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From Robert Ellis and Denny Gullick, Calculus with Analytical Geometry
3rd Edition; Harcourt Brace Jovanovich: San Diego, 1986.



From Chemical and Engineering News, 19 May 2003

HAMMOND POSTULATE

1955 paper used transition-state theory to
explain structure-reactivity relationships

URING THE 19408 AND 19508,

physical organic chemists were

struggling to explain why sub-

tle changes in the structure of

reactants affect the rate of
chemical reactions and their product dis-
tributions. Competing theories and con-
fusion reigned.

George S. Hammond, then a young as-
sociate professor of organic chemistry at
Iowa State College, thought he could do
better by thinking about organic reactions
in terms of their transition states aswell as
their reactants and products. In 1955, he
suggested that transition-state theory—
which had previously been the domain of
physical chemists —could be used ina qual-
itative manner to explain structure-reac-
tivity relationships in a variety of organic
reactions.

Hammond laid out his postulate in a
Journal of the American Chemical Society pa-
per that ranks among the 125 most cited
in #ACS history [77, 334 (1955)]: “If two

states, as for example, a transition state

INTUITIVE Like many others, Hammond—
shown here nearly a decade after his seminal
paper was published—found his postulate to

be a useful pedagogical tool.

inal work by several organic chemists, in-
cluding the late Ronald P. Bell of Oxford
University, as well as the late Meredith G.
Evans and the late Michael Polanyi of Man-
chester University, in England. But unlike
earlier work, the postulate allowed organ-
ic chemists to discuss the outcome

fact, a similar idea had been put forward
by Florida State University’s John E. Lef-
fler a few years earlier [Science, 117, 340
(1953)}. But the qualitative nature of
Hammond’s version—there isn’t a single
mathematical equation in his 1955 JACS
paper—gave it staying power, Truhlar
says.

But Hammond’s idea wasn’t a “slam
dunk,” notes M. Frederick Hawthorne,
professor of chemistry at the University
of California, Los Angeles. Although it
was already entrenched in physical chem-

of complex reactions in terms of
the structure of their transition
states.

Hammond managed to identi-
fy those reactions or reaction steps
in which the transition state can
be assumed to be reasonably ap-
proximated by the structure of ei-
ther the reactant, intermediate, or

Ts
Ts

product. He cautioned that doing
sois only acceptable when the two
species’ energies are similar. In
highly exothermic reactions, the
transition state closely resembles
the reactant; in highly endother-
mic ones, the product is a better
model for the transition state.
The energy of a transition
state relative to that ofa
reactant, intermediate,
or product determines
the position of the transition
state along the reaction coordi-
nate. This in turn determines the
selectivity of reactions that give
two or more possible products.
This idea has been used, for ex-
ample, to explain the effects of
substituents on the rate of ben-
zilic acid rearrangements. The
type of rearrangement preferred
byunsymmetrical benzils can be
predicted by using the structure
of the intermediate that forms
upon attack of hydroxylion as a
model of the transition state.
“It was simple-minded stuff,

and an unstable intermediate, occur con-
secutively during a reaction process and
have nearly the same energy content, their
interconversion will involve only a small
reorganization of the molecular struc-
tures.” That is, along the reaction coordi-
nate, species with similar energies also have
similar structures.

Hammond'’s postulate built upon sem-

but it had not been stated at the
time,” Hammond demurs. But the pos-
tulate’s simplicity may be the secret to its
success.

“Hammond’s postulate became wide-
ly used and appreciated, not so much be-
cause it was revolutionary but because of
its clarity and generality;” says Donald G.
Truhlar, a professor of chemistry at the
University of Minnesota, Twin Cities. In

LOOK-ALIKE Hammond postulated that
in highly exothermic reactions (left) the
transition state (Ts) is structurally similar
to the reactant (R), but that in highly
endothermic reactions (right) the product
(P) is a better model of the transition
state. He cautioned against using the
postulate in more thermoneutral
reactions [center).

istry, transition-state theory was unfa-
miliar to many organic chemists when
Hammond published his paper. It took
some time to take off, Hawthorne says,
but it wasn’t long before the Hammond
postulate became embedded in the fab-
ric of organic chemistry.

As Hammond had suggested, chemists
put it to use in explaining structure-reac-
tivity data for a wide variety of reactions,
including electrophilic aromatic substitu-
tion reactions and reactions involving high-
ly reactive intermediates such as carboni-
um ions and carbanions.

In addition, a number of chemists, in-
cluding Edward R. Thornton of the Uni-
versity of Pennsylvania and Rudolph A.
Marcus of California Institute of Tech-
nology; have made key contributions to ex-
panding the Hammond postulate. —AMAN-
DA YARNELL

C&EN is celebrating the 125th volume of the
Journal of the American Chemical Society
by featuring selected papers from among its
125 most cited. This paper was ranked 15th.
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