
A New Window Onto 
the Chemists' Big Bang 
By using femtosecond laser pulses chemists can fm the fint 
time watch molecules in the act offormation or 
J;agmentation, thus yielding inshhts into the most crzlczal 
component of all chemical reactions, the transition state 

"0 BSERVING the instant of a 
molecule's creation is for a 
chemist what observing the - 

Big Bang would be for an astronomer," says 
Ahmed Zewail of the California Institute of 
Technology. "Molecules form our microuni- 
verse and it is offimdamental im~ortance for 
chemists to know how atoms and molecules 
get together to form new molecules." 

By combining two powerful new tech- 
niques, Zewail and his colleagues have re- 
cently moved a giant step towards this 
vaunted goal, achieving what Columbia 
University's Kenneth Eisenthal calls "an im- 
portant first for chemistry." With the aid of 
ultrashort pulses of laser light-a pulse with 
a duration of a few femtoseconds-the Cal- 
tech team has been able to monitor in real 
time the dynamics of the transition structure 
in a chemical reaction, its most important 
but also most ephemeral state. 

Chemical reactions typically pass through 
transition structures, whether they involve 
the coming together of two atoms or the 
fragmentation of an existing molecule. Dur- 
ing this brief state, the reactants are neither 
completely free of each other nor firmly 
united: they continue to perturb each other 
as they move closer or separate. "We need to 
know what determines the lifetime of the 
transition state, the energetics, the vibration 
and rotation characteristics, and so on," says 
Eisenthal. "Only then will we be able to fully 

understand and control chemical reactions." 
Until the Caltech's team's recent success, 

chemists were restricted to inferring indi- 
rectlv the characteristics of the transition 
state, often by catching glimpses of transient 
emission spectra produced by the rapidly 
changing complex or by monitoring energy 
states immediately before and after the reac- 
tion. In fact, it was for work such as this that 
Dudley Herschbach, Yuan Lee, and John 
Polanyi shared the 1986 Nobel Prize for 
chemistry. 

These workers resorted to indirect meth- 
ods such as these because the life-s~an of 
transition states-typically a picosecond or 
so-is far shorter than the time resolution of 
their techniaues. It was the chemist's eauiva- 
lent of trying to understand what caused a 
plane crash by examining the debris scat- 
tered on the ground. By dramatically im- 
proving the <me resolution of techr;iques 
for tracking reactions, Zewail and his col- 
leagues can "view" the transition state as it, 
for- instance, pulls itself apart-they can 
watch the plane as it disintegrates. 

When chemists first started analyzing 
transient states in chemical reactions, by 
using flash photolysis, developed by Sir 
George Porter, of the Royal Institution, 
London, the reactions were done in solu- 
tion. Because of the potential complicating 
factor of reactants interacting with solvent 
molecules, the technique of supersonic mo- 
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lecular beams was developed. "You pressure 
molecules through a nozzle into a low- 
pressure vacuum," explains Zewail. "The 
molecules expand into the vacuum, become 
cold, and are isolated from the rest of the 
world. You don't have to worry about the 
complicated chemistry that might occur 
with solvent molecules present." Polanyi 
and his associates employed this technique 
in their work. 

The novel contribution of Zewail and his 
colleagues was to combine the molecular 
beam technique with high-intensity, ultra- 
short pulse lasers, which give the potential 
for femtosecond resolution. To get an idea 
of just how short a femotsecond is, remem- 
ber that light will travel almost the distance 
from the earth to the moon in 1 second. In 1 
femtosecond it will travel only 1% of the 
width of a human hair. 

Zewail's technique involves two brief la- 
ser pulses, one to initiate the reaction, the 
second to record the energy of the reactants 
an instant later: he calls it the pump-probe 
technique. "In effect, we take a series of 
snapshots of the transition state," explains 
Zewail. 'We repeat the double pulse tech- 
nique many times, each time delaying the 
second pulse-the probe-just a little bit 
more. Typically we might go from 50 fem- 
toseconds to 1000 femtoseconds (1 picosec- 
ond), giving about 20 snapshots of the 
spectrum, from which we can build up a 
picture of what happens to the transition 
state through that time." 

The double pulse is in fact produced by 
splitting a single pulse from a dye laser, the 
second of the two being delayed slightly by 
passing through an interferometer. The 
wavelengths of the two pulses can be con- 
trolled, depending on the energy that needs 
to be pumped into a bond in order to break 
it and the energy of the transition state that 
has to be probed. 

Once they were set up to carry out the 
technique, the Caltech team decided to ap- 
ply it to the two basic reactions that interest 
chemists: the unimolecular reaction and the 
bimolecular reaction. 

In the first an existing molecule breaks 
apart when the appropriate energy is 
pumped into one of its bonds: in this case 
cyanogen iodide (ICN) shatters to give io- 
dine and cyanide (CN). A bimolecular reac- 
tion involves the collision of two atoms or 
molecules and the formation of a new bond, 
often with the breaking of an existing bond: 
in this case hydrogen interacts with carbon 
dioxide to form carbon monoxide, with the 
release of a hydroxyl radical. 

"Once you've pumped energy into, for 
instance, the iodine-carbon bond [in ICN], 
the iodine begins to separate from the CN," 
explains Zewail. "We can watch it on its way 
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out for about 200 femtoseconds, which is a 
few vibrational periods of the I-C bond. We 
can get direct information on the potential 
energy surface, and that is very exciting." 
The potential energy surface is a profile oi 
the energy that is holding the molecular 
components together, and it varies accord- 
ing to the separation between them. "This is 
what every chemist wants to know, because 
once you know the potential energy surface, 
you know everything about the system." 

For the foray into the bimolecular reac- 
tion, Zewail joined forces with Richard 
Bernstein of the University of California, 
Los Angeles. One potential problem with 
dealing with bimolecular reactions in 
Zewail's system is that the normal time 
between intermolecular collisions is very 
long compared with the subsequent reaction 
time. Zewail got over this by exploiting the 
fact that, when hydrogen iodide and carbon 
dioxide pass through the molecular beam 
process, they form a loosely bound complex. 
The desired reaction was then initiated by 
pumping energy into the H-I bond, which 
then breaks, propelling the hydrogen atom 
forcefully in the direction of an oxygen of 
the carbon dioxide. 

"The question is, when the hydrogen is 
attacking the carbon dioxide, how long does 
the dancing between them go on before a 
h a 1  product is formed," says Zewail. 'The 
answer is, quite a long time, 5 picoseconds. 
There had been some indirect evidence for ' 

this, but, once again, we were able to view it 
in real time." 

Zewail's femtosecond chemistry undoubt- 
edly is a dramatic advance, but it goes 
beyond simply increasing the time resolu- 
tion of watching reactions. 'We all get 
excited when we step up time resolution by 
a factor of 10," he says, "but what is most 
important here is that all the molecular 
dynamics are frozen." 

When you pump energy into a molecule 
for a picosecond (1000 femtoseconds), 
things begin to happen before the pulse is 
extinguished: the time scale for vibrations 
and rotations within the molecule are 
shorter than the time scale of the pulse. "But 
with a femtosecond pulse, nothing happens 
during the lifetime of the pulse-no vibra- 
tions, no rotations, nothing. You are look- 
ing at a frozen configuration, and after that 
you are free to follow in real time what 
happens to the chemistry." 

ROGER LEWIN 
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1 Gene Makeup a Surprise 
A recent study shows that two blood proteins with very different functions have 

surprisingly similar gene sequentes and structures. New data indicate that apolipo- 
protein(a), a plasma protein that may be a culprit in atherosclerosis and heart dis- 
ease, bears a remarkable similarity to plasminogen, a precursor of the enzyme that 
dissolves blood clots. The genetic and physical similarity between two proteins, 
previously thought to be unrelated, is completely unexpected. Richard Lawn, John 
McLean, James Tomlinson, Dan Eaton, and their colleagues of Genentech in South 
San Francisco, and Angelo Scanu and Gunther Fless of the University of Chicago 
report the complimentary DNA sequence of apolipoprotein(a) and its protein orga- 
nization in the 12 November issue of Nature. 

Apolipoprotein(a) or apo(a) is the protein part of lipoprotein(a). The latter be- 
longs to a still larger family of particles called low-density lipoproteins. "Lipopro- 
tein particles transport cholesterol and other insoluble fatty substances through the 
blood," says Lawn. "Recently, numerous studies have shown a correlation between 
atherosclerosis, heart disease, and an increasing concentration of lipoprotein(a)." 
Lawn and his collaborators propose that the apo(a) portion of the lipoprotein(a) 
particle may somehow provoke hardening of the arteries or heart attacks. 

The new results show that the internal structure of apo(a) contains an unusual 
series of repeated protein units or domains. They are particularly striking because 
of their number-37 in all for apo(a) in contrast to 5 such units for plasminogen. 
The gene structure that codes for this redundant arrangement in the apo(a) protein 
is also highly repetitive. "Apo(a) looks like a plasminogen gene gone awry," note 
the researchers in their report. 

The repeated domains of both apo(a) and plasminogen proteins are called krin- 
gles because their twisted three-dimensional shapes look like a kind of Danish past- 
ry. "Kringles contain binding sites for the molecule and orient it properly," says 
Lawn. For example, the kringles of plasminogen allow it to bind to fibrin, the pro- 
tein that actually forms blood clots. This permits a separate region of the plasmino- 
gen protein to be activated by plasminogen activator to form the enzyme plasmin. 
Plasmin is the enyzyme that dissolves the clot. 

The kringles of apo(a) are different, not only because there are many more of 
them, but also because they contain a large number of sugar residues. Although no 
one knows the function of the apo(a) protein, researchers believe that it somehow 
invites trouble. 

Perhaps the makeup of apo(a) or its high carbohydrate content increases the 
overall ability of the lipoprotein(a) particle to penetrate cells, speculates Scanu. As a 
result, the cholesterol-carrying complex may penetrate the endothelial lining of an 
artery easily, he says. Once there, it may become entrapped and resist the normal 
degradation and removal processes. Then, cholesterol may have a greater chance to 
accumulate and form a fatty deposit or atherosclerotic plaque. 

"I view this as a clinical problem, a practical problem," says Scanu. Researchers 
used to think that only certain people had lipoprotein(a) in their blood but now 
they recognize that everyone has at least some of it. However, no one is certain 
whether the amount of the lipoprotein(a) or the type of apo(a) that it contains pre- 
sents the greater risk. 

Scanu says that in all of the public recommendations made by the American 
Heart Association the risk of heart disease attributable to lipoprotein(a) is not men- 
tioned. People inherit a certain form of apo(a) and cannot eliminate their risk solely 
on the basis of diet. This characteristic distinguishes lipoprotein(a) from other low- 
density lipoproteins, such as the B-100-containing lipoproteins that are affected'by 
diet. Like lipoprotein(a), they also carry cholesterol around in the blood but are 
not thought to be dangerous unless they occur at very high levels. 

The new findings should make it possible to devise methods for measuring the 
amount and type of apolipoprotein(a) and lipoprotein(a) in the blood, Scanu says. 
Then researchers can correlate this information with susceptibility for atherosclero- 
sis and heart disease. In addition, the new results should make it possible to deter- 
mine how apo(a) and lipoprotein(a) lead to atherosclerotic plaque formation. 
Armed with this information, researchers may then be able to design methods for 
interfering with these processes. DEBORAH M. BARNES 
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