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Structural and Conformational Properties of 1,1,1-Trifluoro-2-propanol Investigated by
Microwave Spectroscopy and Quantum Chemical Calculations

Introduction

Molecules containing intramolecular hydrogen (H) bonds
have for a long time been the main research interest of this
laboratory. Recent studies are found in refsl4. Reviews are
also availablé>18

The fluorine atom is an interesting proton acceptor for
H-bonds, and numerous spectroscépit16:19-32 and electron-
diffraction'®33-37 studies have been made of the internal
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The microwave spectrum of 1,1,1-trifluoro-2-propanol, sCH(OH)CH;, and one deuterated species,
CR,CH(OD)CH;, have been investigated in the 26@2.0 GHz spectral region at abotb0 °C. The rotational
spectrum of one of the three possible rotameric forms was assigned. This conformer is stabilized by an
intramolecular hydrogen bond formed between the hydrogen atom of the hydroxyl group and the nearest
fluorine atoms. The hydrogen bond is weak and assumed to be mainly a result of attraction between the
O—H and the C-F bond dipoles, which are nearly antiparallel. The identified rotamer is at least 3 kJ/mol
more stable than any other rotameric form. Two vibrationally excited states belonging to two different normal
modes were assigned for this conformer, and their frequencies were determined by relative intensity
measurements. The microwave work has been assisted by quantum chemical computations at the MP2/cc-
pVTZ and B3LYP/6-31%+G** levels of theory, as well as by the infrared spectrum of theHDstretching
vibration.

atomic arrangements. These rotamers are drawn in this figure,
where the R configuration is used as model.

In conformer |, the H+O1—-C2—-C1 link of atoms has an
antiperiplanar conformation, with a dihedral angle of abouf 180
from synperiplanar (dihedral angte 0° by definition), whereas
this angle istsynclinal (+gauche; abou#-60°) in conformer
[l and —synclinal (-gauche; approximatety60°) in conformer
.

H-bonding properties of this atom. These studies have shown The conformational properties of TF2P have been studied
that the fluorine atom is a rather weak proton acceptor and thatPreviously with conflicting results. Murto et &.studied the
the H-bonds in which it is involved are mainly dipetdipole tittle compound using infrared (IR) spectroscopy and found that

interactions.

only conformer | exists. Durig et &2 using IR and Raman

Fluorine-containing alcohols such as, for example, 1,1,1- spectroscopy, claimed that all three conformers coexist, with Il

trifluoro-2-propanol, CECH(OH)CHs (TF2P), have been sug- 88 the most stable one, being 3.06(90) k_J/_moI lower ir_] energy
gested as a replacement for Fréibecause they are thought than |. Recently, Schaal et#came to a similar conclusion as
to have preferable environmental qualities. This laboratory is that of Murto and co-workers in their combined IR and quantum

involved in research focusing on the elucidation of the physical chemical (B3LYP/6-3+G* level) study.

and chemical properties of fluorinated alcohols and etffers, No microwave (MW) investigations have been previously
with the aim of developing a greater understanding of their conducted for TF2P. MW spectroscopy is ideal for investigating
emerging environmental importance. complicated conformational equilibria between several polar

Structural studies by electron diffraction and microwave conformers because of its high specificity. The three rotamers
(MW) spectroscopy have been carried out for several fluoro- (Figure 1) should each possess a relatively large dipole moment,
ethanold:32:33and fluoropropanol¥}20.2428.3¢ew studies have ~ which is a prerequisite for a strong MW spectrum. Moreover,
been conducted for fluorine-substituted 2-propanols. One ex- the high volatility of TF2P allows it to be studied at reduced
ample is CHCH(OH)CHF2* Two H-bonded rotamers are temperatures. This is advantageous since the intensities of MW
possible in this case, but only the conformer with the methyl transitions are proportional td 25, whereT is the absolute
and hydroxyl groups in the antiperiplanar conformation was temperature. The high volatility and the high polarity of its

detected

rotamers make TF2P well-suited for a microwave conforma-

TF2P exists in two enantiomeric configurations, which will tional investigation.
have identical MW spectra. The conformation of the titte  Advanced quantum chemical calculations have also been
compound is determined by the position of the hydroxyl group performed. These are able to predict to a high degree of accuracy
(see Figure 1). There are three conformers having all-staggereca series of physical properties such as rotational and centrifugal

distortion constants, dipole moments, and relative energies,

* Corresponding author. E-mail: harald.mollendal@kjemi.uio.no. which are useful in assisting and guiding experimental work.
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Conformer I Conformer I1

Conformer I1I

Figure 1. Possible rotameric forms of 1,1,1-trifluoro-2-propanol. A microwave spectrum attributable to conformer | was observed in this work.
This rotamer is at least 3 kJ/mol more stable than any other form of the molecule.

Experimental Procedures constants obtained from MW spectra. The MP2 rotational
constants are therefore useful starting points in the assignment
procedure of a complicated MW spectrum, such as that expected
for the title compound.

The basis set chosen in the present case was Dunning’s
correlation-consistent triplé-basis set with polarized valence
electrons, cc-pVT2? with frozen core electrons. The fully
optimized geometries and dipole moments were calculated using
this extensive procedure. The MP2/cc-pVTZ geometries are
gsted in Table 1. Atom numbering is shown in Figure 1.

The vibrational frequencies were not calculated using the MP2
procedure, owing to constraints on computational time. Positive

The sample utilized in this work was purchased from
Fluorochem, Ltd. It was specified to be more than 97% pure
and was used as received. The deuterated specigSHIBD)-

CHa, was produced in the microwave cell by admitting small
guantities of heavy water together with the parent species. A
rapid exchange of the hydrogen atom of the hydroxyl group
with deuterium was observed. About 50% deuteration was
achieved this way.

The spectra of the parent and deuterated species were studie
using the Oslo spectrometer described in ref 1. Most measure-

ments were made in the 2@8 GHz region. Selected parts of L2 .
values for all vibrational frequencies are normally used to show

the 48-62 GHz frequency range were also studied. No that th nformation derived in th lculations represent
impurities were seen in the spectrum of the parent species. Radio at the conformation derive € calculations represent a

frequency microwave frequency double resonance (RFMWDR) ?ﬁg';?grrg Sg ;he|-§ge-rr?yth2ypfésggfii ;’hﬁocrgeg:)n_t qans';(gn
experiments were carried out as described in ref 44 using the Table 1 that pI[I)tIh tl) d pres ; S .III W Vt , | 'Sd
equipment mentioned in ref 1. The microwave absorption cell (Ta e ) that all the bonds in conformerslil are s aggere

was cooled to about50 °C during the experiments, and the on adjacent atoms, as one would expect for a true minimum-
pressure was roughly 5 Pa. The spectra were recorded usin nergy conformation. Moreover, the conformations efll

the computer programs of WABRnd Gran&sé The accuracy ound in these MP2 calculations are the same as the corre-

of the frequency measurements is estimated to be of the orderSponqmg Qnes.obtained n thg DFT calculations described next.
of £0.10 MHz or better Positive vibrational frequencies were calculated for all three

. .__conformers in the latter case.

The infrared spectrum was taken at room temperature using .

a Bruker IFS66 spectrometer. A multiple-reflection gas cell with Th_e rota}tlonal constants calcu_lated from t_he_ MP2 structures
an optical path length of about 120 m was employed. The are listed in Table 1 together with th_e pnnmpahernal_axes
pressure of the gas was roughly-800 Pa. The resolution was dipole moments and the total electronic MP2 energy differences
1.0 cntl. between the three conformers.

Calculation of the vibrational frequencies, the quartic and
sextic centrifugal distortion constants of Wat$érand the
vibration—rotation interaction constants, which may be available

Quantum Chemical Calculations. The Gaussian 03ack- from the MW spectra for comparison, could not be performed
agé’ running on the HP Superdome in Oslo was employed in using MP2/cc-pVTZ owing to the computational resources
the quantum chemical calculations. Ab initio and density available in this lab. Instead, much less expensive DFT
functional theory (DFT) calculations were performed. calculations were performed. The B3LYP functional of Becke

Mgller—Plesset second-order perturbation calculatfoihgP2) et al®? and the 6-31%+G** basis set were employed. The
employing a large basis set were first carried out for two structures, rotational constants, dipole moments, and total
reasons: first, accurate equilibrium geometries are predicted thiselectronic energy differences are listed in Table 1 together with
way*® Second, there is generally a relatively small difference the corresponding MP2 predictions. In addition, the total B3LYP
between the approximate equilibrium rotational constants electronic energy differences corrected for zero-point vibrational
calculated from such MP2 geometries and the effective rotational energies are given in this table. These quantities are of course

Results and Discussion
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TABLE 1. MP2/cc-pVTZ and B3LYP/6-311++G**
Structures? Rotational Constants, and Dipole Moments of
Three Conformers of 1,1,1-Trifluoro-2-propanol

Mgllendal

TABLE 2: B3LYP/6-311++G** Quartic Centrifugal
Distortion Constants (kHz)? of Three Conformers of
1,1,1-Trifluoro-2-propanol

conformer Il 11 conformer | 1l ]
method MP2 B3LYP MP2 B3LYP MP2 B3LYP Quartic centrifugal distortion constants
: R
O1-H1 963 964 964 965 961  96.2 Af(K 0211 _0.282 _0.291
Cc2-01 1411 1416 1411 1413 1415 1419 Py 0.0583 0.0595 0.0594
C2-H2 109.4 109.8 108.8 109.2 109.4 109.8 o0 0823 —0.922 107
Ccl-c2 151.0 1520 151.6 152.6 1515 152.6
C2-C3 151.9 1533 1519 1533 1517 1529 a A-reductions!
C1-H3 108.6 109.1 108.6 109.1 108.9 109.3
Cl-H4 108.7 109.1 108.7 109.1 108.7 109.2
gé:?f igi'_; 13223 igg:i igi'.j gg"; igi:i the B3LYP method. This small difference is somewhat surpris-
C3—F2 133.5 134.4 134.7 135.8 133.7 134.6 Ing given the hlghly electronegative fluorine atoms attached to
C3-F3 1341 1352 1341 1353 1345 1357 C3.
Angle (deg) The dipole moments and total electronic energy differences
H1-01-C2 108.0 109.4 107.3 108.8 107.4 108.7 obtained in the two procedures are also similar. Both methods
01-C2-H2 111.6 111.0 106.0 1056 111.2 110.7 predict conformer | to be about 2 kJ/mol more stable than Il
01-C2-C1 107.8 108.2 1127 1130 1127 1128  gnd roughly 10 kd/mol more stable than Ill. Correction for zero-
gg:gf:gg icng.'g icng.'cl) igg_‘g igg_'g iég_'g igg:g point vibrational energies, which can only been made in the
C2—Cl1—H4 1109 1110 1114 1113 1112 1112 B3LYP case, influence the energy difference between conform-
C2—-C1-H5 109.7 1102 1104 111.0 1100 1105 ersllland I by about 1.6 kd/mol but affects the energy difference
C2-C3-F1 1103 1104 112.0 1122 1116 1120 between Il and | by only 0.2 kJ/mol.
C2-C3-F2 1128 1133 1108 1111 1122 1127 MW Spectrum and Assignment of the Ground Vibrational
C2-C3-F3 1109 1111 1112 1114 1098 1098  giate of Conformer I. The partition function of TF2P is
Dihedral angle (deg) relatively large even at50 °C because the rotational constants
:i:giggigi —7132'.?1 _ﬁgg 1;;:‘21 1;2_? _497_55'2 _55§§'2 (Table 1)_ are comparatively small, and eight normal vibrational
H1-01-C2-C3  60.0 60.9 —682 —-694 —1709 —178.4 frequencies are less than 500 Thaccording to the B3LYP
C3-C2-C1-H3 —177.5 —177.3 179.9 —179.1 —178.7 —178.1 calculations (not given in Table 1). Each rotational quantum
C3-C2-Cl1-H4 -57.4 -575 —-59.8 —59.2 —-59.3 —59.1 state will therefore have a low Boltzmann population. It was
C3-C2-Cl-H5 634 636 607 615 619 623  therefore not surprising to find that the MW spectrum was
gi:gg:gg:g __1;2'2 e _16736'74 _eismis A7 comparatively weak, even at this low temperature.
C1-C2-C3-F3 656 659 558 550 614 608 The three conformers were each predicted to have a large
Rotational constants (MHz) _dlpol_e moment component al(_)ng either the_nr thec-prln_c_|pal
A 35382 34902 35185 34733 3536.3 34880 Inertial axis (Table 1), allowing perpendicular transitions to
B 24223 2370.8 2426.6 2376.0 2442.7 2391.7 occur. This should result in a very dense spectrum, as was the
c 1984.4 1944.8 1988.9 1950.5 19954 1956.4 case. In fact, absorption lines occur every few MHz throughout
Dipole momerft (10-% C m) the entire MW range.
Ua 35 3.9 6.4 6.8 11.3 11.4 The quantum chemical computations described previously
Ub 01 0.1 4.1 4.2 3.7 34 indicate that conformer | is the preferred form of the molecule.
He 2.0 5.0 12 13 4.0 44 The largest dipole moment component of this rotamer is
fhot 61 63 78 80 125 127 calculated to bet. (Table 1), this being somewhat larger than
Energy differences(kJ mor™) ua. However, theiR-transitions are often easier to assign than
0.0 8:g 2.2 g:g 9.5 12:5 the c-type lines, as RFMWDR searches can be conveniently

made for these parallel transitions. RFMWDR searches were
therefore first made in the 460 GHz spectral region, where
the strongesb-type R-branch transitions are located. These
searches met with immediate success. The fipstines were
then found in the 2630 GHz region using a trial and error
procedure. The assignments were next extended to include
additionalc-type Q- and R-branch transitions. The frequencies
not available in the MP2 case because vibrational frequenciesof the b-type lines could now be predicted very accurately.
were not calculated. The quartic centrifugal distortion constants However, ndo-type transitions were found, presumably because
of Watsort! are listed in Table 2. It should be remarked that no they are very weak as a consequence a small valug. dfhis
correction for basis-set superposition errors was made in eitheris in agreement with the predictions (Table 1) made for
the MP2 or the B3LYP calculations. conformer 1. A total of about 600 transitions was ultimately
A few comments are warranted. It is seen in Table 1 that the assigned; 577 of these with a maximum valuel of 67 were
MP2 and B3LYP structures are quite similar. All MP2 bond used to determine the spectroscopic constants (A-reduction, |
lengths are slightly less than their B3LYP counterparts. The representatiod) shown in Table 3. The centrifugal distortion
largest variations are seen for the dihedral angles, which vary effect is relatively small in this compound, even for high-J
by up to 7 (the H1I-0O1-C2—-H2 dihedral angle). transitions. The quartic centrifugal distortion constants and only
Interestingly, both computational procedures predict a rather one sextic constantyf) were therefore fitted. The root-mean-
small variation in the C+C2 and C2-C3 bond lengths. The  square of the fit (0.090 MHz) is comparable to the experimental
largest variation (1.3 pm) is calculated for conformer | using uncertainty, which is estimated to b€.10 MHz. The spectrum

2 Atom numbering is given in Figure 2.1 D = 3.33564x 107 C
m. ¢ Relative to conformer I9 Total electronic energy differences. Total
MP2 energy of conformer | is-1290145.7 kJ/ mol Total electronic
energy differences. Total B3LYP energy of conformer+5292400.2
kJ/mol." Total electronic energies corrected for zero-point vibrational
energies.
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TABLE 3: Spectroscopic Constant8 of the Ground
Vibrational State of the Parent and One Deuterated
Isotopolog of Conformer | of 1,1,1-Trifluoro-2-propanol
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group. A total of about 450 transitions with a maximumJof
71 was assigned for this state. Relative intensity measurements
performed as described in ref 53 yielded 76 (25) &fior this

species CECH(OH)CHs CRCH(OD)CH; vibration, as compared to the unscaled frequency of 85'cm
A (MH2) 3523.9412(13) 3434.1137(28) obtained in the B3LYP calculations.
B (MHz) 2404.8353(12) 2388.8274(36) Apart from its low frequency, another criterion can be applied
g((ll\f:—_:;)) 3926794;(3416%(13) 01%%25-(016158(59) to assign this excited state as the first excited state of the CF
AjK (kHZ) 0:3709(15) 0. 415(24) torsion. The spectroscopic vibrationotation constantew, is
A (kHz) —0.1807(14) —0.247(19) given byox = Xo — X, whereX, is the X rotational constant
03 (kHz) 0.06082(17) 0.0690(20) in the ground vibrational state ané, is the corresponding
ok (kHz) —0.7988(22) —0.831(41) constant of the first excited vibrational state of a normal nfdde.
¢ (Hz) 0.0000405(95) c The values calculated from the entries in Tables 3 and 4are
[1’25’ (MHz) 2.0%0 ot = 0.808,0s = 5.391, anchc = —0.063 MHz, which compare

favorably with the corresponding values, namely, 0.881, 5.199,
and —0.238 MHz, obtained from the B3LYP calculations.

The vibrational frequency of the second excited state to be
assigned was determined to be ca. 200" nby means of
relative intensity measuremertfsA total of 117 transitions was
assigned for this state with.ax= 32 (Table 4). It is considered

a A-Reduction 1 representatioft ° Further sextic centrifugal distor-
tion constants preset at zefPreset at zerd! Root-mean-square
deviation.® Number of transitions.

TABLE 4: Spectroscopic Constant8 of Vibrationally
Excited States of Conformer | of 1,1,1-Trifluoro-2-propanol

vib. state first ex. GCFstorsion  first ex. G-CHs torsior? likely that this state is the first excited state of the torsional
A (MH2) 3523.1328(17) 3522.6873(86) vibration of the methyl group, which is calculated (B3LYP) to
B (MHz) 2399.4446(17) 2403.9701(89) have an unscaled frequency of 208 @mThe values of the
C (MHz) 1969.7945(17) 1968.672(11) vibration—rotation constants for this state are naw= 1.254,
A;(kHz) 0.2773(92) 0.152(26) og = 0.865, andac = 1.060 MHz, as compared to 1.568,
As (kH2) 0.3918(18) 0.285(24) 1.1439, and 1.543 MHz, respectively, from the B3LYP calcula-
Ax (kHz) —0.2061(20) —0.102(21) tions
03 (kHz) 0.06030(19) 0.0480(36) : , )
Ok (kHz) —0.8448(25) —0.671(40) Deuterated SpeciesThe assignment of the spectrum belong-
¢P (Hz) 0.0000294(75) c ing to CRCH(OD)CH; was straightforward. The first assign-
m;esd (MHz) 2-30185 8-11753 ments were made for th@R-lines, which were predicted by
n

adding the differences of the rotational constants calculated from
the structure in Table 1 to the experimental constants in Table
3. Thec-type lines were included next. The spectrum consisting
is listed in Table 1S in the Supporting Information together with of 129 transitions is listed in the Supporting Information, Table
derived spectroscopic constants and other relevant information.4S, and the spectroscopic constants are listed therein, as well
The dipole moment could not be determined because theas in Table 3.
low-J lines were too weak to permit quantitative measurements It is possible to calculate the principal-axes coordinates of
of the Stark effect to be made. However, the quantum chemicalthe H atom of the hydroxyl group (H1) from the rotational
calculations predict (Table 1) that, and u. are similar and constants of the parent and deuterated species by using
that up is practically zero, which is consistent with the Kraitchman’s equation® The substitution coordinates of H1
experimental observations. calculated in this manner, using the spectroscopic constants and
The differences between the experimental rotational constantstheir standard deviations given in Table 3, fae= 112.18(2),
(Table 3) and the MP2 rotational constants (Table 1)-&0&t1% [b] = 193.61(1), andic| = 29.40(8) pm, respectively. The
for A, —0.73% for B, and—0.75% for C, which is considered corresponding values calculated from the MP2 structure in Table
to be satisfactory. The corresponding values using the B3LYP 1 are|a] = 109.1, |b| = 193.2, and|c| = 28.4 pm and are
rotational constants are 0.96, 1.41, and 1.27%, respectively. Thetherefore in excellent agreement with the experimental values.
agreement between the experimental and the calculated rotaAny confusion with conformer Il is not possible because the
tional constants is thus better in the MP2 case. The differencescorresponding coordinates of the H1 atom in this rotamer as
found for the centrifugal distortion constants ar&.2, —7.0, calculated from the structure in Table 1 ga¢= 158.7,|b] =
+16.8, +4.1, and +3.4% for Aj A, Ak, 63 and Ok, 118.1, and|c|] = 90.9 pm. In conformer IIl, the coordinates
respectively. The sextic constapis calculated to be 7.1& obtained in the same manner aag= 240.0,|b| = 119.8, and
1078 Hz in the B3LYP calculations, as compared to 4.05(95) |c| = 12.9 pm, thus excluding this conformer as well.
x 1075 Hz found experimentally (Table 3). This large discrep- Searches for Conformers Il and lll. The previous assign-
ancy is not surprising considering the fact that the other sextic ments account for approximately 1200 transitions. Nearly all
constants have been held fixed at zero in the least-squares fittinghe more prominent lines have been assigned. However, a large
procedure. number of less intense transitions remain unassigned. Many of
Vibrationally Excited States of Conformer I. The ground- these undoubtedly belong to unassigned vibrationally excited
state transitions were accompanied by series of transitions thatstates of conformer I.
presumably belong to vibrationally excited states of conformer  Conformers Il and |ll are each predicted to have,avalue
I. Two excited states belonging to two different vibrational that is much larger than the corresponding dipole moment
modes were assigned; their spectroscopic constants are liste¢domponent of conformer |; see Table 2. RFMWDR and ordinary
in Table 4. The full spectra and other relevant information are Stark experiments were carried out in an attempt to fiRel
found in Supporting Information Tables 2S and 3S, respectively. type transitions belonging to Il or IlI, but no assignments could
The most intense spectrum of these excited states is assignethe made. It is felt that these transitions would have been
as the first excited state of the torsional vibration of thes CF identified, if the energy difference between either of them and

a~¢ Comments as for Table 3.
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Discussion

The energy difference between Il and | is larger than 3 kJ/
1.0 mol, as stated previously. The conformational distinction
between these two forms is just the same as the distinction
between the synclinal (gauche) and the antiperiplanar forms of
ethanol, where an energy difference of 0.49(6) kJ/mol has been
determined? far from >3 kJ/mol found previously for the title
compound. Obviously, energy differences between these two
similar conformational equilibria are not transferable.

It is apparent that several competing intramolecular forces
exist in this compound. Weak internal five-membered-H
hydrogen bonds are possible both in conformers | and in II,

3L37 whereas Il has no such bond.
The lone electron pairs of the oxygen atom are likely to
3659 interact with their neighbors. Maximum repulsion between these
lone pairs and the fluorine atoms seems to exist in lll, where
/| the two lone pairs come into close contact with two fluorine
3654 3650 atoms (F1 and F2, respectively). Only one of the lone electron
) , . , . . pairs experiences a similar destabilization in | (with F2), as well
3720 3680 3640 3600 as in Il (with F1). This repulsive effect should destabilize
Wavenumber /cm’” conformer Il more than either | or Il.
Figure 2. Gas-phase infrared spectrum of 1,1,1-trifluoro-2-propanol  Attraction between these lone pairs and both the H3 and the
in the O-H stretching region. H5 atoms is possible in |, while a similar stabilizing effect exists
between one of the lone pairs and H3 in conformer II.
conformer | was less than 3 kJ/mol. This is consistent with the Conformer | appears to be the most stable form because
quantum chemical calculations that predict | to be the preferred intramolecular interactions are more favorable in this conformer
form. It was claimed by Murto et & that conformer | is the  than in either Il or Ill. Conformer Ill definitely has the least
only rotamer present in TF2P. Schaal etatame to a similar ~ favorable intramolecular interactions.
conclusion, which is in agreement with the present findings. )

Structure. The observed (Table 3) and MP2 rotational  Acknowledgment. Anne Horn is thanked for her most
constants (Table 1) of conformer I are in excellent agreement. Nelpful assistance and George C. Cole for his thorough reading
The same is found for the substitution coordinates of H1. It is Of the manuscriptand his many suggestions for its improvement.
believed that this is not fortuitous but in fact reflects that the The Research Council of Norway (program for supercomputing)
present MP2 calculations have indeed predicted an accurateS thanked for a grant of computer time.

molecular geometry for this rotamer, in accord with previous ) . . )
claims#® The MP2 structure given in Table 1 is suggested to Supporting Informatlpn Avf’:lllable. MW spectra gf the two
be a plausible structure for conformer I. Any experimental SPEcies. This material is available free of charge via the Internet

structure that might be determined in the future is expected to &t http://pubs.acs.org.
be close to the one shown in Table 1.

Strength of the H-Bond. Evidence for a weak H-bond in
TF2P is seen from the infrared stretching vibration of the gas (1) 1-Fluorocyclopropanecarboxylic acid: Mgllendal, H.; Leonov, A;
shown in Figure 2. This band has maxima at 3654 and 3650 4e Meiiere; A.J. Phys. Chem. 2005 109 6344. _ _

~1 and shoulders at 3659 and 3637 dniThis fine structure (2) (1-Fluorocyclopropopyl)methanol: Mgllendal, H.; Leonov, A.; de
cm=ands . nd 3557°Ct Meijere, A.J. Mol. Struct.2004 695-696, 163.
is presumed to be rotational in origin. (3) 3-Buteneselenol: Petitprez, D.; Demaison, J.; Wlodarczak, G.;

The two maxima at 3654 and 3650 chshould be compared ~ Guillemin, J.-C.; Mallendal, H). Phys. Chema 2004 108 1403.
to 3682 cnt! seen for gaseous methaddlwhich of course (4) Clyceraldehyde; 1,3-dihydroxy-2-propanone; 2-hydroxy-2-propen-

g_ g . - 1-al: Lovas, F. J.; Suenram, R. D.; Plusquellic, D. F.; Mgllendal JH.
has no H-bond. A red-shift of the-€H stretching vibration of Mol. Spectrosc2003 222, 263.
roughly 30 cn! that is inferred from this comparison is (5) Formylhydrazine: Samdal, S.; Mgllendal, Bl. Phys. Chem. A

L 4 _ 2003 107, 8845.
indicative of a rather weak H-bond. (6) 2-Bicyclopropylidenemethanol: Mgllendal, H.; Kozhushkov, S. I.;

There is additional evidence in favor of weak internal de meijere, A.Asian Chem. Let2003 7, 61. o

H-bonding. The nonbonded distance between the nearest fluorinePh (7)Cﬁllylph§8%gml%aMltﬂ%rldal, H.; Demaison, J.; Guillemin, J.C.

; ys. Chem. .
atom (F1) and the H atom of the hydroxyl grou_p (H1) is (8) Glycolaldehyde: Butler, R. A. H.; De Lucia, F. C.; Petkie, D. T.;
calculated to .be 240.pm' fr'om the MP2 structure in Tgble 2. Mgllendal, H.; Horn, A.; Herbst, EAstrophys. J., Supp. Se2001, 134,
The B3LYP distance is similar (244 pm). This distance is thus 319.

i (9) 1-Ethynylcyclopropan-1-ol: Leonov, A.; Marstokk, K.-M.; de
ﬁbgm 15 pm ds];]ortc_ar thgg;herﬁsjuTrE o;/ltgg éaﬁgi.r.ygials rladu OF \eiere. A: Mallendal, H. Phys. ChemA 2000 104 4421.
.y rogen an uor'ne.( p Ihe : angle (10) 1-Amino-1-ethenylcyclopropane: Marstokk, K.-M.; de Meijere, A.;
is 102, far from the ideal linear or near-linear arrangement Mgllendal, H.; Wagner-Gillen, KJ. Phys. Chem. £00Q 104, 2897.
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