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Phenot-(Ethanol); Isomers Studied by Double-Resonance Spectroscopy and ab Initio
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The jet-cooled 1:1 complex of phenol and ethanol was studied by several laser spectroscopic techniques and
ab initio calculations at the Hartre€-ock 6-31G(d,p) level. The laser-induced fluorescence (LIF) and mass-
selected resonant two-photon ionization (R2PI) spectra showed that the electrenig§®rigin consists of

two transitions separated by 2 ci The dispersed fluorescence (DF) and-IBY and UV—IR double-
resonance spectra reveal that these transitions are the electronic origins of two different isomers. The ab
initio calculations yield three minimum energy structures of anti/gauche conformers of the ethanol moiety in
the hydrogen-bonded cluster. The comparison of the experimental and theoretical results allows an assignment
of the spectral features to the calculated rotamer structures.

1. Introduction phase was already demonstrated in 1936 by overtone spectros-
copy of the OH stretching vibratioff.Later on, measurements

The investigation of small- and medium-sized clusters is of of bare ethanol in the gas phagel” in nonpolar solvents 1819

long-standing interest with the clusters as microscopic model and in matrixe®2 showed that the anti species should be the

systems for an understanding of macroscopic solvation phe- most stable conformer and that its OH stretching vibration is

nomena. Hydrogep-bonded sy;tems are of particular relevanceabout 5-15 cnt! blue-shifted relative to that of the gauche
in physics, chemistry, and biology. The complexes of an

; . 8 isomer (3676 versus 3660 chin the gas phase). This blue
aromatic chromophore like phenol allow a cluster size and

. U, S . shift was explained by Krueger et al. as result of a trans lone
isomer-specific investigation by using double-resonance spec-

based on ionization techni d di a1 pair effect?? Analysis of microwave rotational spectra gave a
troscopy based on lonization techniques and disperse uores'gauche/anti energy difference of 4H20.5 cnm1,23 while the

cence of selected vibronic levels. The shift of th? eIectr_onlc temperature dependence of the OH overtone spectra gave a free
spectra depends on the proton donor or acceptor interaction of

' : . enthalpy difference of 245 35 cnr1.16
the phenolic OH group with the solveh “molecular solva- Several theoretical attempts gave contradictory results of the
tochromism”. IR spectra of these clusters in molecular beams Pis g Y

reveal structural differences in the hydrogen-bonded net#@rk. stability sequgncé“.v25 Bal_<ke a.n.d Bjerkeset_h .slhowed in a large
Specific information about the cluster structures and strengthssurve.y that either semiempirical or ab initio methods gave
of interaction can be derived from the electronic and vibrational cpnsgentéy the same frequency order of both OH stretching
shifts. Surely, a predominant effect results from the nature of vibrationg® (see above).

the solvent itself. This was shown by the work done on clusters . UP t0 now, there has been only a small number of publica-
of phenol with various hydrogen-bonding molecules such as tions concerning the pheneEtOH cluster. _Abe et al. observed
ammonia? amines’ ethers, alcohol8836and water (e.g., ref laser-induced quor'escence (LIF) and dispersed flgorescence
7 and references therein) and very recently also on carboxylic (DF) spectra of the jet-cooled 1:_1 clusters of phenol with ethanol
acids® and many other proton-accepting molecé&®8ecause of the

Different orientations of molecules within the hydrogen- high band density near the pherditOH origin, they proposed

bonded network show a much weaker effect. Experimentally, that the first two transitions, separated by 15-¢mshould

it was possible to identify two isomers Bgy andS; symmetries g_elong t?j m’.o rotat|on?l |somersl.ﬂliaa\t/er on,t Lllpr?rtl aBd C_olson
of the (H:0)s moiety in benzene(H.0)g,® the corresponding ISproved his assumption using spectral hole-burning

27 1 iai
isomers of bare (bD),l® two analogous pheneiH,0); (SHB}. They probed the intensg State. orllgln.and found all
: 11 transitions of the resonant two-photon ionization (R2PI) spec-
structures, and three pherdH,0)s isomerst . A
The characterization of different rotamers in a hvdrogen- trum in the SHB spectrum. Hartland et al. used ionization-loss
bonded system is an even more demanding challen ye E?hano timulated Raman spectroscopy (ILSRS) to measure frequency
(EtOH) isyone of the most simole exam I?es of & r? dro en- hifts of $ state vibrations of phenelEtOH?22 Cordes et al.
bonding solvent that consists IIc))f none Sivalent cozforn%ers studied the complex by two-color R2P1 and zero kinetic energy
These gre one anti and two enantiomericq auche rotamers Thé ZEKE) photoelectron spectroscopy. They measured the inter-
convert into each other by a rotation of tr?e OH grou relaitive nd intramolecular vibrations in a range of more than 1700'cm
10 the CH frame. The exi);tence of two conformgers iﬁ the 0as and determined the ionization energy of this cluster to be 62901
' 938 | 5 cn1.29 Neither of the two groups could identify a second
isomer of the phenetEtOH cluster.
* To whom correspondence should be addressed. . L .
* Present address: School of Chemistry, University of Leeds, Leeds, Ls2 [N contrast to these investigations, we show the existence of
9JT, UK. at least two conformers of phenroEtOH in a molecular beam
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Figure 1. Calculated minimum energy structures of phen@tOH),. The anti/gauche nomenclature corresponds to the OH torsional conformers
of the ethanol moiety. The corresponding Newman projections of ethanol are shown below. The position of phenol is indicated by arrows.

- ) TABLE 1: Binding Energies in cm~* of the Pheno-EtOH
by means of DF spectroscopy andBV and UV—IR double . Conformers Shown in Figure 1, Calculated at the HF/

resonance techniques, complemented and supported by ab initig_31G(d,p) Levet

calculations. -
HF energy anti gauche(1) gauche(2)
2. Experimenta| Section SCF stabiliziation energy —2620 —2578 —2642
De —2030 —2112 —2152
The experimental setup has been described previdusly. Do —1569 —1696 —1687

Brit_afly, ethanol was cooled te'5 °C and its vapor carried with aD,: after counterpoise correctioB: after zero-point energy and
helium (2-3 bar) over phenol at room temperature. The gas counterpoise correction (see text).

mixture coexpanded through a 50 pulsed nozzle (see ref 7

for details of the LIF and DF spectroscopy). TABLE 2: Calculated Harmonic Frequencies in cnt! and

_ _ ; ; ~ Approximate Description (See Text) of the Vibrations from
IR .UV hole-burning spectroscopy is a double resonance o rmal-Mode Analysis at the HF/6-31G(d,p) Level of the
technique, where a frequency-tuned IR burn laser fires a shortppeno-EtOH Conformers, Shown in Figure 12

time (40-50 ns) before the frequency-fixed UV analysis laser

fires3538If the IR frequency matches a vibrational resonance anti gauche(1) gauche(2)
sharing a common ground-state level with the UV transition 20 p2 14 p; 14 p,
analyzed by R2PI, one can observe a decrease of the R2PI gg E g% /jz gé fz

H 2
signal. . ) 72 o 67 p1 66 f1

By analogy, in UV-IR SHB spectroscopy th_e_ IR Ias_er is 77 B 77 p1 89 p1
frequency-fixed at a selected vibrational transition, while the 150 o 136 o 161 o
frequency of the UV analysis laser is scanned. Again, transitions égg? Vs&(gnz; gggi vség:% gggg vsi((gngg

i Vs 3 Vs 2 Vs, 2
with a common ground state can be detected by a decrease o 2920 vo{CHy 2049 vACH) 2049 ve(CH)

the R2PI signal. This technique is an alternative to-tlWW 2972 vadCHs) 2972 vadCHy+CHy) 2974 vadCHy+CHs)
SHB if IR transitions belonging to different ground-state levels 2983 1,{CH;) 2982 1.{CH,+CHs) 2983 v,{CH,+CHs)

are well separated and the UV transitions are not. 3034 CH(Ph) 3034 CH(Ph) 3034 CH(Ph)
Phenol (Riedel de Ha and ethanol (Merck) were of gggé SEEEE; ggég g:ggﬂg ggéi g:ggﬂg
nalytical or r ic gr n with further

auﬁf)i/ctact?ono spectroscopic grade and used without furthe 3064 GH(Ph) 3064 GH(Ph) 3064 GH(Ph)

P ' 3071 CH(Ph) 3071 CH(Ph) 3071 CH(Ph)

) 3512 OH(Ph) 3513 OH(Ph) 3508 OH(Ph)

3. Theoretical Results 3666 OH(EtOH) 3660 OH(EtOH) 3659 OH(EtOH)

The minimum energy structures of possible pherteiOH 2In the upper part the intermolecular vibrations are given. The

conformers were calculated at the HF level with the 6-31G- corresponding normal-mode motions are visualized in ref 37. For the
i ; ; nomenclature see refs 32 and 36. The scaled intramolecular CH and
%gf;g)Sbélil?:;rf\}e?éef(‘:lggcrti?: ri(()ar? L\:\f’as ;?;(hgaitlperg;gtrﬁ? Cgi(\?i??e' OH _stretching vibrations are listed in the lower part of the table. For
L . T scaling factors see text.
gence criteria for the structural gradient optimization were 1.5
x 107° hartree/bohr and 1.5 10°° hartree/deg, respectively. monomer, the gauche(1) and gauche(2) structures have slightly
The vibrational frequencies were obtained by performing a different energies because of their nonequivalent interaction with
normal-mode analysis on the optimized geometries using the phenol moiety. Structures with ethanol acting as proton
analytical gradients of the energy. acceptor turn out to be the most stable ones. This acceptor
The HF energy difference between the cluster and the interaction should induce a red shift of the-S5; excitation
separated monomers is taken as the stabilization energy of theenergy compared to that of bare phehle did not find any
cluster. To calculate its basis set superposition error, the minimum energy structures, where the ethanolie®+C plane
counterpoise method of Boys and Bern&rtias been used. The s parallel to the aromatia-system.

resulting energy difference iBe. Do also includes the zero- Table 1 shows the stabilization energies of all three clusters.
point vibrational energy (ZPE). These energies differ only by 3A.30 cnt?, so on this level of
We found three comparably stable isomers of phe&dDH, theory it is not possible to decide which structure is the most

which correspond to the anti and both gauche rotamers of stable one. The calculated binding energies range from 1569 to
ethanol (Figure 1 and Table 1). Note that in contrast to the 1696 cnT! and are comparable to a binding energy of 1551
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Figure 2. (a) One-color R2PI spectrum of phergEtOH). The inset shows the;State origin at better resolution with two transitions clearly
distinguishable. The spectral positions for4BV SHB analysis are marked by arrows. The small band at 35 922 ina hot band. (b) IRUV

SHB of both $ state origin transitions, analyzed at the red and blue wing (lower and upper traces, respectively). While the phenolic CH and
phenolic OH stretching vibrations are quite similar, the corresponding ethanolic vibrations show considerable differences. The four transitions
between 3455 and 3505 cfncan only be observed in the spectrum analyzed at 35 9382 betause of the larger analysis signal here. These
bands can be interpreted as combination bands (see text).

cm™! for the phenok(H20); cluster at the same level of conformer is blue-shifted (about 7 ci) relative to that of the
theory3? gauche structure. There are also some notable differences in
The calculated intermolecular vibrations and intramolecular the frequency pattern of the aliphatic CH stretching vibrations
CH and OH stretching frequencies are listed in Table 2. The between anti and gauche. Krueger et al. explained the OH and
CH stretching vibrations are scaled by a factor of 0.91 obtained CH frequency shifts by the participation of the lone pair at the
from ref 33. The scaling factors for the phenolfc< 0.865) ethanolic oxygen atom in the adjaceritCH orbital in the trans
and ethanolic f(= 0.876) OH stretching modes are obtained position. This interaction should raig€OH) as the s-character
from the comparison of experimental and theoretical data of of that bond increases and lowe{CH) due to the decreasing
the phenot-(H20); cluster and bare ethanol, respectively. s-charactef? In the gauche conformer there is one and in the
For all three calculated structures, the phenolic OH stretching anti conformer there are two of those trans lone pair interactions
frequencies are nearly equal. The two gauche clusters show very(Figure 1). Inspection of the IR spectra of several primary,
similar intramolecular vibrations, which differ significantly from  secondary, and tertiary alcohols showed that the frequency shift
those of the anti conformer. According to earlier investigations of the OH and CH stretching vibrations is proportional to the
of bare ethanot® the OH stretching vibration of the anti  number of trans interactiod&22Thus, we expect that{OH)an
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> p(OH)gauche@Nd ¥(CH2)anti < ¥(CH2)gauche Our calculations
indeed show these shifts (Table 2).

The low-energy intermolecular vibrations differ significantly
for the three calculated conformers (Table 2). It has been shown
for several phenol cluster®33 that the experimental and
calculated HF/6-31G** intermolecular frequencies can be
compared without scaling.

4. Experimental Results and Discussion

Figure 2a shows the one-color R2PI spectrum of phenol
(EtOH), on the 140 amu mass trace from 35 920 to 36 040'cm
We recorded simultaneously the higher clusters (2—5) to
exclude the possibility that bands presented in Figure 2a are
because of fragmentation onto tlme= 1 mass trace. The
electronic origin consists of two transitions with maxima at
35938.7 and 35 940.3 crhand an intensity ratio of (23):1.

The intensity ratio of these two bands remained unchanged at
higher stagnation pressures of helium, while the band at 35 922
cm! disappeared (hot band). The hitherto unobsérvet?
transition at 35 940.3 cnt nearly completely disappeared when
the helium seed gas was substituted by a rare gas mixture of
helium and neon (70:30). All other vibronic transitions in Figure
2a are well-known from previous investigation&.2° T r - T . . B

The IR-UV SHB spectra of the two transitions analyzed at 3420 3430 3440 3450 cm
35941.3 and 35 938.2 crhare shown in Figure 2b. The band Figure 3. IR—UV SHB spectra of the phenolic OH stretching mode
observed in both spectra at 3432 ¢is assigned to the phenolic ~ of phenol-EtOH analyzed at 35941.3 cth and measured with
OH stretching vibration and fits the corresponding calculated different IR power. The full bandwidth at half-maximum (fwhm) clearly
(and scaled) transitions reasonably well (Table 2). Like the gespfn”ﬁgu‘?get,h(i)":N'r?rt]inzng é‘ﬁf{j'pgz\)/ef:’vfglssﬁ J(/:g;léepowem
phenot-(H,0); complex, this band is strongly red-shifted = ' ' ' ' '
relative to that of bare phenol (3531 relative to 3657 &), TABLE 3: Comparison of the Experimental Vibrational
because of a strong hydrogen bond, which weakens the phenolid-requencies of the Ground State of PhenetEtOH and the
OH bond. We noticed that the width of the rather broad phenolic g:t:grlg(ez% ggtrg"ngg'rg Frequencies of the Anti- and
OH stretching bands sensitively depends on the IR laser

intensity. By lowering the IR energy from 2.5 to 0.5 mJ/pulse anti gauche(2)
(IR beam diameter of 22 mm, pulse width of<10 ns), we exptl calcd assignt exptl  calcd assignt
observgd a line Width decrgase from 15.6 to 6.5%:(1I¥igurg 22 20 19 14
3). Obviously, there is considerable laser power broadening at 25 33 1 33 32 B
these IR intensities, which are typical for many 4RV 45 37 B 43 38 T
experiments in the literatufe4.3538This power broadening 67/71 72 p1 65 —|66 286
has to be investigated before dynamical reasons are considered " 7 B 75 89 o1
to explain IR-UV bandwidths. 123 150 gﬂz lgg 161 (‘:ﬂzwz + b

Even at the lowest laser energies we could not detect any 174 o+ p2 194 o+ B
frequency difference between the phenolic OH stretching 177 o+t
vibration in the two spectra. The aromatic CH stretching 2888 b 2885 b
frequencies of the phenol moiety in the range 362000 cnr? 2905 2889 v5(CHp) 2903 2892 w(CHy)

: . : 2919 2907 wvs(CHy) 2911 2905 v5(CHy)

are also nearly identical in both spectra (Table 3). 2927 2920  vo{CH) 2961 2949 v.{CH,/CHy)

The remaining transitions can be attributed to the ethanolic 2992 2972  v.{CHs) 2074 c
moiety of the cluster. The bands at 3653 and 3667 ccan be 2995 2983  vadCHg) 2989 2974 v,{CH,/CHy)¢
assigned easily to the ethanolic OH stretching vibration. The 3035 3034 CH(Ph) 2993 2983 v CH,/CHy)?
large frequency difference points to two different ethanol 3055 33%4525 CCFIL((FI;?) 3033 ggf‘é g:ggm
conformers. The observed OH frequencies correspond well to 54¢7 3064 CH(Ph) 3056 3054 CH(Ph)
the different OH stretching frequencies of the gauche and anti 3pg7 3071  CH(Ph) 3062 3064 CH(Ph)
isomers of bare ethanol in the gas phase (3660 and 3676'%€m 3432 3512  OH(Ph) 3087 3071 CH(Ph)
or trapped in argon matrixes (3656 and 3661"&/d). Note 3667 3666 OH(EtOH) 3432 3508 OH(Ph)
that the calculated ethanolic OH stretching vibrations also reflect 3653 3659  OH(EtOH)

the gauche/anti frequency shift (Table 2). Thus, we tentatively  aThe calculated intramolecular CH and OH stretching vibrations in
assign the IR spectrum analyzed at 35 941.3cimthe gauche  the lower part are scaled (see text). The vertical slashs indicate
conformer and the spectrum analyzed at 35 938.2am the alternative assignment_%Overtone or combination bantiCombination
anti conformer. band.dW|th_ con_trlbutlons from the antisymmetric GHand CH

The ethanolic CH vibrations are observed in the frequency stretching vibration.
range 2886-3000 cn1? (Figure 2 and Table 3). All three GH spectrum analyzed at 35 938.2 ThA red shift of the CH
vibrations and the two CHvibrations are observed in both vibrational frequencies is expected from the stronger trans lone
spectra. The vibrational pattern differs considerably. The most pair effect in the anti conformer. Hence, both the blue shift of
remarkable effect is the red shift of the €kibrations in the the OH vibrations and the red shift of the gtbrations support
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For a comparison of the low-energy vibrations of the two
conformers in the electronic ground state, DF spectra were
recorded by excitation of different vibronic transitions (see
Figures 4 and 5). The remarkable differences between the DF
spectra of the two origin bands strengthen the hypothesis that
they belong to different species. The transitions at 22, 45, 153,
and 177 cm! are characteristic for the isomer analyzed at
35938.2 cm?, while the transitions at 33, 162, and 194 ¢m
are characteristic for the other isomer (Figure 4). The small
bands at 22 cm' in Figure 4b and 33 cnt in Figure 4a can be
explained by simultaneous excitation of the respective other
isomer because of overlapping origin bands. We assign the
bands at 153 and 162 crto the intermolecular stretching

(b) gauche vibrations of the two isomers, which are clearly separated from
the low-energy torsion and bending vibrations. A comparison
33 with the calculated Sstate vibrations in Table 3 shows that
the o-vibrations of the anti and the gauche(2) conformer at 150
and 161 cm?, respectively, fit surprisingly well. This is also
in accord with the anti/gauche assignment from-IR/ SHB

2 (a) anti

» & g 162 404 spectroscopy. The intermolecular stretch of the gauche(l)
,J conformer is calculated to be at 136 chbut is not observed.
N S SN S S , Theo-vibration in the $ state has been observed at 162 /%
° s 100 150 20 0 and probably belongs to the anti conformer.

For better isomer assignment, we analyzed the R2PI spectra
after pumping the well-separated 3653 and the 3667'dR
transitions of the two isomers. This seemed to be more
promising than using UM UV double-resonance spectroscopy
our assignment of the transitions with maxima at 35 938.7 and because of the strongly overlapping vibronic spectra. The
35 940.3 cm? as electronic origins of the phenol clusters with resulting UV-IR spectra and the difference spectrum are
the anti and gauche conformers of ethanol, respectively. displayed in Figure 5. Figure 5b shows that the transitions at

By a simple comparison of the UV intensities, it seems that 35 940+ 31 and+42 cnt! belong mainly to the higher energy
in contrast to our calculations the anti conformer is more stable component of the electronic origin (gauche isomer), while the
than the gauche conformer. The calculations point to very similar other transitions and the hot band at 35 922 tmearly
stabilization energies of the two gauche isomers. The secondexclusively belong to the anti conformer. Interestingly, the rather
gauche isomer was not detectable either because of the smalintense and comparatively well-separated intermolecular gauche
concentration in the molecular beam or because of accidentalband at 31 cm! also appears in the UVUV SHB spectrum
overlapping of band systems. of Lipert and Colsor¥’

Figure 4. DF spectra of the electronic origin of pherdEtOH),
analyzed at (a) 35938.2 cthand (b) 35 941.3 cnit. Note the very
different vibrational pattern in the two spectra.

a) UV-IR spectra

g\

J Y A
. (3653.5 cm™)

I ' L] 1 I ' I 1 1 ' 3 J
35920 35930 35940 35950 35960 35970 35980 35990 36000 cm”
b) Difference spectrum

]

gauche

031
0+42

f T T T T T T d T v T T T T T T T ¥ 1
35920 35930 35940 35950 35960 35970 35980 35990 36000 cm

Figure 5. (a) UV—IR double-resonance spectra of the 3653.5cand the 3667.5 cri transitions of the two observed isomers of phenol

(EtOH).. The R2PI probe spectra show intensity losses at vibronic transitions belonging to the same ground state as the respective pumped IR
transition. (b) Difference spectrum (upper trace minus lower trace from part a). The vibronic transitions at 31 and B&leng to the isomer

with origin at 35 940.2 cmt (gauche isomer).
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Figure 6. DF spectra of the first eight vibronic transitions of the pher(@tOH), complex. The vibronic Sstate transitions at33 and+44 cnt?!
relative to the 35938 cnt origin belong mainly to the isomer with origin at 35 940 ¢nThe bands at 35938 33/+44 cnT! correspond to
35940+ 31/+42 cntt (Figure 5).

The DF spectra of the eight most intense low-frequency TABLE 4: Assignment of the Low-Energy S-State
vibronic transitions are presented in Figure 6. The analyzed 1ransitions to the Pheno-EtOH Conformers Anti and

transitions at 35938 16H19H-25 cnt?! correlate to the & Gauche(2) -
vibrations at+22/+25H-45 cnt! according to the propensity exptl § transition assignment
rule. They can be assigned to the calculated anti conformer (rel to 35 938 cm*) anti gauche(2)
vibrational modes of lowest energy, 7, andj, (Tables 3 and 16 02
4). In contrast to our assignment, the group of Abe et al. 19 T
correlated+25(g) < +22(9).° 25 B2

As shown above, the transitions at 35 98833H-44 cnt 33 (2p2) pe

. . 38 27

mainly belong to the gauche conformer. The corresponding DF a1 o2 + Ba°
spectra show ground-state vibrations at 19 and 43'cmhich 44 @+ f2) -
are not observed in the other DF spectra and can therefore be 50 2>
assigned to §&gauche vibrations. Further transitions in the DF 162 o

spectra can be explained as combination bands and overtones athe fundamental vibrations are correlated to the corresponding

of the fundamental modes, and the most obvious assignmentsground-state vibrations (see Table 3). The parentheses indicate probable
are given in Table 3. Note that the intensgvibration at 38 small contributions from the anti conformer to the gauche spectrum.

cm1 evidenﬂy correlates to thelf‘yibration at 41 cm?! but The vertical s_Iash indicates alternative assignmé’n‘@ference 29.
could not be explained by any of the calculated vibrational °Correlates with the unknowno$8 cnt* transition.
modes. with a blue shift of 25, 29, 39, and 73 crrelative to the

The DF spectra may help to further interpret thestate IR phenolic OH stretching vibration of the anti isomer, which are
spectra. The lower trace of Figure 2b shows four transitions only detectable at very high IR intensities of abowt3®mJ/
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pulse. They can be interpreted as combination bands of the (10) Buck, U.; Ettischer, I.; Melzer, M.; Buch, V.; Sadlej,Rhys. Re.
; TN i ; Lett. 1998 80, 2578.
phenolcljc701H7\;|br?Tt1llon with the intermolecular modes at 22, 25, (11) Roth, W.: Schmitt, M.: Jacoby, Ch.: Spangenberg, D.: Janzen, Ch.
38, an (77) cmt. Kleinermanns, K.Chem. Phys1998 239, 1. Janzen, Ch.; Spangenberg,
D.; Roth, W.; Kleinermanns, KJ. Chem. Phys1999 110, 9898.
5. Summary and Conclusions (12) Badger, R. M.; Bauer, S. H. Chem. Phys1936 4, 711.
. (13) Perchard, J.-P.; Josien, M.-I. Chim. Phys. Phys.Chim. Biol.
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IR—UV, and UV-IR double-resonance and DF spectroscopy. _ (14) Durig, J. R.; Bucy, W. E.; Wurrey, C. J.; Carreira, L. A.Phys.

S . : : Chem.1975 79, 988.
Combining the experimental results with theoretical results from (15) Richter, W.: Schiel, DBer. Bunsen-Ges. Phys. Cheb981, 85,

ab initio calculations, we can assign the observed bands asssg.
arising from an anti and a gauche conformer of the ethanol (16) Fang, H. L.; Swofford, R. LChem. Phys. Lett1983 105 5.
moiety. This is in contrast to earlier publications, which ~ (17) Ehrbrecht, M.; Huisken, Rl. Phys. Chem. A997 101 7768.

. - (18) Oki, M.; lwamura, HBull. Chem. Soc. Jprl959 32, 950.
concluded from their measuremetit® the existence of only (19) Belhekar, A. A.; Agashe, M. S.; Jose, CJ1Chem. Soc., Faraday

one isomer. The small frequency shift of the electronic origins Trans.199q 86, 1781.
of less than 2 cm! may explain why they were not discrimi- (20) Barnes, A. J.; Hallam, H. Hrans. Faraday Socl97( 66, 1932.
nated before. A further reason might be the dependence of the  (21) Coussan, S.; Bouteiller, Y.; Perchard, J. P.; Zheng, W. @hys.

. L Chem. A1998 102, 5789.
rotamer population from the seed gas composition. Although (22) Krueger, P. J.; Jan, J.; Wieser, H.Mol. Struct.197q 5, 375.

in He the anti/gauche ratio was<3):1, it was at least 50:1 in (23) Kakar, R. K.; Quade, C. RI.. Chem. Phys198Q 72, 4300.
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