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TABLE I 

N1 4 COUPLING CONSTANTS 

Negative ion radical* |ONI, gauss 

Nitroethane 25.2 
1-Nitropropane 24.8 

2-Nitropropane 25.4 

1-Nitrobutane 24.3 

2-Nitrobutane 24.5 
* All generated in background electrolyte of 0.4 M KCl 

with 10% 1-propanol for solubility. 

diphenylamine and several derivatives of chloro-
promazine has been carried out in aqueous buffers. 
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RECEIVED JULY 10, 1961 

ON THE MECHANISM FOR LONG RANGE PROTON 
SPIN COUPLINGS 

Sir: 
In a recent paper, Kreevoy, et al.,1 question the 

evidence for hyperconjugation as a mechanism for 
long range coupling in unsaturated compounds2 

such as propargyl derivatives and suggest that a-
hydrogen bonding3 should be involved instead. 
They refer to recent theoretical work by Karplus4 

which, they claim, utilized essentially the a-hydro-
gen bonding model. This latter assertion is not 
valid. Though Karplus states explicitly4 that "the 
orbitals on the protons H and H ' whose coupling is 
being determined are taken to be part of the sigma-
electron system, this does not imply that hyper­
conjugation is not involved in his theory, since the 
proton spin coupling, as calculated by Karplus, is 
expressed in terms of hyperfine coupling constants 
and triplet state energies. Now the hyperfine 
coupling constants are obtained from e.s.r. data on 
related free radicals and insofar as the fragments 

H—C—C are concerned all theoretical interpreta­
tions6'6 involve hypero ljugation either in its mo­
lecular orbital6 or valence bond6 formulation. 

Thus the successful theoretical treatment of long 
range coupling* depends ultimately on hypercon­
jugation, rather than on the use of the a-hydrogen 
bonding model. 
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Apparently7 the fundamental difference between 
hyperconjugation and a-hydrogen bonding is 
that whereas hyperconjugation depends upon a 
non-vanishing magnitude for the exchange integral 
between a carbon p7r-orbital and the tetrahedral 
hybrid on an a-carbon, a-hydrogen bonding re­
quires a non-vanishing magnitude for the exchange 
integral between the p7r-orbital and an a-hydrogen 
ls-orbital. 

Until calculations have demonstrated that ac­
ceptable estimates of the latter integral can account 
for the magnitudes and signs of observed long range 
couplings, it seems more reasonable to interpret 
these couplings in terms of hyperconjugation. 
More elaborate arguments and evidence in support 
of this view may be found in some recent works.8 
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RECEIVED JULY 24, 1961 

ON d HYBRIDIZATION IN CHLORINE 

Sir: 
The use of hybridization in valence bond theory 

in order to explain observed molecular geometries is 
well known. The classic example is of sps hybridi­
zation in the group IV elements. In this case the 
bonding configuration (valence state) is consider­
ably above the ground state in energy. The neces­
sary promotion energy is regained upon bond forma­
tion yielding, of course, a stable molecule. 

It is known that compounds of fluorine and chlo­
rine exhibit many differences in structural proper­
ties. These differences frequently have been attrib­
uted to d hybridization in chlorine. Since chlorine 
has valence electrons in the 3s and 3p shells, excita­
tion of these electrons to the 3d orbital has been 
assumed to be relatively easy in contradistinction 
to fluorine where the necessary excitation is 2s and 
2p to 3d. The argument of easy orbital excitation 
when the principal quantum number remains un­
changed is based in essence upon the assumption 
that the field in which the valence electrons move is 
reasonably close to coulombic. 

In fluorine the energy of the center of gravity of 
states arising from 2s22p4 (3P)3d is 15.9 e.v.1 Until 
recently the energy location of states arising from 
the configuration 3s23p43d in chlorine was unknown. 
Humphreys and Paul2 and Minnhagen8 have an­
alyzed the chlorine spectrum. From their assign­
ments the center of gravity of states arising from 
3s23p4(3P)3disll.2e.v. 

In both fluorine and chlorine the excitation 
energy is large, in each instance being slightly less 
than 2 e.v. below the ionization limit. I t would 
thus appear arbitrary to select the configuration of 
chlorine involving 3d electrons from the wealth of 
configurations near the ionization limit. In view of 
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