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Amplified
The NMR signal of propane formed by hydrogenation
of propene with p-H2 is 300-fold stronger than the
NMR signal of propene.

Credit: Science © 2008
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Peeking At Reactions
NMR method visualizes hydrogenation reactions inside microreactor

By Celia Henry Arnaud

Department: Science & Technology

MANY INDUSTRIAL PROCESSES rely on catalytic hydrogenation. Pinpointing
the active parts of a catalyst bed could help optimize those processes. A new
nuclear magnetic resonance (NMR) imaging method allows researchers to
visualize where hydrogenation reactions occur as gas-phase reactants flow
through a microreactor (Science 2008, 319, 442). The method could be used as
a tool for catalyst development and microreactor characterization.

The method was developed by a team led by chemistry professor Alexander
Pines and postdoctoral associate Louis-S. Bouchard of Lawrence Berkeley
National Laboratory and the University of California, Berkeley. The researchers
use the para form of hydrogen to amplify the NMR signal of the product of a
catalytic hydrogenation reaction.

p-H2, a spin isomer of molecular hydrogen in which the magnetic spins of the
two protons are aligned in opposite directions, has no observable NMR signal on

its own. But when the two hydrogen atoms participate in a pairwise hydrogenation reaction, they become magnetically inequivalent.
The result is a polarized product with an enhanced NMR signal.

The researchers use the method to observe the hydrogenation of propene to propane inside a microreactor. The signal from the
polarized propane is 300-fold stronger than the propene signal. By mapping product formation, they can identify the active regions
of the catalyst bed.

Although the method requires p-H2 to be one of the reactants, it "allows you to study an even broader class of chemical reactions,"
Bouchard says. With the judicious selection of radio-frequency pulses, the researchers can extend the lifetime of the polarized
product so that it can be used in other reactions. For example, a polarized alkene formed by the hydrogenation of an alkyne could
be used to study polymerization reactions.

M. Daniel Raftery, a chemistry professor at Purdue University who develops NMR methods, calls the research "very impressive
work." The method "should provide tremendous information for modeling studies," he says.
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