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NEWS AND VIEWS 

Quicker reaction by design 
THE speed with which 
superoxlde dlsmutase 
(SOD) catalyses the con
version of superoxlde 
anions (02 '-) to hyd
rogen peroxide (H2 0 2 ) Is 
so fast that the reaction 
Is limited only by diffu
sion of the 0 2 ·- anion 
Into the active site of the 
enzyme. Getzoff et al. 
(page 347 of this Issue) 
have now Improved this 
apparently 'perfect' en
zyme by Increasing the 
net positive charge In 
the vicinity of the active 
site, hence facilitating 
diffusion of o2·- to the 
active site. The compu
ter model shows the 
paths of Incoming 0 2 '

(thln gold lines) under 
the Influence of brow
nian motion and the 
electrostatic field of hu-
man (Giu 133 -> Gin) SOD. The grid displays the electrostatic potentials surrounding 
the positively charged (blue) active site and the negatively charged (red) protein at 
points on a plane passing through the dlmerlc SOD molecule (Ca backbone, white 
tubes). The paths of 0 2 ·- (brighter as they approach the enzyme) terminate when a 
reaction occurs (gold octagon) at one of the two active sites (Cu and Zn Ions, the gold 
and blue spheres respectively). For computational methods see the legend to Fig. 3 of 
the paper. The computer graphics model was made by M. Pique, J. Talner and E. Getzoff 
with the Application VIsualization System software. G.R. 

frequency of the photolysis laser, and 
hence the photon energy supplied to 
ketene molecules, is varied. The 
PHOFEX signals showed steps matching 
those in the k(E) curves, consistent with 
the expectation that it is changes in k(E) 
which largely determine the structure in 
the PHOFEX spectra. 

What are the crucial features alluded 
to earlier that allow Moore and col
leagues' experiment to uncover the 
structure in the transition state associ
ated with ketene dissociation? The first, 
which is crucial in many modern experi
ments in spectroscopy and reaction 
dynamics, is the cooling of the reagents 
provided by the jet expansion. Strictly, 
the microcanonical rate constant de
pends not only on the internal energy of 
the reagent but also on its state of total 
angular momentum, J, as this must be 
retained during unimolecular fragment
ation. Jet cooling severely restricts the J 
states populated by ketene molecules, 
with the result that the averaging over 
different k( E ,J) curves is minimal and it 
does not obscure the structure in k(E) 
resulting from the pattern of quantum 
levels in the transition state. 

The second, and perhaps even more 
important aspect of the study is related 
to the special features of the ketene 
dissociation. As Fig. 1 indicates, there is 
a well-defined energy barrier along the 
path leading to the dissociation products. 
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This is not always the case for a uni
molecular reaction, and it leads to a 
transition state which is fairly tightly 
constrained and which consequently has 
rather well-separated quantum levels. 
The lowest frequency modes of motion, 
which lead to the closest-spaced quan
tum levels and hence to the most closely 
spaced steps in k(E), are the bending of 
the C-C-0 angle and the torsional mo
tions of the CH2 and CO moieties 
around the breaking C-C bond. The 
torsional motion becomes an internal 
rotation at energies of about 400 cm-1

. 

As a result, energy levels associated with 
this motion become much more closely 
packed and this may be the reason for 
the rapid, and essentially unstructured, 
increase in k(E) at the higher values of E 
which were examined. 

Another interesting characteristic of 
the results is that, in principle, the rate 
constant for dissociation at threshold 
should correspond to that associated 
with passage through the single, lowest 
level in the transition state, so that k(E'l) 
= 1/hp(El). Consequently, it should be 
possible to compare the density of rea
gent states at threshold derived from the 
experimental value of k(Fl) and the 
value estimated from a knowledge of the 
frequencies and anharmonicities of the 
vibrations of CH2CO. In practice, there 
is some uncertainty about the degener
acy of the transition-state quantum 

levels. But Moore and coworkers per
formed experiments on CD2CO, as well 
as on CH2CO, and find a fourfold reduc
tion in k(E'l), to be expected because of 
the greater density of states in this isoto
pically substituted molecule. 

The results of the experiments demon
strate clearly the quantization in the 
transition state of dissociating ketene. A 
logical follow up will be to compare the 
experimental results with detailed cal
culations of k(E), based on accurate 
computations of reagent state densities 
and transition state quantum levels. In 
this way, and perhaps with still higher 
resolution in the experiments, it may 
be possible to uncover non-RRKM 
behaviour3 associated, for example, with 
some breakdown in the entirely statistic
al base of RRKM theory. 

There is little doubt that Moore's 
work will stimulate others to similar 
efforts. Indeed, already a paper4 from 
Wittig's laboratory at the University of 
Southern California reports observations 
of the steplike variation of k(E) in the 
photoinitiated decomposition of N02• 

The small size of this reagent, and conse
quent reduction in p(E), means that its 
unimolecular lifetime just above Fl is in 
the picosecond range, requiring the use 
of subpicosecond laser pulses for excita
tion and observation (in this case of 
NO). The size also brings an important 
benefit, as it simplifies the quantum level 
structure in the transition state, although 
the interpretation is clouded by exten
sive mixing of electronic states at ener
gies sufficient for dissociation. 

Other reactions which suggest them
selves as targets for this kind of study are 
those with tightly constrained transition 
states, so that the quantum levels in the 
transition state, at least close to 
threshold, are widely spaced. Four
centre unimolecular decompositions, 
such as the elimination of hydrogen 
halides from halogenated alkanes and 
alkenes, are prototypical of such reac
tions. They occur via transition states 
which should have easily resolvable 
structure5 . Whether the other condi
tions, which have been so successfully 
satisfied in the experiments in Moore's 
and Wittig's laboratories, can be satis
fied in these other molecular systems 
remains to be seen. D 
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