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On the Activation Energy for Hydrogen Randomisation in the t-Butyl Cation

By ApriaN N. H. Yeo and DupiEy H. WILLIAMS*
(University Chemical Labovatory, Lensfield Road, Cambridge CB2 1EW)

Summary The energy required for the loss of methane
from the t-butyl cation in the mass spectrometer [1-9
+ 0-3ev; 44 + 7 kcal mol—?; (1-8 4 0-3) X 102 ky mol—1]
is also sufficient to randomise the hydrogens in the t-butyl -
cation ; the difference in heats of formation of n-butyl and
t-butyl cations, calculated on the basis that these ions
lose methane by decomposition over the same potential
energy surface is 33 4 9 kcal mol-! [(1-4 + 0-4) X 10%
ky mol—1].

potential energy surface (Figure), giving rise to metastable
peaks of the same shape. The difference in energies
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RECENT n.m.r. studies of carbonium ions in strong acid

solutions have resulted in the estimation of energies re-
quired for rearrangements of carbonium ions.! Saunders,
et al.? have shown that the energy barrier for hydrogen and
deuterium scrambling in the [1,1,1,2,2,2-2H ;]-t-butyl cation
generated in strong acid solution is greater than 28 kcal
mol-! (1-2 x 102 kymol-Y).

In the mass spectrometer, the hydrogens and deuteriums
in the [*Hg)-t-butyl cation, generated from labelled t-butyl
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FIGURE. Schematic vepresentation of energy levels of n- and t-butyl
cations and their decomposition.

The loss of deuteriated meihanes from C;HyD gt generated from t-C{H Dl and t-C,H,D¢Br 2
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Neutral species CDg-C-I® CD4-C-Brb Calculated values for:
lost from | Complete No
C,HDg* CH, CH, randomisation randomisation¢
CD, 15 4 3% 13 + 3% 12:0%, 33-3%
CHD, 4048 394+ 8 47-6 33-3
CH,D, 36 47 4048 35-7 0
CH,D 942 842 4-7 33-3

3 The data are taken from metastable transitions in the first field-free region of an AE1 MS9 mass spectrometer, operating at 4 kv.

The total loss of deuteriated methane for each compound is normalised to 100.
from the interference of metastable transitions for the loss of deuteriated methyl radicals from m/e 62 (M+ — HX).

1,2-elimination and no isotope effect.

iodide and bromide are completely randomised prior to the
loss of methane (Table). This behaviour parallels the
scrambling observed in the n-butyl cation.?

Appearance potential measurements on the metastable
peak for methane loss show that the energy required for the
loss of methane is 19 + 0-3ev [44 + 7 kcal mol-?; (1-8
4+ 0-3) X 102ky mol-1].t The value represents the upper
limit for the activation energy for hydrogen randomisation
in the t-butyl cation. Additional measurements show that
the loss of methane from the n-butyl cation requires only
0-5 4+ 0:3ev  [11-5 4+ 7kcal mol-?; (0-48 4 0-3) x 102
ky mol-1].

Prior to the loss of methane, n-butyl cations and t-butyl
cations isomerise to a common structure (or a mixture of
structures),® and the loss of methane occurs over a common

b The comparatively large errors in the data arise
¢ Assuming

required for the loss of methane from t-butyl and n-butyl
cations therefore gives directly (without recourse to the
heats of formation of other neutral species) the difference in
heats of formation of the two ions. This is found to be
32:56 + 9 kcal mol-! [(1-4 4 0-4) X 102kjy mol-']. For ions
in solution, it has been estimated® that the difference
between tertiary and primary carbonium ions is about
30 kcal mol—1 (1-:25 X 10% ky mol-1). Previous estimations®
of the heats of formation in the gas phase of the t-butyl
cation (176 kcal mol-; 7-4 X 102 ky mol-?) and the n-butyl
cation (218 kcal mol-1; 9-1 x 10% ky mol-?) give a difference
of 42 kcal mol-? (1-7 X 102kjy mol-1) for the two ions.
These values are in broad agreement with our direct
measurements.
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+ The error quoted is the estimated accuracy of the method used for appearance potential measurements (electron impact, semi-
logarithmic plots) (ref. 4).
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