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ABSTRACT |

‘fueingﬁmo1eeu1ar;beam teehtquesvand'a tunable infrared Iaser, the -
vibratﬁpna1 predtssociationispeetra for (HF)n, n = thb 6, in the 3000
to 4000 cm']zrange;are‘presented. ;The vibrational bands have been
assigped to intramo1equ1ar HF stretching modes and combinations of intra-
and jntermo1ecu1ar'modestv'The structures of_(HF)n, n=3to 6, were
'fophd‘to be cyclic, i.e;:each HF molecule s both a proton donor and.

acceptor.
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Hydrogen bonding is an interesting, unique and‘importaht‘inter-
action in chemical and biothemﬁcaT systems. Detailed molecular beam

2 have established the vibrationally averaged

studies of (HZO)Z] and (HF)2
ground state structures and-provided information on the potentia]_energy
'surface_near the minimum. Infrared absofptibn studies of small
hydrogen-bonded clusters have béen hindered by uncertainty in assigning
features to a specific cluster. We wish to keport molecular beam studie§
of the vibrational predissociation spectra of (HF)n, n=2to 6 in the
3000 to 4000 cm_] range, aSsociated primarily with the covalent HF
stretching motion, using a tunable infrared laser.

Molecular beams cohtaining smaTl clusters of HF are preparéd‘by
supersonic expansioh of 0.5 to 3.0% HF in a carrier of He, Ne dr'Ar.v,v
~ The e]ectroﬁ impact quadfupo]e.mass spéctrométer monftors the-mo]ecd]ar
beam direCt1y,;w1th thevaxis-of the qUadrUpo1e'perpendicular'fo the
molecular beam axis. This pérmits e fnfrared'laSerbto propagate -
coaxially with the molecular beam from the 10nizer‘td the:nozzle §durcev
(65 cm). For monitoring a given cluster, (HF)E, the predominant ioniza-
tion product (HnFn-1)+ is detécted. 7The 1nfrared laser is a Nd-YAG |

3

pumped LiNbO3vopt1ca1 parametric oscillator.”™ 'As the laser is tuned

through the frequency region of interest, the absorption of an inf?ared
photon by (HF)n,'which then predissqciates,‘is.dete;ted by the dep]efion
of the (HnFn-1)+ méss'spectr¢meter signa1'aftér'the laser pu]ée. _ |
Vibrational bredissociation.1ifet1mesvbetween_1 usec and 1 msec can 4
be determined directly by_tﬁisvappafatus. vDetai1s may‘be‘found else-

where.4
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Figure 1 contains the (HF)2 spectrum and the vibrationally aver-

aged ground state structure as determined by Klemperer et a1.2 - The

~ bandwidths are laser linewidth limited (~8 cm']). The spectra of (HF)n

n=3t06 disp]ayed in Fig. 2 are broader than the laser linewidth,

with a pronounced red shift from the HF monomer fundamental at 3960
cm']. 'No other features were observed in the 3000 to 4000 cm_] region.
The signals were observed to ha?e a lTinear dependence on photon number.
Depletion of the molecular beam signal was found to occur directly
after the laser pu1se,'indicating predissociation 1ifetimes of less
than 1 usec for all (HF)n' |

. The .assignment of spectra to specific‘clusters was done through a
series of experiments by varying the source pressure, carrier gas and
seeding ratio. The mass spectrometer was essential in confirming the .
assignments by comparing spectra at different m/e settings. For example,
the (HF)3»bands are observed only at m/e = 41, while (HF).4 bands can be
found at both m/e = 41 and 61. o

1

The dimer bands are assigned as follows: the 3720 cm™' band to

1

the H-F stretch of the hydrogen-bonded proton, the 3878 cm ' band to

1

the H-F stretch of the "free" proton and the 3970 cm ' band to a com-

bination band invelving intra- and intermolecular modes. The latter

5,6

two bands have been previously observed in the gas phase 'énd our
results confirm their assignment to dimer bands. The observed
rotational structure6 of the 3970 cm'] band with.11newidths of approxi-
mately 0.15 cm'], combined with our results, enables the predissociation

lifetime, 7, to be limited to 30 psec < 1t < 1 psec. .The predicted



1ifetime of (HF)Z’ based on an empirical treatment7 of vibration to
translation energy transfer, is 200 psec, which falls within.the above
range. Predictions based on Ewing's method8 of 10 to 100 sec under-
score his observation that quantitative agreement must await better
knowledge of the potential energy surface. _

| The (HF)n, n=3to6, c]dsters exhibit a larger frequency shift
from the HF fundamental than was observed for the dimer. No absorption.
was observed above 3500 cm_], indicating the ébsence of a terminal
----H-F or ---F-H group. Therefore, we conclude (HF)n’ n=3to6, to
have cyclic structures with each HF as both a proton donor and acceptor.
This is in agreement with previous molecular beam def]ection2 results.
The (HF)n, n=3tob6, spectré have a similar structure fit.by v, = v6'+‘
mv; (m = 0,1,2), where va decreases énd v; increases with cluster size, n.
It seems 1ikely that those progressions are combination bands involving
coupled H-F (Vﬁ) and F-H----F (v;) modes. The‘fréquency vériations
with cluster size, n, are in accord with the strengthening of the inter-
molecular interactions and weakening of the intramolecular bands in
progressively larger clusters. »

The spectrum of (HF), shows a peculiar doublet structure, where the
relative intensity of the components depends.on the expansion conditions.
Each component appears to belong to a separate v = vi +. mvz series,
with the lower frequency component exhibiting a larger VZ' Increasing

the source pressure, enhancing the adiabatic cooling, increases the

relative intensity of the lower frequency component. This could be due '



to:two'(cyc1ic) tetramer structures; distihguishab]e on the predissocia-
tion timescale, with the lower frequency components assigned to the more
stable isomer.

Further experiments involving (DF)n and (DF)n(HF)m are planned,
inducing predfssociation by excitation of the fundamental and overtone
bands. This information will be used to understand the intermolecular

potentials, binding energies and structures of HF clusters.
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FIGURE CAPTIONS

- Fig. 1.

Fig. 2.

Vibrational predissociation spectrum of (HF)2 corrected and

- normalized for the photon number, with the structure of (HF)2

as determined by molecular beam electric resonance spectro-
scopy. |

Vibrational predissociation spectra of (HF)n’ n = 3-6,
correcfed_and normalized for photon number. The peaks marked

with asterisks in the m/e = 41 spectrum are frdﬁ‘(HF)3,

~ the other peaks are due to larger clusters.
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