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ABSTRACT

High resolution infrared spectra of clusters contairpagaH, and/ororthoH, and a
single nitrous oxide molecule are studied in the 2225 r@gion of thev; fundamental band of
N,O. The clusters are formed in pulsed supersonic jet expenfiom a cooled nozzle and
probed using a tunable infrared diode laser spectrometer.siiiple symmetric rotor type
spectra generally show no resolegtructure, with prominer®-branch features fasrthoH,
but notparaH clusters. The observed vibrational shifts and rotaticonstants are reported.
There is no obvious indication of superfluid effects garaH, clusters up td\N = 13. Sharp
transitions due to even larger clusters are observedydodefinite assignments are possible.
Mixed (paraH;)n-(orthoH;)m-N2.O cluster line positions can be well predicted by linear
interpolation between the corresponding transitiontb®pure clusters.

l. INTRODUCTION

Recently it has been shown that high resolution rietespectra can be observed and
assigned for small helium atom or hydrogen molecule ckistentaining a single chromophore
molecule. So far, helium clusters are more thoroughlyistl, with a number of chromophores
being utilized (OCS, MD, CQ, and CO)’, and analogous microwave spectra also being
detected in some cases. It is thus possible to extembpsehelium nanodroplet isolation
spectroscopy (HENDI) resuft® which involved cluster sizes df= 10° to 1¢, to the regime
of small clusters witiN = 2 to 20.

In the case of hydrogen clusters, we previously repogedtsa of paraH,)\-CO with
N = 2 to 14 and of paraH,)x-, (orthoH,)y, and (HD)-OCS withN = 2 to 7*? In general, it
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has proven more difficult to pursue spectroscopic obsensmtio largerN-values with
hydrogen than with helium. But hydrogen introduces noveé@s to these cluster studies,
such as the availability of different formpataH,, orthoH,, HD, etc.), the presence of
unquenched rotational angular momentum dothoH,, the possibility of observing mixed
clusters (containing various forms of hydrogen and/duimg) and even the possible chance of
observing superfluid effects in finite siparaH, clusters-*>* A further reason for interest in
hydrogen clusters is the possibility of comparisons wittrix isolation spectra obtained with
solid hydrogert?

For (hydrogenyOCS, simple symmetric rotor type spectra without resbIK-
structure were observétdProminentQ-branch features were present éothoH, and HD, but
absent foparaH,. The vibrational shifts and rotational parametergtinoaed trends previously
observedf for the binary complexes (witKl = 1), but there was no evidence for decoupling of
the rotational motion, as observed in He clustérshich could be attributed to the onset of
superfluid behavior. The present paper reports infraredrapaicthydrogeny-N,O clusters, as
observed in the 2225 ¢hregion of thev; fundamental band of #0. Since OCS and 40 are
members of the same ‘carbon dioxide molecular familyg present results are somewhat
similar to those of Ref. 12, for example the absenesfmce of stron®-branch features for
paraH,/orthoH,. Fortunately, in the present case it has been pessbbetect spectra for
larger clusters, especially foparaH,)n-N>O where assignments are possible up to aboat
13 and lines can still be observed up\te 20.

H. is lighter than He, but intermolecular forces invadyiH, are usually stronger, so
that quantum effects tend to be less significant in lg@halusters. Nevertheless, the hunt for
possible superfluidity irparaH, clusters has motivated a number of recent experifi&hits
involving (hydrogen}-OCS clusters embedded within He nanodroplets and corresgondi
calculation$®# Helium nanodroplets have also been Us¢dl isolate small (HQ) — HCN
clusters. Pure hydrogen clusters are of considerableestiebut more difficult to observed
spectroscopically: infrared spectra of hydrogen dimers,,(Hre well knowrf? calculations on
hydrogen trimers, (bJs, have been reportédand larger clusters have recently been observed
by Raman spectroscopy.

Hydrogen molecules have two nuclear spin stgiasa with resultant spin zero, and
ortho with resultant spin one. Symmetry allows only evealues of rotational angular
momentum foparaH,, and only odd values farthoH,. In the present experiment, pdraH,
molecules havd = 0, and albrthoH, haveJ = 1, because the effective rotational temperature
is low (< 1 K). This rotational quantum number tendseimain ‘good’ even in a cluster, that
IS, H, rotates almost freely. SparaH, molecules are effectively spherical. At room
temperature, normal Hs composed of 25%ara and 75%ortho and this ratio persists in a
supersonic expansion, since spin conversion is sloweMer, it is relatively easy to prepare
almost pureparaH; in the laboratory, as we have done here.

. RESULTS
A. Experimental details

The apparatus has been described previGd3lyA pulsed supersonic expansion was
probed by a tunable diode laser operating in a rapid-sgaal saveraging mode. A room
temperature PO gas cell and temperature-stabilized solid Ge etalone wesed for



wavenumber calibration. Slit- and pinhole-shaped osfizere used with the cooled jet nozzle,
the slit giving sharper spectral lines and the pinholengiNower temperatures and more
clustering. The expansion gas mixture was mostly heliithn Ivto 3% hydrogen and <0.01%
N,O. ParaH, was prepared in batches by liquefying hydrogen in the presef a catalyst, and
then mixed with the other gases as described previtusly.

B. (paraH;)y — N2O clusters

The starting point of this work was our previous resudts H,-N,O complexes?
where distinct, but similar, spectra were observedpfwvaH,-N,O andorthoH,-N,O. These
were analyzed as-type @AK, = 0) transitions of an asymmetric rotor with a Byséd
structure, effective intermolecular separations of aBo#itd, and angles of about 80° between
the NNO and intermolecular axes. By cooling the jetzie and going to higher backing
pressures than used in Ref. 16, additional lines due to lahg&ters started to appear, as
illustrated in Fig. 1. Here the lower three traces sitejet spectra (narrower lines, higher
effective temperature), the upper three traces are pinholspectra (broader lines, more
clustering), and within each group the traces are arramgedder of increasing backing
pressure. In the lowest pressure slit jet trace, al@bshe features are known lines ofON
(marked OR(0) and OR(1), where the first digit idl, the number of FHimolecules), oparaH,-
N.O (marked 1, or R(0), etc.), and obrthoH,-N,O (marked 1#). These lines oifthoH,-
N,O appear even though almost pure (>99#pH, was used here. This is a manifestation of
the fact thabrthoH,-N,O complexes are more strongly bound and tend to formrpreially
in the competitive supersonic jet environment. Judginghbyrelative strengths of tH(0)
lines of the twoN = 1 species, ouparaH, purity was somewhat better here than previously
(cf. Fig. 1 of Ref. 16).

Even in the bottom trace of Fig. 1, a couple of weak lmeg also appear which can
readily be assigned &{0) of (paraH.).-N.O and paraH,)s;-N.O (marked R(0) and 3R(0)).

As the pressure is increased further, additional lines aapgdae to larger clusters, with
assignments as indicated. TH&@) and R(0) lines are almost coincident, so that they are not
easily resolved in the pinhole jet spectra. But forteigathey can be clearly distinguished in
the slit jet spectra. The series turns around and thdren a rather large gap befor&(®)
appears (this was also the case fargH,)\-OCS)> followed by R(0) and &(0) moving to
lower wavenumbers. There is a complication (@ in that the single moderate-strength line
in the pinhole jet spectra appears to fragment into abauraf components in the better-
resolved slit jet spectra. This point is discussed fuith&ec. IIl.A. below.

The further evolution of the spectrum with increasedtetuyy is shown in Fig. 2. This
and subsequent figures were recorded with a partly-skimmedi@inbzzle arrangement (not
yet optimized) which combines some of the advantagéseopinhole and slit configurations.
The assignedR(0) features foN = 8 - 11 are quite evenly spaced, although 9 and 10 are
weaker and 10 is somewhat overlapped by other lines. Sulbglygtiee R(0) lines marked 11,
12, and 13 are stronger and more clearly resolved. Ovwbatssignments up to this point are
reasonably unambiguous, though of course this judgment regemgsareful examination of
these and many other spectra. Most of the strong addimédeatures in the spectra can be
explained, and virtually all expected lines can be acesufur (though they may be obscured
by stronger lines). The collected assignmentsgdaraH;)n-N2O clusters are listed in Table 1.



What about even larger clusters, wil> 13? Figure 3 shows the results of moving to
higher backing pressures with a cold (-92 C) nozzle. Amatbgularly spaced line appears
which we can assign to 1R(0), but then about 8 to 10 lines appear with little apparent
regularity in the region from 2223.0 to 2223.3 ¢rimcluding a particularly prominent one at
2223.243 ci. Finally, in the top traces of Fig. 3, further clusigris manifested by the
disappearance of these sharper lines and the appearamatrong broad feature centered at
about 2223.10 cthwith an overall width of about 0.2 ¢minterestingly, some residual
structure (widths: 0.01 cn) persists on the broad peak. There also seems tavbaker, but
equally broad feature centered at about 2223.48 Spectra recorded in the region below
2222.8 crit (not shown here) show no further structure. So wespaculate thatp@raH)-
N,O clusters have a reasonably regular spectral structute apoutN = 15, followed by a
range from abouN = 15 to 25 where th&(0) lines are still sharp (<0.004 ¢jnbut their
positions are irregular. Then fo greater than about 25 tR¢0) lines become broader (or at
least so closely spaced that they are not resolvetivastly coalesce around 2223.1°cm
Further discussion of larger clusters is given in Sé€.Ibelow.

C. (orthoH,)y — N,O clusters

We knew® that the binaryorthoH.-N,O complex exhibits a larger vibrational shift
(+0.624 crit) than doegaraH,-N,O (+0.226 crii). Thus we expected the first féR{0) lines
of (orthoH)n-N2O to spread out considerably more than thosear,)n-N-O, since these
lines tend to form a regular series = 1 to 4 or 5. This was indeed the case, as is shown in
Fig. 4 which was obtained using normal iH the expansion gas mix, in contrast to Figs. 1-3,
obtained with almost purearaH,. For orthoH>-N,O, theR(0) line lies 0.455 cihabove that
of N2O itself. The next prominent pressure-sensitive lioeues a further 0.495 chrhigher in
wavenumber, and was assigned d¥(@); subsequertl R(0) lines were assigned with further
blue shifts of 0.560, 0.567, and 0.231'c(aee Fig. 4). Based on {l&-OCS spectr&’ we also
expected, and indeed foun@:branch features anB®(1) lines to be more prominent with
orthoH, clusters than witlparaH,, particularly for largeiN-values (> 3). For example, in Fig.
4 the features marked® and 5R(1) are almost the same strength &&(®). This difference
betweerortho andpara clusters is a nuclear spin statistical effect, asudsad below.

The measured wavenumbers of tleethoH,)n-NoO cluster transitions are listed in
Table 1. We consider there assignments to be feefigble up to and including = 6. ForN =
7 (not shown in Fig. 4), they are less certain, butsgeite reasonable; one difficulty is that
each of theN = 7 lines is only partly resolved from a stronger nieigh We did not observe
any evidence for largerthoH; clusters.

D. Mixed clusters

We observed a considerable number of features whichd dmilassigned to mixed
(paraH;)n-(orthoHz)m-N2O clusters. Some of these were apparent even when fussiy
paraH, in the expansion gas mixture, as the outnumbered bukiestmrthoH, molecules
attempted to dominate, and others were apparent when woeimngal H. We also made
systematic investigations by adding small amounts ahabH, to paraH, samples in order to
help to confirm and extend the assignments.

As an example, Table 11l lists tH&0) transitions of all possible mixed clusters with (
+ M) = 2 to 5. A few of these mixed cluster lines areblasin Figs. 1 and 4, where they are



marked ‘m’. The positions of the mixed cluster linesevebserved to fall very close to what is
expected by linear interpolation between tR@) transitions of the corresponding pure
clusters, as already noted for OCS clustef®his is shown in the last column of Table IlI. For
cluster size | + M) = 5, we noted a small systematic variation frons timearity, with the
residuals (obs- calc) in Table 11l being equal to +0.012, +0.020, +0.021, +0.013fomthe
clusters with i, M) = (4,1), (3,2), (2,3), and (1,4), respectively.

Some transitions other th&{0) were also observed for the mixed clusters, but we do
not have enough of these for a detailed analysis. Toblgm is that we rapidly reach a
‘confusion limit" due to the overlapping of lines and tH#ution of intensity from the
abundance of possible mixed species.

. ANALYSIS and DISCUSSION
A. Nature of the spectra

As in the case of (B-OCS!? the presenparaH, clusters do not exhibit promine@
branch features. In contrast, the strahépatures observed in tloethoH, spectra indicate the
presence of higheK-values. The difference between tpara and ortho clusters is due to
nuclear spin statistics. Briefly, mogaraH, clusters are ik = 0 levels, for whiclQ-branches
are not allowed, because energetically accesKikleO states are symmetry-forbidden due to
the zero resultant nuclear spin pdraH,. The relative intensities of the various observed
transitions are very different for thgara andortho clusters, but they follow closely the trends
observed for (B\-OCS and can be explained in exactly the same tegasSac. I11.B. of Ref.
12).

Clusters withN = 2 are a special case, since they must be asymma&wois. We noted
the presence of some broad unresolved structure around 222%4ghith may be due tQ-
branch transitions ofpéraH,),-N,O — this is indicated on Fig. 2. In the case @thoH,).-
N,O, there is &-branch with some partly resolved structure (see Figart),moreover there
may be substructure on tH&(0) and R(1) transitions (satellite features at 2225.524 and
2226.025 cm, respectively, also apparent in Fig. 4). In the simpése of HeN,O it has
recently been possible to make a detailed experimemtiaireoretical energy-level analyéls;
we can expect that a similar detailed analysis shoufbbsible for (H)-N,O in the future.

As mentioned above, thedraH,)s-N.O cluster posed a problem in that R§0)
transition, which was a single line in pinhole jetcpe (colder but lower resolution), seemed
to split into two or more weaker components in stitsjgectra. It was difficult to tell whether
this was also the case for other transitiongpafdH,)s-N-O since they were weak at best and
sometimes obscured by other lines. The apparent gplittirR(0) could be an artifact of
spectral resolution, that is, the same components present in the pinhole spectrum, but just
not resolved. Or it could be a real effect of tempeetthat is, very low-lying energy levels
became populated in the warmer slit jet spectrum, leadongmultiple R(0O) lines.
Experimentally, the latter possibility seems morelyikbut it is difficult to be sure. Either way,
we speculate thatl = 6 may also be a special case, in which a singlenblecule has been
added to a stable “core” (namely tRe= 5 cluster, with its filled donut ring — see below). In
this “core plus single particle” model, the= 6 cluster is more likely to act like an asymmetric
rotor (for example, with distina- andb-type R(0) transitions) and/or more likely to have very
low frequency vibrational modes (which would be populatetthénslit jet, but not pinhole jet,
spectra).



B. Fitted parameters

Due to the very simple nature of most of the spectoar@solvedK-structure) it was
possible to analyze them using a simple linear molesndegy level expressioi(J) = v, + B
J(J+1) —D [J(I+1)]>. Table IV shows the results of fitting this expressio the line position
data of Tables | and Il. These parameters are maiapnded for purposes of intercomparison,
rather than detailed analysis, since (for one thing)know little about the detailed rotational
energy level structure of these clusters. Thus in nestscthe upper and lower stBtealues
were constrained to be equal, and the parameter untiegare not quoted here (these would
be almost meaningless because of the limited data angrmwance of the true Hamiltonian).

The variation in the band origins for the J#N,O clusters from Table 1V is illustrated
in Fig. 5, which also shows for comparison the dataHeg-N,O.> For N = 1 to 4, the
hydrogen (and helium) clusters show an trend of almosadivibrational blue shifts, though
the magnitude of the shift is more than twice as l&wgerthoH, as forparaH, and He. Then
in going fromN = 4 to 5, there are significant reductions in the shii¢ forpara andorthoH,
(more so fomara), and only a slight reduction for He. HoaraH, and He the vibrational shift
turns around in going froMl = 5 to 6, and the trend is then uniformly negative. e
turnaround also happens forthoH,, but not until above 6. These vibrational shift treods
be explained by the ‘donut’ model, in which the firstr5so H molecules (or He atoms) form
a ring around the JO in the energetically favored T-shaped configurationekVtihe ring is
filled, the subsequent Hmolecules must then occupy locations closer to the ehtte NO,
where they have a net red shifting effect. The presmilts appear to indicate thaparaH,
molecules almost fill the donut ring, so that the rirgnabter is forced to increase and/or the
fifth hydrogen starts to spill out of it. In contragtith (Hen-N.O clusters, 5 atoms are close
to a perfect fit. We can naively suggest thas id larger than He, so that slightly fewer are able
to fit into the donut. The behavior ofthoH, is similar, but the turnaround is less sharp. A
possible rationalization for this is to note that thitial blue shift rate foorthoH, is so large
that it simply takes longer to overcome it and finatygin the red shift.

The vibrational shifts observed previodslfor (hydrogen)-OCS clusters are different
than those seen here in that they are uniformly negéte. red shifts). But there are also
strong similarities, with an almost linear slope o~ O to 5, followed by a change to a more
negative slope. In a further similarity, therthoH;)n-OCS clusters are always more blue
shifted thangaraH;)n-OCS (c.f. Fig. 5 of Ref. 12).

The variation of the rotational constant with cluss&e is shown in Fig. 6. Both
paraH, andorthoH; clusters show a monotonic decreasB,iwith theorthoH, B-values being
uniformly somewhat smaller. This difference, alsoesbsd for (H)\-OCS clusters? means
that anorthoH, cluster of a given size has a larger rotational monoérinertia than the
correspondingparaH, cluster. Thus therthoH, molecules must be further away from the
N,O, even though they are more strongly bound to it ¢r.#oH, is larger and stickier than
paraH,). The monotonic decrease i stands in contrast to (HeN.O clusters, where a
turnaround irB is observetfor N > 6. The absence of a turnaround in Fig. 6 indicatesxt@at
have no obvious evidence for superfluid type behavior(faraH,)y-N.O clusters. TheB-
value for paraH,)s-N.O is a bit higher than would be expected on the badiseofemainder
of the curve in Fig. 6. To a lesser extent, the santrue for ¢rthoH,)s-N,O, and indeed for
the (H,)-OCS cluster$ with N = 5. It is also evident in theoretical simulations(jueraH)-



OCS? We can take this as additional evidence for the speataire of theN = 5 clusters,
with their filled donut ring. There is no room lefttine ring for the sixth added,Hnolecule,
which is forced to locate farther from the clustentee of mass, giving a larger increase in
moment of inertia.

C. Larger paraH; clusters (N > 10)

It is apparent from Fig. 3 that something happengaoat,)\-N.O as the cluster size
reaches about 15 or 16. The vibrational shifting stopslgws down), the regularity of the
R(0) line progressions ends, and the lines begin to brodkeybe these changes are related to
the completion of the first solvation shell pdraH, molecules around the,0. At this point,
H.-H; interactions would start to become more importam tHaN,O interactions. Different
isomers might become possible, leading to fragmentatidhe spectrum, and eventually the
clusters might show crystalline, rather than liquid-likeharacteristics. Alternately, the
confusion aroundN = 15 could be a manifestation of an onset of superfluiectst this
explanation is supported by the very recent theoreticallations of araH,)n-OCS clusters
by Paesani et & which show a generally monotonic decreasB-iralue withN except for a
slight bump atN = 10 and a larger bump &t = 14, 15. The existence of a simiBsvalue
bump in the present case could help to explain the braak R(0) series arountl = 15.

Thinking in terms of the limit of very largd, a study of the spectrum ot® isolated
in aparaH, matrix would be very interesting for comparison witf. B.

IV.  CONCLUSIONS

In the face of the somewhat similar behavior of pasaH, andorthoH, clusters, it is
easy to forget that eaatrthoH, molecule has rotational angular momentuhy 1. Most
differences betweepara and ortho clusters can be explained by nuclear spin effects, not
rotational angular momentum, as shown by spectra of){{diCS*? We have previously
posed the question of what “happens to” this angular mammerm orthoH,-containing
complexes or clusters, and we still don't have an ansi@ some binary complexes like
orthoH,-N,O, the angular momentum “mysteriously disappears” (in tiet observed
spectrum is similar tgaraH,-N,0),® whereas for others, likerthoH,-CO,, it “reappears”
(the spectrum is very different fromaraH,-CO,).”° In the case of a larger cluster like
(orthoH3);-N-O, it is daunting to try to imagine the fate of all$bd = 1 angular momentum
vectors!

This paper has reported high resolution infrared spectfeyadrbgen clusters seeded
with a single nitrous oxide chromophore molecule. Thepectra accompany the;
fundamental band of #0 near 2225 cify and were recorded using a rapid-scan tunable diode
laser system to probe a pulsed supersonic jet expansiosteiICsizes up tdN = 7 for
(orthoH;)n-N2O, and up taN = 13 for paraH;)-N,O, were analyzed, and even largaraH,
cluster transitions were readily apparent but not easslgigned. The observed spectra
generally had a very simpk, Q-, R-branch structure, with prominet features foiorthoH,
but notparaH,. Mixed clusters containing botbaraH, andorthoH, were also observed with
line positions that could be accurately predicted by dinet@rpolation between those of the
same-sized pure clusters. The derived vibrational bagathsishowed an initial blue shift up to
N = 5 or 6, corresponding to filing of an equatorial “donag’t around the BO, with a
magnitude which was considerably greater for diteéoH, clusters. This was followed by a



red-shift as subsequent Fholecules were forced to locate closer to the endseoNO. The
derived rotational constants showed a monotonic dexreath a slight kink alN = 5 giving
evidence of this cluster's compact size and greateilitstaBenerally speaking, the present
results are similar to those reported fog)(HOCS, and they bring us close to the regidre(
15) where certain superfluid effects are predittem become significant fquaraH, clusters.
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Table |. Assigned transitions foparaH2)x-OCS clusters (in ci).

P(2) P(1) R(0) R(1) R(2)

N
2 2223.0960 2223.6494 2224.7718 2225.3207

3 22235202 2223.9847 2224.9421 2225.4031 222%5.840
4  2223.9196 2224.3284 22251329 2225.5335 2225.9293
5 2224.0992 2224.4473 2225.1396 2225.4832 222%5.840
6 2224.325% 2224.8355 2225.0917 2225.3464
7 2224.2083  2224.6353 2224.8477  2225.0570
8 2224.1142  2224.4795 2224.6615

9 2223.9977  2224.3278 2224.5000

10 2223.8900 2224.1914 2224.3400
11 2223.7810 2224.0583 2224.1914
12 2223.5792 2223.8333

13 2223.3450 2223.5792 2223.6929

% Not included in fit.
® Note that 4°(1), 6P(1) and 9 R(0) overlap (see text).
¢ Coincident with 1R(0).

Y These assignments are less certain (see text).
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Table 1I. Assigned transitions foorthoH2)x-N,O clusters (in cif).

N P(2) P(1) Q) R(0)

R(1) R(2)

2 2224.4756  2224.99

3 22247737 2225.2130 2225.6532 2226.0970

4 22245493 22259233 2226.2920 2226.6643

S  2225.9605 ¢ 2226.5833  2226.8952
6 2226.6053 2226.8426
7 2226.6466

2225.5369

2226.0512

2226.5302 2226.9511

b 2227.3929

2227.2032  2227.5094

2227.0756

2226.8290 2227.0188

#Not included in fit.
® Obscured by the 2D R(3) line.

° Obscured by the @ line
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Table 111. R(0) transitions of mixedpéraH,)x- (orthoHz)w - N2O clusters (in cif).?

N+HM N M ObservedR(0) Predictedr(0) #

2 1 1 2225.154 2225.154
3 2 1 2225.326 2225.327

3 1 2 2225.710 2225.712
4 3 1 2225.518 2225.516
4 2 2 2225.902 2225.899
4 1 3 2226.284 2226.281

5 4 1 2225.503 2225.491
5 3 2 2225.862 2225.842
5 2 3 2226.214 2226.193
5 1 4 2226.557 2226.544

? Predicted by linear interpolation between the obsER(8) lines of the corresponding pure
clusters of the same siz§ ¢ M).

® Partly obscured by paraH,-N,O line.
‘Partly obscured by therthoH,)4-N,O Q feature.
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Table IV. Linear molecule analyses of the infraredhsitions of (H)xn—N,O clusters (values in cm

1).a

N  hydrogen Vo B’ B” D"=D’
2  paraH, 2224.2102  0.2803 0.2817  0.19x 10°
3  paraH, 2224.4625  0.2407  0.2407 0.66x 10°

4  paraH, 22247279  0.201%9 0.2019 0.02x 10°
5  paraH, 2224.7923  0.1731 0.1731 0.01x 10°
6  paraH, 22245806  0.1277 0.1277 0.00x 10°
7  paraH, 2224.4218  0.1069  0.1069 0.06x 10°
8  paraH, 2224.2969  0.091%  0.0914 0.03x 10°
9  paraH, 2224.1628  0.0819  0.0819 -0.30x 10°
10  paraH,  2224.0407  0.0755  0.0755 0.0% 10°
11  paraH, 2223.9197  0.0695  0.0695 0.07 10°°
12  paraH, 2223.7063  0.0637  0.0637 0.07 10°°

13 paraH, 2223.4621  0.0588  0.0588 0.14x 10°

2 orthoH, 2225.0076  0.2637  0.2670 0.51x 10°
3  orthoH, 2225.6539  0.2217 0.2212  0.33 10°
4  orthoH, 2226.2920  0.1867 0.1849  0.28x 10°
5  orthoH, 2226.5826  0.1562  0.1562 0.10x 10°
6 orthoH, 2226.6053  0.1190  0.1190 0.18x 10°

7  orthoH, 2226.4544 0.0965 0.0965 0.20x 10°°¢

4B’ was constrained to equal 0.99B%

® B’ was constrained to equi.

° D was constrained to this value.
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FIGURE CAPTIONS

Observed infrared spectra phraH,)\-N2O clusters. Digits preceding the rotational
assignments give the cluster si2¢, so that 3R(0) is theJ = 10 transition of
(paraHy)s-N2O. The top 3 traces are taken with a pinhole jet npard the bottom 3
with a slit nozzle; within these groups the tracesaranged from bottom to top in
order of increasing backing pressure. The symbol 1# indicatme oforthoH,-N,O,
and ‘m’ indicates a mixedoéraH,/orthoH,) cluster (see text).

Observed infrared spectra of largear&H,)\-NoO clusters in the wavenumber region
immediately below that of Fig. 1. Backing pressure andledemperature are shown
beneath each trace.

Observed infrared spectra of even largarafH,)n-N2O clusters.

Observed infrared spectra offtfioH;)n-N-O clusters, obtained using normal iH the
expansion gas mixture. The symbol ‘m’ indicates a motaster (see text).

Observed dependence of the vibrational band arigicluster size forparaH;)n-N2O
and rthoH,)N-N2O clusters, with previous results for (RH&Y.O shown for
comparison. Note the initial blue shifts filr= 0 to 5 (6 fororthoH,), followed by a
turnaround to a red shift.

Observed dependence of the rotational condawn cluster size forpéaraH;)n-N2O
and erthoH,)N-N2O clusters. Note the slightly larger than expected vedudN = 5
reflecting the compact size of this cluster.
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