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Selective vibrational excitations of OH stretching modes of ethanol dimers trapped in solid argon or nitrogen
were carried out in the range 3558500 cn1?. This proved an efficient means to interconvert these dimers

and thus to characterize several conformers by their most specific vibrational modes. The structures, energies,
and vibrational properties of four minima of the potential energy surface have been investigated by the density
functional method. These minima correspond to an open chain dimer where both proton donor (PD) and
proton acceptor (PA) subunits are eitlaati- or gaucheethanol, with well-differentiated vibrational spectra

in the domains 14001240 and 11061020 cm'. The comparison between calculated and observed spectra

in these domains enables the anti or gauche character of both PD and PA to be distinguished. In argon matrix
four dimeric species were identified after deposition. All of them are sensitive to irradiation aDtHe
frequency of their PD moiety, with simple conversion schemes for two of them. On one hand, the most
abundant one, characterizedifH bands at 3660.1 and 3527.2 ¢ixis found to be antranti. Upon irradiation

at 3527 cm?, it is converted into an unstable gauetgauche form, not present before irradiation, which
spontaneously reconverts into its precursor in the dark. On the other hand, another conformedhith
frequencies at 3665-43536.2 cn1!, also anti-anti, is converted upon irradiation at 3536 ¢ninto a new

form whose identification is rendered difficult by the small number of bands assigned. In nitrogen not less
than severnvOH bands in the range 352@470 cm! are assignable to dimers. Irradiations at varieQg

PD frequencies are very efficient to interconvert these species whose structures are discussed on the same
grounds as in the case of argon matrix. However the greater complexity of the conversion processes precludes
a full assignment of the spectra except for the most abundant species for which the data are complete enough
to conclude an antigauche structure.

I. Introduction symmetry Cs or C;).8 This conclusion was reached by Ehbrecht
and Huiskefiwho have studied the dissociation of,tGOH),
formed in a jet upon excitation of its CCO stretching modes
located between 1100 and 1000 ¢miThe presence of six peaks

In some recent works relating to methanol aggreghatese
have shown that infrared photoisomerization in matrices is a

powerful method for identifying the vibrational spectra of small - i .
clusters, from which structural information is inferred. This ©f Photodepletion between 1090 and 1030 ¢gives evidence
method is comparable to molecular beam depletion spectros-for the existence of several conformers whose structures were

copy, also based on intermolecular bond breaking upon vibra- discussed on the basis of semiempirical calculations. Three
tional excitation. Its main advantage is a nearly complete conformers, antrgauche, antranti, and gauchegauche, with
assignment of the infrared spectra of the selectively photo- COmparable energies were calculated to be the forms experi-
isomerized cluster and of its photoinduced descendants, whichmentally observed. These results prompted us to carry out
are generally metastable conformers with lifetimes that are Selective irradiation experiments in the 2« region under
strongly temperature dependent. the same conditions as in the case of §OH),.*> Comparable
The results described in this paper are an extension of theresults were readily obtained in nitrogen matrix, while in argon
photoisomerization study of the methanol dimer trapped th Ar greater conversion yields enabled the conformers involved in
and N1 in the case of ethanol. For this molecule the existence the conversion to be well-identified. Their structures were
of an internal rotation axis (€O bond) suggests the possibility ~ discussed on the basis of DFT calculations, which have been
of a large number of conformers differing not only by the shown to provide reliable information about the structure and
orientation of the two partners with respect to the i®:-O vibrational properties of hydrogen-bonded aggregateés!s
intermolecular axis, as for (@H),, but also by their local Accordingly this paper is organized in two parts. The first one
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TABLE 1: Geometrical Parameters (r, A; a, 7, o, deg) of the Stable Forms of Ethanol Monomer and Dimers

anti-ethanol gauche-ethanol
dimer dimer
PD PA PD PA
monomer aa ag a-a g-a monomer g9 g-a g9 ag
rcCC 1.515 1.512 1.517 1.514 1.514 1.521 1.524 1.523 1.519 1.519
rco 1.432 1.424 1.424 1.441 1.441 1.429 1.423 1.423 1.438 1.438
rOH 0.960 0.969 0.969 0.961 0.961 0.961 0.969 0.969 0.962 0.962
1.095 1.096 1.093 1.093 1.093

rCH methylené 1.095 1.096 1.096 1.093 1.093 1.089 1.090 1.088 1.088 [ 1.088
aCCO 108.0 108.6 108.6 108.2 108.3 112.9 113.0 1131 112.3 112.8
aCOH 109.1 109.2 109.3 109.0 108.9 108.8 109.2 109.1 108.8 108.8
7CCOH 180 178.5 179.0 178.4 179.1 61.9 66.9 67.8 59.9 60.1
ro-+-0 2.900 2.887 2.900 2.912 2.897 2.912 2.897 2.887
wCC---CC 74.9 31.9 74.9 36.0 130.8 36.0 130.8 31.9

@ For gaucheethanol the first value refers to GHhe second to CH(see Figure 1).

presents the DFT results for four stable dimeric forms for which H o 1
a straightforward correlation between the effect of hydrogen O 0
bonding on the structural properties and the spectrum of each ()"

partner, already reported for (GBIH),,*° can be established. p
The second one describes the experimental data, in particular

O -
o e ! ! : C c /l\ C
the effects of selective irradiation from which the vibrational ‘ ) @ Ys(
spectra of several conformers are well-identified. The compari- C u ‘ H,
son with DFT predictions enables then the anti or gauche b C b O

character of each proton donor (PD) or proton acceptor (PA) Q
subunit to be specified for some of them.

ANTI GAUCHE
Il. Experimental Section Figure 1. Two stable forms of ethanol monomer.

The matrix experiments were carried out in two laboratories, first term referring to PD, the second to PA. The dissociation
in Paris and Orsay, using two different devices. In Paris we ©nergy Do) for these dimers was calculated as
used a closed cycle helium cryostat (Air Products CSW 202 ;
coupled to a Bru)ll<er 120 interfgrometér and, in Orsay, a quuid) Do = 2E(monomer)- E(dimer)
helium cryostat (L'Air Liquide) coupled to a Mattson-unicam
Research Series Il interferometer. In both cases the gas mixture
were prepared by standard manometric technique and spraye
on a Ni- or Au-plated Cu block cooled to 17 K §Nor 20 K

where the term&(monomer) andE(dimer) include the corre-
ponding ZPE and BSSE corrections. The values follow the
rder anti-gauche (14.7p gauche-gauche (14.2)> anti—

anti (13.7)> gauche-anti (13.1) (values in kJ mot). These

(Ar). l;t‘f Tdhep05|t|on rate was (\j/a(rjled tt))%t\u/\(/eerz) f an;j 10 yelative stabilities are at variance with the results of Gtewa
mmokh~=. The spectra were recorded at al at0.1cm et al3who found the anti-anti form to be the most stabl®¢

(Paris) _and 0.25 cnt (Orsay) resolution. Irradiations in the 3 = 15.1 kJ mot?), despite the use of the DFT method in both
wm region were performed in Orsay using a homemade optical ., 1ations. The difference probably arises from a more

parametric oscillator (OPO) previously described in ref 3. The 51311764 (use of df orbitals for C and O atoms) but less diffuse
average power was 25 mW and the line width of the order 1 jaqjq set in ref 13 than in this work. Anyway the energies are
cm=. ) ) so close to each other that their differences are not significative,
Natural ethanol (Prolabo, RP grade) was dried over sodium jg4ing to the conclusion that the potential energy surface is
and distilled under vacuum. Argon and nitrogen matrix gases remarkably flat. This is the reason the relative stabilities found
(L’Al_r Ilqwde, N55 purity) were used without any further by Ehbrecht and Huiskehanti-gauche> anti—anti > gauche-
purification. gauche, using a semiempirical potential are still different from
the DFT results. The small energy differences between the four
Ill. Theoretical Calculations on Ethanol Dimer stable forms suggest the possibility of trapping anyone in low-
temperature matrices, the matridimer interaction being of
Density functional calculations were carried out using the same order of magnitude as these differences. Furthermore one
Gaussian 98/DFT suite of prograthand the 6-31++G(2d,2p) may reasonably expect easy interconversiegither of photo-
basis set. The calculations employ the Becke3LYP nonlocal chemical or of thermal origin.
exchange correlation functiof@lpreviously used in studies of Table 1 gathers the geometrical properties of the four dimeric
water® methanof#61%-12 and ethandf clusters. forms. The parameters relative to the anti conformer are reported
For the monomer the two stable structures (anti and gauche)in the left part, those relative to the gauche conformer in the
are displayed in Figure 1, and the corresponding geometricalright part. The usual effects of hydrogen bonding on the PA
parameters are reported in Table 1. and PD subunits are well-identified for both anti and gauche
For the dimer full-geometry optimizations were performed conformers: for PD, shortening ofCO, lengthening of CH
for four minima as established by the absence of any imaginary (methylene) andOH; for PA, lengthening ofCO andrOH
vibrational frequencies. They correspond to open chain dimers,and shortening ofCH (methylene). These changes in bond
anti—anti, anti-gauche, gaucheanti, and gauchegauche, the length, which agree with those reported in ref 13, are correlated
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TABLE 2: Calculated Harmonic Vibrational Frequencies (cm~1) of the Monomer and Frequency ShiftSvgimer—Vmonomer Of Some
Vibrational Modes of the Anti Form of Ethanol @

PD PA

monomer antranti anti-gauche antranti gauche-anti
vOH 3847.8 (29) —163.6 (534) —167.3 (542) —7.4(39) —8.1(39)
vaCH, 3016.4 (45) —19.5 (51) —18.6 (51) 26.0 (26) 25.5(28)
v<CH, 2992.1 (65) —15.1 (69) —14.0 (71) 20.2 (59) 19.6 (60)
OOH 1270.5 (66) 57.1(75) 55.8 (105) 5.6 (76) 6.7 (67)
rCHs + v,.CCO 1095.7 (22) 17.1 (24) 17.8 (22) —9.3(15) —9.2 (29)
vaCCO+ rCHs 1029.3 (70) 21.2(78) 21.0 (40) 6.0 (85) 5.7 (78)
rCCO 894.4 (14) 3.7(11) 4.0 (11) —5.7 (24) —5.9(19)
r CH, + rCHs 822.2 (0.3) —3.3(0.0) —2.7 (0.0) 5.4 (0.4) 4.4 (0.4)

a|nfrared intensities in km mot reported in parentheses.

TABLE 3: Calculated Harmonic Vibrational Frequencies (cm~1) of the monomer and frequency shiftSvgimer = Ymonomer Of Some
Vibrational Modes of gaucheEthanol?

PD PA

monomer gauchegauche gaucheanti gauche-gauche antrgauche
vOH 3832.6 (23) —157.0 (456) —150.4 (453) —5.8(31) —5.8(31)
vaCH, 3073.0 (4) —9.6 (14) —9.6 (16) 7.5(9) 7.2(9)
v{CH; 2998.8 (59) —11.6 (71) —14.9 (71) 22.6 (52) 22.7 (55)
WCH; + 00OH + 0,CHs 1419.3 (36) 19.5 (42) 20.5 (45) 3.3(62) 4.5 (31)
0s{CHs + WCH; 1407.0 (7) 3.5(12) 3.8(12) 4.3 (5) 4.3 (13)
twCH, + 6OH 1373.1(3) 21.1(1) 21.9(2) —-2.5(2) —-2.2(2)
WCH; + 0OH + rCH; 1282.6 (11) 16.9 (12) 17.8 (12) 0.4 (11) 0.3 (10)
rCH; + v,CCO 1068.2 (97) 36.4 (81) 37.6 (68) 4.5 (75) 4.0 (67)
vaCCO+ rCH; 1055.9 (31) 4.8 (56) 5.3(53) —6.0 (64) —6.3(116)
v4CCO 880.8 (13) 3.0(8) 2.6 (14) —2.1(24) —1.7 (22)
rCH; + rCHs 806.6 (3) 1.1(2) 1.0(2) 3.9(9) 3.3(5)

2|nfrared intensities in km mot reported in parentheses.

to the frequency shifts of the corresponding stretching modes.

Tables 2 and 3 gather the data of particular relevance to the

structural analysis of the dimer (the full sets of vibrational

frequencies and intensities are available from the authors upon

request). Each table is devoted to one conformer of ethanol, to

emphasize the fact that the spectral response of each moiety

depends only on its PA or PD role and on its own anti or gauche

character and not on the conformation of its partner. This

property simply stems from the absence of vibrational coupling

between the two moieties and from a hydrogen-bonding strength

nearly independent of the conformation of the two partners. For

PD, therCO shortening corresponds to a blue shift with respect PA PD

to the monomer frequency of the three modes involving a ™M

contribution of¥CO in the range 1100880 cn1! while vOH :

andvCH; are significantly red shifted, the corresponding bond !

length increasing by about 0.008 A in both cases. For PA, the :

changes in bond length are opposite to those of PDr@® ! M M PA

andrCH (methylene) so that the corresponding frequencies are, ! PD ps PD  Calk.

respectively, red and blue shifted. As fic©H, its red shift of — . | L | ,'

about 10 cm? correlates with aOH increase of the order of 1230 1330 1430 cm

103 A. An exception to the vibrational decoupling between Figure 2. Bar infrared spectrum in the range 1440230 cm of

PA and PD is noted in the case of the argauche structure. It  ethanol monomer and dimer in their anti conformation. Lower trace,

will be discussed below. calculated (scaling factor for the frequencies, 0.975); upper trace,
Figures 2-6 schematize the spectral properties of PA and ©Pserved for species C in argon matrix.

PD according to their anti or gauche character in the discrimina- features, at least four times weaker, are located above 1370

tory domains 14361230, 1106-1020, and 836800 cnT™. cm~L. For the gauchegauche form (lower trace of Figure 3),

Figures 2 and 3 compare the calculated and observed spectréhe two main bands are located around 1400 %rthe COH

in the first domain. For a better comparison with the experi- bending being strongly coupled with the methyl symmetric

mental data, a scaling factor of 0.975 has been used in order tobending and the methylene wagging motions.

take into account the harmonic character of the calculated The region 11061020 cnt? also discriminates the anti or

frequencies. This factor has been chosen to get the best fitgauche character of PA and PD. Two clear-cut situations are

between observed and calculated values. For the-anti form displayed in Figures 4 and 5; the first one, amnti, is

the calculations predict (lower trace of Figure 1) the presence characterized by two strong bands below 1050 t@nd two

of two main bands at about 1300 and 1240¢énassignable to weaker signals at 1108 15 cntl. In the second situation,

the COH bending modes of PD and PA, respectively; other gauche-gauche, the two strongest bands are located above 1070

M Obs.

____._.__.________..._.g

----- %

anti - anti

1
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M
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M 1
M X :
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' I 1 || 1 :
I
|
M
gauche - gauche ‘ ] [ Obs
PD D
PD gauche - gauche
MI M
| '
PA PD FD | i
PA PD
M |] | PAM PDM P“? Calc. :
I L Ll PA 1
T 1 T T f PD |
1230 1330 1430 cm” :
Figure 3. Bar infrared spectrum in the range 1441230 cn1? of M |
ethanol monomer and dimer in their gauche conformation. Lower trace, , X
calculated (scaling factor for the frequencies, 0.975); upper trace, ! !
observed for species F in argon matrix. I i Cale.
I I
M T - T T g
) 1025 1075 1125 cm
i " . .
i Figure 5. Bar infrared spectrum in the range 1320020 cnt? of
\ ethanol monomer and dimer in their gauche conformation. Lower trace,
X M calculated; upper trace, observed for species F in argon matrix.
: )
X ' 1cm=2km /mol ]
I 1
X ' PA
! | ! Obs. M
| i | . '
PD L@
‘ |
1
FA PD . . | 1cm=0.2 km/mol !
anti - anti
M
I
: PA
! PD
! ©
: pa M D I
1 !
: : Calc.
T ' T : T PA
1025 1075 1125 em™!
Figure 4. Bar infrared spectrum in the range 1120020 cnt! of
ethanol monomer and dimer in their anti conformation. Lower trace, )
calculated; upper trace, observed for species C in argon matrix. PD

cm?, the two others, 20% weaker, in the range 186050

cm L. These differences would be expected if one recalls the

noticeable spectral changes from anti- to gauche-ethanol mono- A

mer?8 the anti form being characterized by two bands at 1095

and 1029 cm! (the first one three times weaker) and the gauche PD

form by two bands at 1068 and 1056 cth{the first one three 1 . — ; |

times stronger). Unfortunately the situation is rendered com- s3e 820 810 cm

plicated for the antrgauche form because of a surprising Figure 6. Calculated bar spectra of the methylene rocking modes of

coupling between the CCO motions of the two partners, giving ethanol dimer in its four stable conformations atiti (a), ant-gauche

rise to two nearly degenerate modes at 1050cm (b), gauche-anti (c), and gauchegauche (d). Note the change in
As for the region 800 cmt, Figure 6 displays the remarkable ~ intensity scale fronanti- (830-815 cn”) to gauche(810-800 cnt)

behavior of the methylene rocking (rGHmode characterized -ethanol.

by a higher frequency and a much lower intensity for the anti

form of both PA and PD. Typically the anti/gauche frequency and 1040 cm*, that of PA by two strong bands around 1250

shift is of about 15 cmt and the intensity ratio at least a factor and 1030 cm?; on the other hand, the gauche character of PD

of 10. Such a difference stems from a weak coupling between is identified by two strong signals around 1400 and 1100%¢m

the CH, rocking and the CO stretching in the case of the gauche that of PA by one strong band close to 1060 énfrurthermore

form. the presence of gauche forms for PA and/or PD is confirmed
To conclude this vibrational analysis, it appears that the anti by the presence of rGtsignals around 800 cm, that of anti

character of PD is identified by two strong bands around 1300 forms by the observation of weak bands around 810%cm

M
1

: ()
!

]

1

-1
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TABLE 4: Vibrational Frequencies (cm~1)2 of Ethanol Dimers Trapped in Argon Matrix at 7 K

Vir = 3527 cnrlb Vir = 3536 cnrlc
(CoHsOH),/Ara C F A E assignment
3665.3 w 3665.4 m P
3660.1w 3660.4 m 3646.0 m JOH
3536.2 s 3536.2 s 3520.7 s
3531.2 s PD
3527.2 s 3527.2s 3506.6 s
3523.3s
2988.3 2987.7m 2996.7 m
2984.1m
2977 b, m 2299378786 W 2972.8 m VCHS, VCHZ
2906.8 w
2901.4 m
1491 b, w 1491.1w 1484.7 w OCH,
1446.3 w 14495 m
1443.8 w
1436.3 w 1433.5w OCH; + wCH,
1404.7 m 1399.0 m
1391.4m
1368.2 w 1368.3 w 1373.3w
1308.3m
1302.4m 1302.3m 1267.8w 1309.0 m 1300.8 w PD
1291.5w PA 6OH
1243.7 m 1241.8 m 1250.8 w 1243.1s
1235.9 w 1238.5w
1163.0w rCHs
1159.5 w 1129.0 w
1102.5m 1102.4 m 1099.3 w =p)
1083.6 w 1082.1w 1087.6 b, m 1083.6 m 1071.9 w rCH, + v,CCO
1068.2 b, w PA
1044.1 m
1039.2 m 1039.1s 1053.9 m 1057.5m 1061.7 m RECCO + rCH,
1027.4m 1027.4's 1049.3 m 1046.1 m 1040.6 m PA
888.9w 888.9m 877.4m 890.5m PP co
884.6 m 884.5m 873.7m 886.6 w 879.8m Pa
gég:ga 800.8 m 802.4 W [CH, + ICH,

2 Bands identified from annealing and concentration effects: s, strong; m, medium; w, weak; b,’lBaads whose intensity decreases (C) or
increases (F) upon irradiation at 3527 ¢nf Bands whose intensity decreases (A) or increases (E) upon irradiation at 3536 cm

IV. Spectral Results of several conformers. For convenience the species absorbing

at 3536.2, 3531.2, 3527.2, and 3523.3éwill be referred to

as species A, B, C, and D, respectively. C predominates after

diluted samples, is remarkably intricate owing to the large deposition SO that_ most of the d|mer_b_ands identified in the ot_her
spectral regions in the same conditions have to be associated

number of bands attributable to it in each spectral region. The i ) h . d in f ¢ ional
identification of several species was, however, rendered possible!© thiS SPecies. The most important domain for conformationa

: L
by selective infrared irradiations giving rise to more or less analysis, 111‘)5912(_)0 cnt’, displays two bands at 1302.4 and
complete conversion of the excited species into one or several}243.7 ¢, the first one being one of the strongest dimeric

other forms. The data obtained in argon, whose interpretation Signais. In the’CCO + rCHs dgmain, 1106870 cnt, three
is quite simple for the main species, will be first reported and 9roups of bands are observed: 11621882.4, 1039.21027.4,

analyzed. Those relating to nitrogen matrix will described in a and 888.9-884.6 cnm™. The positions of three groups of bands
second part. remarkably parallel those of the anti form of the monomer. On

IV.A. Results in Argon. IV.A.1. Concentration and Anneal-  ©ne hand, the doublet 1302:4243.7 cm*, correlated to the

ing Effects.Careful concentration and annealing effects were Strong monomer band at 1239.5 thnis assignable tdOH of
examined in Paris. The concentration range explored, 1/300 toPD and PA, respectively. The large blue shift (63 ¢jrfor

1/3000, was large enough to identify many dimer bands after PD is a well-known effect of hydrogen bonding on #eH
sample deposition, in nearly complete absence of larger mode!® On the other hand, the doublets 110621982.4 and

polymers. On the other hand, annealing of diluted samples 1039.2-1027.4 cm* are close to the anti monomeric bands at
enabled the aggregation state to be limited essentially to the1091.7 and 1025.0 cm assigned toCCO+ rCHa. The fourth
dimer. These two complementary approaches led thus to a gooddoublet 888.9-884.6 cn1! is not significant since both anti and
definition of the dimer spectrum. The left column of Table 4 gauche forms absorb at about 886 ¢miThese observations
gathers the results of these experiments, which deserve thegathered in Table 6 and compared to the results of calculations
following comments. The identification of two kinds eOH are thus strong support for assignment of species C to a dimer
bands, one with frequencies close to that the monomer and thein which both PA and PD subunits are anti conformers. They
other about 130 cr red shifted proves that the dimer is open are also in line with the fact thaanti-ethanol is the only
chain, the first group being assigned to PA, the second to PD. monomeric form present in solid argéiit is worth noting that

The presence of multiplets in each region suggests the existencehe depletion spectfaf ethanol dimer, either in the gas phase

In argon as well as in nitrogen matrix the vibrational spectrum
of (C;HsOH),, as obtained after deposition or annealing of
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TABLE 5: Interconversion between Conformers of Ethanol
Dimer Trapped at 7.6 K in Solid Argon or Nitrogen upon
Selective Irradiation at v, (cm™1)2

Argon matrix
v, = 3536
A (3536.2)+ C (3527.2)—— E (3520.7)+ F (3506.6)
Vi, = 3531
G (3513.5+F

B (3531.2)+ C
Vi = 3527
F

C 1
Irr 3527.1 em’
Nitrogen Matri® b
v, = 3516.5
o (3516.5—— 3, (3502.5)+ /3, (3500.0)

vy = 3502

Br+ B2

v, = 3500

o + € (3486.2)+ 1 (3477.4)

T T T T
o+e+ n 3540 3520 1080 1040
- Wavenumber (cm™)
vy, = 3487

0 (3489.8)+ ¢ p+a Figure 7. Effect of irradiation at 3527 crt on a Ar/GHsOH = 514
- v, = 3487 sample annealed to 38 K. Spectra recorded at 7.6 K. Upper traces, before
n (34774 ———0+p irradiation; lower traces, difference spectrum after subtraction before

vy, = 3470 12 min irradiation (laser power, 28 mW).
o+da+pj

£ (3470.3)y+ 7

the same irradiation frequency, the species participating into the main
process are underlined. The PEDH frequency (cm') of each

M
2In cases where several conformers are involved in conversions at \\ oD
R N . . C 0.05
conformer is given in parenthesésVhen bothB; and 3, behave in 1

! C

the same way they are referred to/as

oD
M
0.04
TABLE 6: Comparison between Calculated and Observed * ¥
C x4
b /\

Shifts Av = Vgimer — Vmonomer (CM~1) of the Most Significant
Vibrational Modes of anti—anti-(C,HsOH), a
Anti—Anti /E
calcd obsvé " b
PD PA PD PA Ty \

vOH -163.6  —7.4 -128.4 4.8 895 885 87 815 805 795

O0OH 57.1 5.6 62.8 2.3 Wavenumber (em™)

rCHs 1.0 2.9 —-1.5 2.0 . . .

ICHs + 1.CCO 17.1 93 10.7 96 Figure 8. Same caption as for Figure 7.

CCO+ rCH 21.2 6.0 14.2 2.4 . . .
X:CCO : 37 57 1.0 —34 Irradiation at 3527 cm®. After 1 min irradiation at 3527
rCH, + rCHs -3.3 5.4 -26 0.8 cm! (Figure 7) about 75% of C has been converted into another

species labeled F characterized by twoH bands at 3646.0

and 3506.6 cmt. Table 4 gathers the frequencies of the bands
whose intensity decreases (species C) or increases (species F)
during the irradiation cycle. Many C bands had already been
identified in concentration/annealing experiments (vide supra).
Those that are weak or overlap absorptions due to other species
are better identified in the difference spectra after subtraction
before irradiation. In particular the observation of weak bands
in the range 14361350 cnT?! confirms the structure as anti

aSpecies C in argon at 7 K. Monomer values taken from ref 6.

or adsorbed on large argon clusters, limited to the regions-1100
1020 and 916870 cnt?, show some analogies with these
matrix data. In the first region the two main bands at 1045.4
1031.4 cm?® (free dimer), red shifted to 1043-94.029.7 cntt
(adsorbed dimer), correspond to the strong matrix doublet
1037.2-1027.4 cm?, but the weaker features in the range

1 : . .
1080-1060 cnt™ have no equivalence in the matrix spectra. It anti. Indeed it is clear, from the schemes displayed in Figure 2,

is probable that this band multiplicity stems from t_he PreSence ihat the calculated spectrum for such a structure, characterized
of several conformers, but th.e absgncg of data.m the régionyy two main bands around 1300 and 1240-érand much
1400-1200 cm* makes the discussion inconclusive. weaker features above 1350 thcorrectly fits the observed
IV.A.2. Monochromatic IrradiationsOPO irradiations were  spectrum, unlike the calculated gauefgguche one in which
carried out at each of the PEDH frequencies of A, B, C, and  the main signals are located above 1380 tiffFigure 3).
D species. The experiments were performed at 7.6 K on  Species F, not present before irradiation, is also an open chain
annealed samples with Arf8s0H molar ratios of the order of  dimer whose spectrum is well-identified below 1430 énThe
500. Irradiation at 3527 cm (excitation of C) led to a specific  absence of strong bands around 1245 and 1030 excludes
interconversion process. On the contrary, irradiations at A, B, the anti structure for PA; the absence of strong bands close to
or D frequencies led to complicated conversion schemes, two 1300 cnt! and the localization around 1400 ciof the main
species at least disappearing concomitantly (Table 5). Betweenbands in the domain 143230 cnt! (Figure 3) suggest a
two irradiation cycles the sample was regenerated by warming gauche structure for PD; thus one concludes that F has a
to 12 K for 5 min. The fast back-conversion processes prompted gauche-gauche structure. The difference spectrum in the range
us to study their kinetics in the dark in the temperature range 820—790 cn1! displayed in Figure 8 clearly shows the red shift
7—18 K. They will be reported at the end of this section. and the intensification of the GHocking band from anti to
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gauche conformation predicted by the calculations (Figure 6). Annealing to 26 K of relatively concentrated samples/(N
However, only one signal at 800.9 cfis observed for F C,HsOH = 300-500) leads to the formation of not less than
instead of the two expected. A possible explanation is an overlapseven dimeric species characterized/®H PD frequencies at
of the two bands, the observed signal being broadened on its3516.5, 35023500 (overlapping doublet), 3494.1, 3489.7,
low-frequency side. 3486.2, 3477.4, and 3470.3 chnThese species will be referred
Irradiation at 3536 cnl. Irradiation at 3536 cmt induces to asa, 8, y, 0, €, n, ¢ in the order of decreasing frequencies.
conversion of both A and C species because of band overlapA second annealing to 30 K causes the growtlwaind, to a
and of the high photosensitivity of C. The generated species much less extent, efand the decrease gf The whole spectrum
are F (coming from C) and a new one, hereafter referred to asof «, which becomes the predominant species, can then be
E, characterized by a PDOH band at 3520.7 cm. The identified (Table 7). A remarkable point is thais characterized
identified bands of A and E are reported in Table 4. The in the free OH stretching domain by three bands with compa-
strongest bands of A in the domain 143230 cnt? are located rable intensities at 3646.0, 3641.8, and 3636.7 trSuch a
at 1309 and 1243 cm, which suggests an antanti structure. multiplicity suggests that there exists several subclasses of
However, the situation is not so clear in the range H0080 differing by the conformation of PA.
cm* where the main bands are located at about 1084, 1057, |v.B.2. Monochromatic IrradiationsOPO irradiations were
and 1046 cm'. As for species E, the presence of at last one carried out at each of thedH absorption frequencies previously
partner with a gauche form is deduced from the presence of areported for the PD molecule of the various dimers. The
strong band at 1399 cr, in partial overlap with the bands of  experiments were done at 7.6 K on annealed samples with N
species F at 14051391 cnt, and by a noticeable narrow ¢ H.0H molar ratios of the order of 350. Positive effects were
feature at 802.4 cnt in the absence of any signal of its  optained at each frequency, as shown in Figure 8, which displays
precursor in the same domain. the effects of successive irradiations at 3516, 3500, and 3487
_ Iradiation at 3523 cm™. The main spectral changes Upon  ¢m-1, The analysis of the photoconversions was revealed to be
irradiation at 3523 cm correspond to the €- F conversion gjfficylt because of band overlap causing the simultaneous
because of band overlap. Secondary effects corresponding 1qonyersion of several precursors and because of the formation
the intensity decrease of D are hardly observable, and in any of several products from one precursor (Table 5). The only way
case do not allow one to conclude about the conformation of 1 analyze correctly the processes was to record spectra after

this species.

Irradiation at 3531 cm?®. A complicated photoconversion
scheme occurs upon irradiation at the POH frequency of
species B. The main process is € F, followed by the
conversion of B into another species absorbing at 35135 cm
and, to a less extent, of A into E. Band overlap makes difficult
the identification of the bands of B. As for its descendant, it is

characterized by four features at 3513.5, 1291.8, 1057.0, and

882.2 cnml.

Back-conersion in the Dark.The C— F back-conversion
in the dark has been studied at three temperatures (7.6, 13.
and 17.0 K) according to the following method. After one

irradiation cycle the sample was kept in the dark, and spectra

limited to the region 1200550 cn1! by means of an interfer-
ence filter were recorded for about 20 min. This duration was

long enough for the sample to recover its spectrum before

irradiation. The C— F conversion was followed by measuring
the intensities of the bands at 1049.3 and 1027.4¢m
respectively assigned to F and C. The data analysis was carri
out under the hypothesis of a first-order process characterize
by a kinetic rate constarik such as

dic] _ _dIF]_
dt o dt

ke [F]

Integration of these equations leads to
[C]., — [C]
[Cl, — [Clo

Logarithmic plots of these relationships are linear with slopes
equal to—0.0018,—0.0028, and—0.0043 s at 7.6, 13, and
17 K, respectively. An Arrhenius plot lkr versusT ! leads to
an activation energy of the order of 100 J miol

IV.B. Results in Nitrogen. IV.B.1. Annealing EffecSeveral
species of dimer were differentiated according to their growth

[F] = [Flo exp(-kt) and = exp (kqt).

short irradiation durations, of the order of some tens of seconds,
to follow the different steps of conversion occurring at different
time scales.

Irradiation at 3516.5 cm. After 1 min irradiation at 3516.5
cm1, the corresponding band assigned todhgdimeric species
has been reduced to about a quarter of its initial intensity, with
concomitant intensity increase of tlfedoublet close to 3500
cm~1, and, to a much less extent, of theignal at 3494.1 crit
(Figure 10). Longer irradiation times give rise to an interesting

gProcess, th@ component at 3502.5 crh (hereafter referred to

as f31) decreasing in intensity, the othef,f, at 3500 cm?,
continuing to grow. This opposite behavior®fandfs, enables
their spectra to be separately identified (Table 7). Furthermore
the decrease qf; correlates with the growth of thé bands.
The structural properties of stem from the following observa-
tions. In the range 143601240 cn! the main band is located

at 1305 cm?, typical of the PDOOH mode ofanti-ethanol

e0(1302.3 cn1! for species C in argon). The anti character of PD
d's confirmed by the strong bands at 1100.2 and 1040'cm

(vaCCO+ rCHg). Accordingly the doublet 1063-41055.9 cn!
should be assigned to the two modes (kCHv,CCO) of PA
measured at about the same frequencies for monogauiche
ethanol, the intensity of the high-frequency component being
in both cases three to four times stronger. It is thus concluded
thata is an anti-gauche dimer. However, this conclusion does
not agree with the calculations that predict two quasi degenerate
modes at 1050 cmt involving simultaneous motions of both
moieties; such an intermolecular coupling, exclusively obtained
for these two modes of the artijauche conformer, casts some
doubt on the quality of the calculated values.

Irradiation at 3502 cnt. In the first 3 min of irradiation at
3502 cntt the 81, component centered at 3502.5 thstrongly
decreases in intensity, while the low-frequency compoffent
is weakly modified. For longer durations of irradiation, this
second component tends to decrease significantly. The main

rate dependence with the annealing temperature. However, theiproduct of photolysis ist in both cases, but theands species,

identification was complicated to some extent by the simulta-
neous thermal conversion antt gauche of the monomér.

absorbing at 3486 and 3477.1 chnrespectively, also grow
up. The assignment gf; deduced from the band intensity
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TABLE 7: Vibrational Frequencies (cm~1)2 of Ethanol Dimers Trapped in Nitrogen Matrix at 7 K

Coussan et al.

annealing oc B B of 79 gh
ggﬁ:g w ggii:g w 3653.5 W 3635.0 w 3639.2 W 3637.0w
3636.7 w
351655 3516.5s 3502.5s 3500.5 s 3489.8's 3477.4s 34703's
3501w, b
3490 w
1445.0 w 1445.0 w
14383 w, b
1414.0w, b
1399.9 w 1399.7 m 13983 w
1397.0w 1397.0w 13955 w 1392.0w, b 1394.1w
1370.4 w 13705 w 1369.0w 13733 w 1372.7w 13725w
1345.0 w 1340.4 w 1346.4 w
13145w 13145 w 1317.6 m 1317.9w 13225w 13222 w
1304.3m, b iggi'g m 1307.7m 1312.0w 1314.9 w 1315.8 w
1268.6 w 1278.2 w 12745 w 1275.2w
1258.3 w 12571 w 1252.5w
11212 w
1100.2 m 1100.1's 1107.4 w 1102.0m, b 1102.6 w 11043 w 1097.0w
1082.1 w 1085.2 w 1084.5w, b 1084.2 w
1074.5w, b 1072.5w
1063.4 m 1063.4's 1065.4 w 1060.5 w
1056.0 m 1055.9 w 10572 s 1057.3m 1051.9m
1051.9 m 1051.8's 1050.3 m 10482 m. b 1047.9m
1048.9m, b 1048.7 w
10415 w
10406 s 1040.7 s 10433's, b
1039.7 s 1039.8 1031.8w 1029.2 w 1029.5 w
888.8 W 888.7 W 891.8 W 888.6 W 896.5 W
882.9m 882.9m 877.7m 883.3w, b 876.7 w 8745w S;g'g w
812.5w 812.5w 811.5w 801.9 w
808.8w, b 808.9 w 800.3 W 808.3w 799.7 w 800.7 w 799.9 w
596.5 m 596.5 m

aThe bands in the spectral range 360a@50 cnt! have not been reported: s, strong; m, medium; w, weak; b, bPddainds growing
preponderantly in the temperature range-26 K. ¢ Bands whose intensity decreases upon irradiation at 3516 €iBands whose intensity decreases
upon irradiation at 3502 cm. ¢ Bands whose intensity decreases upon irradiation at 3500. édands whose intensity decreases upon irradiation
at 3487 cm?. 9 Bands whose intensity decreases upon irradiation at 3478. éBands whose intensity decreases upon irradiation at 3470.cm

decreases at the beginning of irradiation at 3502%coonfirms
the one deduced from the effect of irradiation at 3516 trm
the absence of any characteristic band in the domain 1430
1240 cn1l, the structure of8; cannot be specified.

Irradiation at 3500 cm?. Irradiation at 3500 cmt induces
the photoconversion of boffy andf, species, the main product

cm! causes a 50% intensity decrease of the band centered at
3477 cnrt characterizing speciesand an increase of the bands
at 3497.8 and 3489.8 crh Table 7 reports the frequencies of

the bands assignable#omon the basis of their intensity decrease.

Irradiation at 3470 cmil. In the first step of irradiation, which
lasts about 1 min only specid€sabsorbing at the irradiation

being a, speciess and#n growing moderately. The observed frequency decreases in intensity with concomitant increase of
spectral changes confirm the assignment already proposed fotthe bands assigned to. For longer irradiation duration; is
B2. The structure of this species can be discussed on thealso photolyzed, probably because of band overlap. Table 7
following grounds: the main bands in the range 143040 gathers the frequencies of the band;afssignable on the basis
cm~1are located around 1310 ci which is typical of an anti of their intensity decrease at the beginning of the irradiation
form for PD. This structure is compatible with the presence of cycle.
the bands at 1102.0 (medium) and 1043.3 (strong)cHRor Back-conersions in the DarkThe behavior of the photo-
PA we suggest a gauche structure characterized by a strongproducts after irradiation at 3516.5, 3500, and 3478 twas
signal at 1057.2 cm. studied at 7.6 K under the same conditions as in argon matrix.
Irradiation at 3487 cml. Two species at the origin of the In each case the back-conversions are very slow and, as a
overlapping bands at 3489.8 and 3486.0 trare affected by consequence, have not been examined in detail. In the case of
irradiation at 3487 cmt. In the first 2 min of irradiation the  the photoconversion af upon irradiation at 3516.5 cr, less
broader component at 3489.8 chicorresponding to species than 10% s of the converted quantitycfvas regenerated after
0) strongly decreases in intensity, the 3486.0-¢éwomponent 40 min in the dark, with concomitant decrease of {be
(associated withy) being weakly modified. Then, for longer  concentration. The same proportion &f was regenerated in
durations of irradiation, both species are converted in the same40 min after photolysis at 3500 crh Lastly, in the casey
proportions. The species generated during these different stepgphotolyzed at 3478 cnt, about 20% was regenerated after 30
aref1 + B2 and, to a less extent,. Table 7 gathers the bands min in the dark.
of 0 identified at the beginning of the irradiation cycle. Those
assignable te are scarce and located below 11001§1082.2,
1064.5, 1049.1, and 874.6 cA).
Irradiation at 3478 cml. One minute irradiation at 3478

V. Conclusion

The dimer of ethanol is trapped in argon or nitrogen matrices
under several open chain conformers readily interconverted upon
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modes close to 13601040 and 12461030 cn1? for PD and
oD PA, respectively, while its gaucheauche photoproduct is
Lo characterized by three doublets centered at about 1400, 1075,
and 1050 cm!. The relative stability of the conformers is
dependent on the nature of the matrix since in nitrogen the most
abundant conformer is antgauche (main bands at 1360040
cm! for PD and 1406-1060 cnt? for PA). The weak energy
gaps between these conformers are at the origin of such matrix
effects, already observed for the methanehter heterodimeté 19
Similarly, as previously observed for (GBH),, the products
of photolysis are better stabilized in nitrogen than in argon,
b possibly because of a specific interaction between the free OH
I group of PA and one molecule of the host crystal. Coming after
the photolysis of methanol aggregates according to the same
technique of selective infrared irradiation in the 218 region,
this study confirms the high photosensitivity of clusters of
alcohols in matrix as well as in liquii24 or gas phasé.

1

Irr 3487 cm™

o Irr 3500 cm™
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