
Laser selective chemistry 
3 -is it possible. 

With sufficiently brief and intense radiation, properly tuned 
to specific resonances, we may be able to fulfill a chemist's dream, 
to break particular selected bonds in large molecules. 
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One of the main goals of chemists is to 
understand the "alchemy" that leads to 
the building and breaking of mole- 
cules. There are many different ways of 
approaching this goal. One of these is 
photochemistry, the cracking of mole- 
cules by adding energy in the form of 
light to break bonds in the molecules. 
The resulting bond breakage is in most 
cases limited by statistical thermody- 
namic laws. With sufficiently brief and 
intense laser radiation properly tuned 
to specific resonances, we hope to bypass 
the statistical laws and break molecules 
precisely where we want to break 
them. Intellectually this is a challeng- 
ing problem; if we succeed, laser selec- 
tive chemistry may also have applica- 
tion in various areas of pure and applied 
chemistry and, perhaps, in medicine. 

Laser chemistry involves two basic 
questions: How can we break mole- 
cules selectively with lasers, and what 
happens when molecules are subjected 
to heavy doses of laser radiation? These 
questions on selectivity open the door to 
many other fundamental questions per- 
taining to absorption and emission light 
by molecules, intramolecular vibration- 
al relaxation, dephasing and coherent 
pumping by nonlinear optical pro- 
cesses. This article and the article by 
Vladimir Letokhov will explore what 
happens during and after the interac- 
tion between molecules and the laser 
field, covering single-photon and multi- 
photon absorption events. The other 
two articles in this issue by Richard N. 
Zare and Richard B. Bernstein, and by 
Yuan T. Lee and Ron Y. Shen are more 
concerned with state-to-state chemistry 
using lasers as effectors or detectors. 
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In large molecules (that is, those with 
more than several atoms) the bonds are 
weak or strong depending on the atomic 
constituents and on the shape of the 
molecule. When the atoms take on 
energy, the bonds vibrate according to 
well-known rules of physics. In addi- 
tion to vibrations, the molecules can 
convert the input energy to transla- 
tional or rotational motion. It takes 
different amounts of energy to excite 
these different degrees of freedom; for 
example, the quanta of vibrational ener- 
gy are larger than those for rotation. 

When molecules are heated indis- 
criminately, the energy will be distrib- 
uted statistically among all degrees of 
freedom; as the internal energy in- 
creases the weakest bonds will break, so 
that one can induce only a limited set of 
reactions in this way. However, be- 
cause lasers can produce much more 
power in very short times and over much 
narrower spectral ranges than conven- 
tional light sources, they can, in princi- 
ple, supply energy only to certain bonds 
in a molecule, leaving the other bonds 
cold. Thus, chemists could direct 
chemical reactions by breaking specific 
bonds that are not necessarily the wea- 
kest ones. But how do we go about such 
selective heating? To answer this ques- 
tion we must first know what goes on 
inside these large molecules-how the 
bonds "communicate" with each other, 
how fast the heat (or energy) spreads 
among the bonds or the different vibra- 
tional states. We must also understand 
why certain lasers can do the job while 
others cannot. In other words, we must 
still resolve some problems standing in 
the way of a happy marriage"ktween 
lasers and molecules-laser chemistry. 

Chemical selectivity 
When the degrees of freedom of a 

large molecule are efficiently coupled, 
energy supplied to one of the bond 

vibrations is soon distributed among 
them. Even a light source well tuned to 
one vibrational mode heats the mole- 
cule uniformly, and all vibrations reach 
equilibrium in accordance with the laws 
of statistical thermodynamics. The re- 
activity of the molecule under these 
conditions has been described by a well- 
known theory advanced by Oscar K. 
Rice, Herman C. Ramsberger, Louis S. 
Kassel, and Rudolph A. Marous (the 
RRKM theory), in which the intramole- 
cular vibrational relaxation is very rap- 
id.' In some sense, by using selective 
bond chemistry we hope to deviate from 
the RRKM scheme. There are several 
situations in which this statistical the- 
ory may not apply. For example, the 
reaction may depend on the energy 
present in each vibrational mode. Noel 
B. Slater has used a nonstatistical har- 
monic-oscillator theory to describe some 
isomerization reactions such as 

C 
\ -+ C=C-C 

C-C 
that ought to follow such a scheme. 

Another way in which the statistical 
theory can break down is that energy is 
supplied to one degree of freedom much 
faster than the energy can be distribut- 
ed to the others- because the intramo- 
lecular vibrational relaxation is slow on 
the time scale of the experiment, the 
incoming power is so large and mode- 
specific that one bond breaks before the 
vibrational modes can communicate. 

Intramolecular dephasing 
A large molecule containing N atoms 

has 3N-  6 vibrational modes. The 
potential energy of these vibrations 
becomes anharmonic for large oscilla- 
tions, as the graph in figure 1 shows, 
reflecting the finite energy needed to 
break the molecular bonds. As a result 
of the anharmonicity, the spacing be- 
tween vibrational levels decreases with 
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