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Hydrogen is expected to have superfluidity below its triple point of 13.6 K although helium is
the only known matter which shows macroscopic superfluidity. Consequently, macroscopic
superfluidity of hydrogen could not be realized with the present technique, but microscopic
superfluidity of hydrogen may be realized in cluster size as shown for helium clusters by gas-phase
infrared spectroscopy and helium droplet infrared spectroscopy.

Recently, gas-phase infrared spectroscopy of clusters with multi-hydrogen molecules has been
studied for (H,)N-OCS and (H,)y-CO with N up to 7 and N up to 14, respectively, in gas-phase. No
evidence has been shown for the microscopic superfluidity in these systems. In the present workm,
(H2)n-N,O clusters for para-hydrogen and ortho-hydrogen with N up to 13 are studied by diode-laser
infrared spectroscopy in low-temperature supersonic molecular beam.

The, v; fundamental band of N,O in the 2225 cm’! region was observed for the (H;)n-N,O
clusters containing para-H, and/or ortho-H, and a single N,O molecule. The pulsed supersonic
expansion was probed by a tunable diode laser operating in a rapid-scan signal averaging mode. Slit-
and pinhole-shaped orifices were used with a cooled jet nozzle, the slit giving sharper spectral lines
and the pinhole giving lower temperatures and more clustering. The nozzle was cooled down to -90 °C
with liquid-N, flow and the backing pressure of the expansion gas was up to 24 atm. The expansion
gas mixture was mostly helium with 1%-3% hydrogen and less than 0.01% N,O. Para-H, was
prepared in batches by liquefying hydrogen in the presence of a catalyst, in which the residual
ortho-H, impurity level could not be directly measured but is believed to be less than 1%.
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with the ones of (He)n-N,O clusters obtained previously( ). Vibrational shift turns around N=5 similar

to (He)n-N,O clusters, which indicates that the first 5 or so H, molecules form a ring around the N,O

similar as the “donut” model in (He)n-N,O clusters.
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The most concerned is the variation of
the rotational constant with cluster size as
shown in Fig. 2. Both (para-H;)\-N,O and
(ortho-Hy)n-N,O clusters show a monotonic
decrease in B in contrast to (He)n-N,O clusters,
where a turnaround in B is observed for N>6.
The absence of a turnaround indicates that we
have no obvious evidence for superfluid-type
behavior for (para-H;)n-N»O clusters.

Larger (para-H,)n-N,O clusters up to
N=15 or 16 were also observed as shown in Fig.
3. The vibrational shifting stops (or slows
the R(0)
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generally monotonic decrease in B value with N except for a slight bump at N=10 and a larger bump at

N=14, 15.
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