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THE following is a prclimrnary report of a study of the secondary isotope cffcct on a 
gas-phase equilibrium. 

The substitution of /? dcuterium for hydrogen atoms in reactions in which the 
transition states possess considerable carbonium ion character lead\ to a reduction in 
the reaction rate.‘*’ Considerable evidence indicates that this isotope effect is asso- 
ciated with hyperconjugation stabilil.tion of the carbonium ion-like transition states.? 

Since the proposed relation between hypcrconjugation and the secondary isotope 
effect has been investigated only for reaction rates in solution, an important test of 
the scope of the theory is provided by an investigation of the secondary isotope cfiect 
on the position of equilibrium in an appropriate gas phase reaction. 

In carrying out such an investigation we have sclLy:ted as a model for a hyper- 
conjugated system the Lewis acid, H(CH,),. An appropriate equilibrium is the Lewis 
acid-base reaction of the class invcxtigatcd so extensively by H. C. Brown and his 
students:’ 

B(CH,),,,, f : W’X,),,,, .: (CH,), B: NW-i,),,,, (1) 

According to hyperconjugation theory.’ hyprconjugation stabilization of B(CH,), 
is expected to bc appreciably greater than that for the addition compound, (CH,), 
B:N(CH,)3, since the open orbltal on boron in the former compound is involved in 
bond formation with nitrogen in the latter. Consequently. the theory of the secondary 
isotope cf%zct anticipates that substitution of the p-hydrogen atoms of B(CH,), by 
deuterium (which is expected to reduce hyperconjugation preferentially in the reactant 
molecule of the above reaction) should shift the equilibrium (I) towards the addition 
compound. In other words the equilibrium constant for the following reaction 
(designated as KI,:KH) should be greater than unity: 

WCWa~,, i (CHU: x(C‘II,),,,, ;r H(CH,),(,, I. (CD&B: N(CH,),,,, (2) 

l This work was supporrcd in par1 by the O&X of Naval Rcscarch. Rcproducrton in whok or in 
part is permitted for any purpose of the Lntted Stares Government. 

? For reviews of this sub+ sty papers of L:. S. Lewis on page 143 and V. J. Shiner. Jr.. clsc- 
when in this volume. 
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Using a slightly modified procedure described by Brown er o/.,~J we have 
determined the equilibrium constants for reaction (1) over the temperature interval 

65-95” with both B(CH,), and B(CD,),, the sample of the latter compound containing 
no more than one per cent hydrogen. The values obtained for the former compound 
are in satisfactory agreement with those reported by Brown er 01.~ and those obtained 
with the latter compound give Ko/Krs =.: 1.25 -fr O-03. 

Thcsc results arc thus in accord with the prediction of the hyperconjugation theory 
of the secondary isotope c&t. Whatever the cause of the favorable formation of the 
heucy addition compound, (CD,),B:N(CH,),. the effect is actually larger than is 
apparent in the above value of KD/KH. The mass effect contribution of the transla- 
tional entropy change to the equilibrium constant of reaction (2) is: 

M I)~Cli2)2M~CD2)2I)N((~H2~2 
212 

.- -. .-. 

1 MI)~CI,2)2M~CH2)2l)S~~H2~2, 

O-89 

That is, the mass effect on the translational entropy favors the lighr addition compound 
by 11 per cent. It is probable that the mass effect on the rotational entropy change also 
favors the lighr addition compound, though by not as large a factor. The proposed 
greater inductive electron-releasing ability of dcutcrium than hydrogen,‘ if significant, 
would also favor the lighr addition compound. Thus there is an effect (or effects) 
favoring the heuacy addition compound by at least 36 per cent in the equilibrium 
constant (or > 200 &/mole in -dF”). We hope to bc able to identify these effacts 
upon completion of an examination of the spectra of the compounds involved in 
reaction (2). 
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