literature is replete 
with hydrogen rearrangement reactions for which 
(as a result of deuterium-labelling experiments) the 
rearranging hydrogen atom is assunied to  originate 
from several different carbon atoms. Since 
fragment ions formed in rearrangement reactions 
may frequently be produced from precursor ions 
(not necessarily molecular ions) with relatively 
long lifetimes,2 the possibility of extensive H/D 
scrambling prior to formation of the daughter ions 
should be seriously considered.E -\ number of 
previous observatioiis on differences in the high and 
low ev spectra of deuteriaied conipoands, which 
have been rstionalised in terms of energy-dependent 
isotope effects, might also be explained in terms of 
H / D  randomisation. 

(Received,  Jztly 29t11, 1968; Coin. 1086.) 

$ The observation of such a phenomenon call depend critically on the residence time of ions in the sourcc, which 
may vary not only from instrument to  instrument, but also from source to  source on the same instrument. 
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