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Vibrational spectra of supersonically cooled complexes ofp-cresol with Hz0 and CH,OH were analysed by mass-resolved tw* 
photon ionisation, dispersed fluorescence and stimulated emission, detected by two-colour ionisation dip. In p-cresol.(H20)1 
progressions of the intermolecular cluster stretch vibration and its combination bands with intramolecular cluster vibrations were 
observed with similar frequencies in the S, and S, state. In pcresol~ (H,O), and pcresol. (CHsOH) ,, further intense intermolec- 
ular bands arise, namely the hydrogen-bridge bending and torsion vibration. Thii can be attributed to the lower symmetry of these 
clusters. Ab initio quantum chemical calculations show pcresol- (H,O), to have a higher H-bond stretch frequency than pcre- 
sol ( H20) , because its (unsymmetric) cyclic structure is more rigid. 

1. Introduetiou of the laser used) can be achieved here. 

The development of sensitive, high-resolution laser 
spectroscopic methods over recent years in combi- 
nation with adiabatic cooling in supersonic expan- 
sions has yielded much information on electroni- 
cally excited states of clusters and their intra- and 
inter-molecular vibrations. Relatively little is known 
about the vibrational states of the electronic ground 
state of clusters. Only the ground state information, 
however, can be compared with ab initio calcula- 
tions of cluster potentials and vibrations on the Har- 
tree-Fock level. For (aromatic) organic molecules 
and clusters with chromophoric groups, dispersed 
laser fluorescence can be used with no restriction in 
the attainable vibrational states so long as the 
Franck-Condon overlap between the specific (ro-)- 
vihronic level in S, and S,, exists. The spectral res- 
olution of the method is, however, limited by the 
monochromator resolution which is normally a few 
cm-’ - considerably larger than the laser resolution. 

An interesting method for obtaining cluster ground 
state vibrational frequencies is stimulated emission. 
Here, two laser colours co, and wz are used to first 
pump a molecule to a level in S, with w1 and then 
dump it with w2 via stimulated emission to a se- 
lected vibrational level in So. High resolution (that 

Stimulated emission spectroscopy ( SEP ) of stable 
molecules has been pioneered by the MIT group [ 1 ] 
who used the dip in the fluorescence from the 
pumped S1 level to monitor a SEP resonance. The 
dip of the ion signal in one-colour multiphoton ion- 
isation was used by Cooper et al. [ 21 as monitor. Ito 
and co-workers [3] used the two-colour ionisation 
dip for monitoring stimulated emission. Here, w2 in- 
duces stimulated emission and ionisation, while wl 
is weakened to avoid one-colour ionisation. Tem- 
poral and spatial mismatching between the pump and 
dump laser can be minimised easily here by aligning 
the dump laser for maximum ion signal. This is au- 
tomatically the best alignment for the pump/dump 
ion dip signal also. The alignment is easier to achieve 
because the twecolour ion signal is larger and has a 
less noisy baseline than the dip signal and further- 
more is independent of the dump laser frequency (as 
far as h(o, +w2) 2IP). The one- and two-colour 
ion&ion dip methods have no problems with scat- 
tered light from the dump laser and this is another 
reason for preferring it to fluorescence dip spectros- 

COPY. 
In this paper we report the observation of inter- 

molecular vibrational states of hydrogen-bonded 
cresol clusters in their electronic ground state by 
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stimulated emission and dispersed fluorescence 
spectroscopy. We are especially interested in an ex- 
act determination of the hydrogen bond stretch, bend 
and torsion vibrations and their overtones in the 
electronic ground state because they yield valuable 
information about the hydrogen bond potential and 
can be directly compared to ab initio SCF calcula- 
tions [4]. We observed intermolecular stretch vi- 
brations of pcresol clusters, with one and three water 
molecules attached, to lie at considerably different 
frequencies. 

2. Experimental 

Complexes of pcresol with H20 were produced in 
free supersonic expansions of the sample vapours in 
l-5 bar He as carrier gas, using a 10 Hz electro 
magnetically pulsed, modified petrol injection valve 
(Bosch 0280150 036) with a gas pulse width of 600 
ps fwhm, 0.6 mm nozzle hole and heating facilities 
up to 80°C. Background pressures were = 1 x 10d6 
mbar(beamoff)and5~10-4mbar(beamon).The 
vacuum was maintained by a 2000 l!/s diffusion 
pump (Edwards), backed by a roots/rotatory pump 
system (Alcatel). Tbe dispersed fluorescence and 
ion dip spectra were usually taken at about 0.12 mbar 
pcresol (296 K) and partial pressures of the solvent 
Hz0 between 0.05 and 5 mbar. The solvent pressure 
was changed by varying its temperature from -25 
to 10°C with an ice/NaCl bath or a peltier-driven 
cryostat. 

REMPI spectroscopy was performed in another 
apparatus by crossing the scimmed jet 75 mm down- 
stream from the nozzle with the frequency-doubled 
output of an excimer laser (Lambda Physik EMG 
150 EST) pumped unfocused dye laser (Lambda 
Physik FL 2002) with 0.2 cm-’ spectral width 
( fwhm ) . The dye coumarin 153 and frequencydou- 
bling crystals (Lambda Physik FL 30 and 3 1) were 
used at a laser power of about 150 pJ. Background 
pressures were 3x10b4, 1O-5 and 2xlO-‘j mbar 
(beam on) in the main chamber, the differentially 
pumped ionisation chamber and the time-of-flight 
chamber, respectively. Time-of-flight spectra were 
obtained by averaging the preamplified ion signals 
from a microchannel plate detector (Galileo Chev- 
ron type) with a digital oscilloscope ( LeCroy model 

9400). The mass resolution was 90 at m/e= 108. 
REMPI spectra were recorded by integrating the ion 
signal within a certain TOF interval (mass) with a 
gated boxcar (Stanford Research SR 250). Laser, 
nozzle and boxcar were synchronised by a four-chan- 
nel digital delay/pulse generator (Stanford Research 
DG 535). 

For the dispersed fluorescence measurements, the 
pump light was fmed to a selected vibronic band and 
the fluorescence was dispersed by a 30 cm mono- 
chromator (McPherson 218) in the first order. The 
dispersed light was detected by a cooled photomul- 
tiplier (Thorn EMI 9789 QB; - 30°C) and the pho- 
tocurrent was averaged by a gated boxcar (Stanford 
Research SR 250) and recorded by a chart recorder. 

For the dump process in the two-colour ionisation 
dip experiment, another excimer laser pumped 
(Lambda Physik EMG 200) dye laser (Lambda 
Physik FL 2002) was used with frequency-doubled 
light from coumatin 153, rhodamin 6G and sulfo- 
rhodamin B dyes, depending on the wavelength range 
to be covered. The two laser beams were aligned 
coaxially with beam diameters of around 1.5 mm and 
were triggered to have zero time delay (jitter around 
f5 ns). The intensity of the pump light o1 was 
weakened to avoid the resonant multiphoton ioni- 
sation caused by w1 alone. Under these conditions 
spatial and temporal overlap of pump and dump 
beams could be easily aligned by optimising the large 
two-colour ionisation signal. The ions produced were 
drawn to tbe detector ( Cu-Be multiplier) by its elec- 
tric field and the ion current was averaged by the 
boxcar system described above. 

Laser stability is very important in the two-colour 
ion&ion dip experiments. While a dump pulse of 
around 300 +I energy was sufficiently intense to drive 
the stronger dump transitions into saturation and 
weak enough to avoid multiphoton nonresonant ion- 
isation, an extremely weak pump pulse of 5-10 pJ 
energy was used. Hence the two-colour ion dip signal 
was mainly affected by the pump laser fluctuations. 
In later experiments, the EMG 200 pumped dye laser 
was used for the pump process because this system 
showed smaller intensity fluctuations. 
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3. Results and discussion 

3.1. pcresob (H20)] 

Fig. 1 shows the two-photon ion&ion spectra of 
pcresol.(H,O). (11~0-3) after So-S, (X-K*) ex- 
citation as measured by tuning the boxcar gate to the 
time-of-flight (mass number) of the individual 
clusters. 

Fig. la shows the REMPI spectrum of freepcresol 
(m/e=108) seeded in 4 bar of helium between 
35000 and 36200 cm-‘. The band at 35337 cm-’ is 
the lowest-frequency band of bare pcresol and can 
be assigned to the electronic origin 0,O (free). The 
bands at 35334+419 and 35334+803 cm-’ can be 
assigned to the totally symmetric al (S, ) state fun- 
damental vibrations 6aj, and 12; which are localised 
mainly in the aromatic ring [ 3 1. The weaker feature 
at 370 cm-’ is the l&b; skeletal vibration with b2 
symmetry. The very weak low-frequency bands in fig. 
la arise from the hindered internal rotation of the 
CH3 group of p-cresol. The bands generally show ef- 
ficient rotational cooling with band widths ~3.0 
cm-l fwhm at 4 bar helium. 

Fig. lb shows the REMPI spectrum of pcre- 
sol*(H20), at mass number 126 (108+18). The 
electronic origin 0,O of the monohydrated pcresol is 
located at 34980 cm-’ with a red-shift of 357 cm-’ 
relative to bare pcresol [ 5 1. From the complex or- 
igin, a vibrational progression starts with a fre- 
quency interval of 152 cm-‘. From the isotope shift 
of the corresponding band in C,H,0DaD20 and from 
comparison with ab initio SCF calculations of the 
cluster potential along the OIi...O-coordinate (6. fig. 
4 and table 4 below) we can assign this transition to 
the intermolecular stretch vibration. The intermo- 
lecular stretch frequency was obtained by reducing 
the problem to the motion of the respective centres 
of mass. The resulting two-body potential was fitted 
by a Morse potential. The dispersed fluorescence 
spectrum from excitation of (0,O) pcresol. (HzO) 1 
shown in fig. 2 indicates a slightly lower frequency 
for the stretching vibration in the electronic ground 
state. A progression with 146 cm-’ spacing can be 
observed starting from the origin as well as from some 
intramolecular vibrations of the cluster. The fluo- 
rescence emission spectrum is governed by these 
combination bands up to more than 3000 cm-‘, cf. 
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Fig. 1. Mass-selected REMPI spectra of pcresol- (H20)0,v2B from 
excitation of the So+!+ transition. (a) Freepcresal, (b) pcre- 
sol.(BO),, (c) wresol~(H~O)~. (d) /J-cresol.(H20), Con-e- 
spending vibronic bands are connected by dashed lines indicat- 
ing a general fragmentation behaviour perewl-(H20)i+p 
cresol* ( H,O):_l. Experimental conditions are 4 bar helium, 
p( H20) = 1 Torr and expansion distance x/&500. The insert 
in (c) shows the electronic origin of p-eresol*(H20)2 at higher 
spectral resolution. 
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Fig. 2. Dispersed fluorescence spectrum after excitation of (0,O) pcresol* (H,O) r. The spectrum regularly consists of progressions of the 
intermolecular stretch in the S,, state I$ and its combination bands with several intramolecular cluster vibrations. Frequency accuracy is 
+ 10 cm-‘. The insert shows two-colour ionisation dip resonances alter pumping the electronic origin of pcresol~ (HsO) r. Shown are 
typical signals at 1690 cm-r ( 8ay ) and 2 1 I3 cm (6ay8ay ) leading to ion dips of up to 50%. Frequency accuracy is k 1 cm-‘. 

Table 1 
Ground (So) and excited state (S, ) vibrational frequencies for 
p-cn.=l. W20) I 

so S, Assignment ‘) 
absorption ‘) 

stim. cm. a) disp. fluor. b, 0 (cm-‘) 
0 (cm-t) 0 (cm-‘) 

0 0 (34980) 0,O 
146 152 u 
291 303 20 
459 427 6a 
601 6a+a 
a58 810 12 
999 963 12+ff 

1279 1286 7a 
1441 1435 7a+a 

1690 1686 1620 8a 
1838 8ata 

2113 2110 6a+8a 
2260 2262 6a+8a+a 
2540 2542 12t8a 

‘) Accuracy + 1 cm-‘. b, Accuracy k 10 cm-‘. 
‘) Only bands which have intensities >0.2 relative to the origin 

are given. 

table 1. We also observed dispersed fluorescence from 
excitation of the intermolecular stretch vibration, i.e. 
(0,O) pcresol~(I-&O), t 152cm-’ (not shown here). 

We observed a similar regular vibrational pattern but 
with the maximum of the Franck-Condon intensi- 
ties now shifted from X (Xrepresents the respective 
intramolecular cluster vibration) to X+ ~9. The in- 
sert in fig. 2 shows typical twocolour ionisation dip 
signals after excitation of (0,O) pcresolm (HrO)r 
which can be associated with the corresponding bands 
in the dispersed emission spectrum and assigned as 
shown in table 1. From the dip spectra quite precise 
ground state vibrational frequencies can be obtained 
with an uncertainty of + 1 cm-r compared to f 10 
cm-’ in the dispersed emission spectra. Both meth- 
ods yield a value of 146 cm- ’ for the intermolecular 
stretch vibration. The red-shift of pcresol. (H,O) 1 
relative to pcresol shows the hydrogen bond to be 
stronger in the excited St state than in the electronic 
ground state. Hence a higher stretch frequency in the 
S, state (152 cm-‘) compared to the So state (146 
cm- ’ ) is reasonable. 

The electronic ground state data for the intermo- 
lecular stretch vibration can be compared with ab 
initio GAUSSIAN 80 calculations with a 4-3 1 G* ba- 
sis set where a stretch frequency of 175 cm-r was 
obtained from the O-O potential curve of the trans- 
linear configuration of pcresol (H20), [6]. The 
agreement with the experimental value of 146 cm-’ 
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is reasonable. As usual the STO-3G potentials along 
the 00-coordinate is too stiff and this leads to a 
stretch frequency of 234 cm-‘, cf. fig. 4a below and 
ref. [7]. A more reasonable guess of the cluster 
stretch frequencies can be obtained by scaling the 
calculated STO-3G values to the experimental IJ~ of 
the n= 1 cluster, cf. table 4 below. Further bands in 
fig. 1 b arise from the intramolecular al (S, ) cluster 
transitions 64 and 124 as well as from combinations 
of Q with intramolecular cluster vibrations, cf. table 
1. There is a weak low-frequency feature in fig. 1 b at 
I22 cm-’ which is absent in the free pcresol spec- 
trum and hence cannot be ascribed to CHrrotation. 
From its low frequency and the C,-symmetry of p- 
cresol ( HzO) , the band may stem from the totally 
symmetric (a’) in-plane bend vibration j?‘, cf. the 
normal mode analysis of ( HZ0)2 in ref. [ 8 1. 

In the following we discuss the stimulated emis- 
sion resonance obtained after excitation of (0,O) p 
cresol* (H,O), in more detail. The resonances ob- 
served in our first ion dip experiments are presented 
in table 1 and agree well with the frequencies ob- 
tained from the corresponding dispersed fluores- 
cence spectrum. This comparison shows directly that 
the observed ion dip resonances indeed arise from 
dumping to the So state of the cluster. 

In our experiments we found the very low fre- 
quency range h(or -02) c 300-400 cm-’ of the p 
cresol* ( H20) 1 cluster hard to obtain by two-colow 
ionisation dip spectroscopy. The high intensity of the 
dump laser can lead to nonresonant multiphoton 
ionisation of the cluster as background signal if w2 
is near to wI and 2hw.+ IP. Furthermore, the ioni- 
sation dip signal generally increases with increasing 
intramolecular vibrational relaxation (IVR) rate of 
the dumped vibrational state allowing dips of more 
than 30% which would be the saturation limit in a 
three-level system. We did indeed observe dips up to 
50% as shown in fig. 2. The IVR rate, however, in- 
creases linearly with the state density of the bath in 
accordance with Fermi’s golden rule and is small at 
low vibrational energy. Many of the intermolecular 
cluster vibrations are situated in the range O-300 
cm-’ and may be hard to obtain with ion dip spec- 
troscopy despite the generally high state density of 
clusters with their low-frequency intermolecular vi- 
brations. In case of cresol, the state density is further 
enlarged by the low frequency of the hindered in- 
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temal rotation of the methyl group (not shown in 
tables 1, 2, 3 due to their weakness [ 61) . We have 
to improve especially our laser stability to cover the 
most interesting low-frequency range by ion dip 
measurements. Another possibility is to obtain the 
intermolecular vibrations from combination bands 
at higher frequencies. 

Two-&our ionisation dips cannot be used for de- 

Table 2 
Ground (St,) and excited state (S, ) vibrational frequencies for 
p_c~~l~W@)3 

so SI Assignment ‘I 
dip. fluor. a) absorption br 
0 (cm-‘) w (cm-‘) 

0 0 (35261) O,O 
23 
32 

14 52 7 
185 187 u 

210 at 23 
430 426 6a 
610 6ato 
830 813 12 

1015 12tu 

‘) Accuracy f 10 cm-‘. b, Accuracy k 1 cm-‘. 
‘) ,5 assigns an intermolecular bending vibration, r the torsion 

and u the stretch vibration. Only bands which have intensities 
z= 0.2 relative to the origin are given. 

Table 3 
Ground (SJ and excited state (S,) vibrational frequencies for 
pcresol. (CHaOH) , 

s, 5 Assignment ‘) 
disp. fluor. a) absorption br 
w (cm-‘) w (cm-‘) 

0 0 (34919) W 
25 25 B 
40 50 W 
70 68 r 

93 r+8 
166 171 U 

197 e+B 
241 r+a 

485 426 6a 
875 811 12 

836 12tb 

‘r Accuracy f 10 cm-‘. b, Accuracy + 1 cm-‘. 
cr Only bands which have intensities > 0.2 relative to the origin 

are given. 
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tection of SEP of very high vibrational states with 
Eyib> 2hw, - IP, because then h ( O, + wz) < IP. In 
principle one-colour ionisation with an optimised 
laser alignment from two-colour ionisation is the al- 
ternative. This is especially important for vibra- 
tional predissociation spectroscopy of hydrogen- 
bonded clusters. OH stretch vibrations in the range 
3500-3800 cm-’ for example lie sufficiently above 
the hydrogen bond energy to induce efficient cluster 
dissociation but their energy is often > 2hw, -1P. 
Hence their SEP excitation can only be detected by 
a one-colour ion or a fluorescence dip not by the two- 
colour ion dip. 

A rise of the wI power to the one-colour ionisation 
limit, however, changed our dip signals for the worse 
so that high-frequency vibrations were not easier to 
detect. While the absolute ion signal increased dras- 
tically, the ion noise at the top of the resonance also 
increased, whereas the dip did not change much be- 
cause of its limitations by the power and spatial and 
temporal characteristics of the dump laser. 

3.2. p-cresok (HzO), 

Fig. Ic shows the broad bands of the n= 2 cluster, 
namely its electronic origin and the intense 12; band. 
As pointed out in ref. [ 51, the blue-shift of the n=2 
relative to the n= 1 spectrum can be quantitatively 
explained with the second Hz0 acting as proton do 

nor to the hydroxyl group of pcresol. The insert in 
fig. I c shows the 0,O band of the n = 2 cluster at low 
laser scan velocity. The band consists of several broad 
features spaced by 3-4 cm-‘. In a spectral hole burn- 
ing experiment on the very similar phenol/H20 sys- 
tem, Lipert and Colson [ 9 ] could show that the un- 
usual width of the n = 2 cluster bands is homogeneous 
and does not arise from optical transitions of dif- 
ferent isomers. The reason for the unusual width of 
the n =2 cluster band is not clear yet, as discussed in 
ref. [ 5 1. We could not obtain sufficiently intense dis- 
persed fluorescence spectra for this cluster. 

3.3. p-cresol. @I.$& and p-cresol~ (CH30H)l 

Fig. 3 shows the dispersed emission spectrum after 
excitation of (0,O) p-cresol*(H20)3. Starting from 
the electronic origin of this cluster and from several 
intramolecular vibrations, a progression with a fre- 
quency of 185 cm-’ is observed which can be as- 
signed to the intermolecular stretch vibration, cf. ta- 
ble 2. In the REMPI-spectrum in fig_ Id we see a 
prominent band at 187 cm-‘, which is the corre- 
sponding intermolecular stretch vibration in the Sr 
state, cf. table 2, Neither in the dispersed emission 
nor in the absorption spectrum of pcresol. ( H20)3 
did we find indications of an intermolecular stretch 
attributable to the second water subunit. This stretch 
vibration may be optically inactive or too weak to be 

p-cresol * (HsO)s 

I I I I 
L 

I I I 

33000 33500 34oclo 34500 35000 355c 

WAMNUMBER [cm-']- 

K I 

Fig. 3. Dkpersed fluorescence spectrum after excitation of (0,O) pcresol.(Hz0)3. The spectrum consists of transitions from the tibra_ 
tionkss SI state to intermolecular cluster vibrations in the ekctronic ground state T:, a: and its combination bands with several inter- 
molecular &-cluster vibrations. 
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-co 

-12.0 

-20.0 

-28.0 
a 

12.0 -- 

4.0 -- 2.L 3.0 4.0 5.0 oo[A] 

-4.0 -- 

-12.0 -- 

-20.0 -- 

-28.0 -- 

-36.0 -- 

b-- 

4.0 -- 2.0 3.0 4.0 5.0 oo[A] 

-4.0 -- 

-12.0 -- 

-20.0 -- 

-26.0 -- 

-36.0 -- Fig. 4. Intermolecular stretch potentials ofpxesok (HzO) 1,s ob- 
C‘- tained with the STO-3G basis set. 

observable here. Fig. 4c and table 4 show the fre- 
quencies which can be expected for the stretch vi- 
bration of the second Hz0 acting as proton donor. 
The frequency of the proton donor H,O in pcre- 
sol* (HzO)s was obtained by examination of the 

centre of mass motion of the water dimer, relative to 
the centre of mass of the remaining molecule [ lo]. 

It is quite interesting that the stretch frequency in 
the n=3 cluster is considerably higher than in the 
n= 1 cluster. As table 4 shows, the scaled STO-3G 
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Table 4 
Ab initio SIG-3G intermolecular stretch frequencies ofp-cresol. (H,O)., 1,2,3 

n=l n=2 n=3 

scaled unsealed scaled unscaled scaled unscaled 

rkrnckA (cm-‘) ‘) 152 (152) 225 148 221 198 (185) 296 
%d&,D tcm-’ ) 101 150 240 358 

” The subscripts A and D correspoird to the H-bond coordinate with Hz0 acting as proton acceptor or donor, respectively. The calculated 
stretch frequencies are scaled to the experimental ah of the n= 1 cluster. Experimental values are in parentheses. 

p-cresol *C&OH (m/e=140) 

I 
35000 35200 35400 35600 35800 

WAVENUMBER [cm-'] 

1: 4 
Fig. 5. Mass-selected REMPI spectrum ofpcresol* (CHxOH), over a frequency range of 1000 cm-‘. The spectrum consists of transitions 
A, 7& aA and combination bands with the intramolecular cluster vibrations in the electronic excited state. 

stretch frequency is in good agreement with the ex- 
perimental value. Fig. 4b shows the corresponding 
cluster potential. The ab initio calculations show that 
the higher intermolecular stretch frequency ( 185 
cm-’ compared to 146 cm-l ) ,arises from the more 
rigid OO-potential of the cyclic n = 3 cluster. 

Fig. Id and table 2 show that the REMPI spectrum 
of pcresoI ( H20)3 contains many low-frequency 
bands beside the usual intramolecular vibrational 
transitions, similar to the pcresol* (CH30H) I in fig. 
5. The dispersed emission spectra of pcre- 
sol+ (H,O), (fig. 3) and pcresol+(CH,OH), also 
contain low-frequency bands not observed in p-cre- 
sol, (H,O) ,,*. This can be attributed to the lowering 
of symmetry. While pcresola (H,O) 1,2 still have C, 
symmetry, i.e. the aromatic plane, pcresol. (H,O), 
and p-cresol. ( CH30H), have no symmetry anymore. 

and pcresols (CH,OH), in the So state and similar 
frequencies in the S, state. According to quantum 
chemical calculations of different groups [ 81 on the 
translinear water dimer, there is only one vibrational 
band in the range 70-90 cm-‘. This band can be as- 
signed to the torsional motion of the solvent mole- 
cule around the hydrogen-bridge axis and is named 
r here. 

Fig. 5 shows a further low-frequency cluster pro- 
gressionat ~25 cm-’ forp-cresol*(CH,OH), in the 
So and S, state. From its low frequency this band may 
be assigned to the intermolecular bending motion B 
of the CHJOH solvent molecule. 

4. Summary 

As shown in figs. Id, 3, 5 and tables 2, 3 we ob- Spectra of the intermolecular H-bond vibrations 
serve bands at 74 and 70 cm-’ for pcresol- (HzO), of pcresol ( H20), ,2,3 and pcresol- ( CHsOH), in the 
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So- and &electronic states were obtained by several 
laser spectroscopical techniques. The comparison 
with ab initio quantum chemical calculations reveals 
details of the corresponding parts of the hydrogen 
bond potentials and points to a cyclic structure of p 
cresols (H,O),. Further work will be directed to 
higher-resolution studies of the rotational envelope 
of the cluster bands and to improvement of the ion 
dip technique. 
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