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The O—H stretchingAv = 3, 4, and 5 vibrational overtone spectra of isobutyl alcohol (isobutanol, 2-methyl-
1-propanol) are measured by using cavity ring-down spectroscopy (CRDS), where three bands are observed
for each vibrational level. They are assigned to theHDstretching vibrational absorption of the three kinds

of conformations of the hydroxyl group and further confirmed by density function theory (DFT) calculations
using highly accurate B3LYP/6-31G(d,p) and 6-311G(d,p) levels. The experimental mechanical frequencies

we, @anharmonicitiesvgye, and dissociation energid3 are evaluated by the local mode theory. The band
intensities of each band are obtained as well. The calculateld SiretchingAv = 1, 3, 4, and 5 spectra are
simulated by LorentzianGaussian sum function in order to fit the experimental spectra. The molecular
vibrational abundance and-@H stretching frequencies of different vibrations of the calculated molecular
conformations are in agreement with the experimental results.

I. Introduction thermal lens techniqu®.The O—H stretchingAv = 4 gaseous
overtone spectrum was measured using an intracavity laser
photoacoustic spectrometényhich was assigned and predicted
using the local mode model and the bond length overtone
transition wavenumber correlation for the-® oscillator, and

the geometry optimizations and total energies of the five
different conformations were calculated using both the ab initio
HF/3-21G* and HF/6-31G** levels. Furthermore, for confor-
mational studies of this molecule, the total and relative energies
of the two conformers of trans-@C—0O—H and gauche €C—
O—H of gauche,gauch2-methyl-1-propanol (2Me-€C—0)

and the energy barrier of the internal rotation of C-O—H
were calculated using the RHF/6-31G* level and single-point
second-order MgllerPlesset (MP2) theory with the 6-31G*
basis set$8 The total and relative energies of the two conformers
of gauche,gauchéMe-C-C—O—H (C—C—O—H trans) and
gauche,tranMe-C-C—0O—H (C—C—0O—H trans) were cal-
culated using the RHF/6-31G*//6-31G*//3-21G, single-point
MP2/6-31G*, and MM2 calculationg? In this article, the
higher-resolution overtone spectra of the-B stretchingAv

= 3, 4, and 5 vibrations of isobutyl alcohol in the gas phase
are also measured using highly sensitive CRDS, which show
the presence of the different conformations of the hydroxyl
group, and all the stable conformational forms are calculated

Molecular conformation is an important aspect of stereo-
chemistry. Isobutyl alcohol (isobutanol, 2-methyl-1-propanol)
is one of the typical alcohols with a stereo structure similar to
those of ethanol and propanoBecause the energy difference
among different conformations of the molecule is small,
resolving such difference by its standard nuclear magnetic
resonance (NMR) spectra is usually difficéltdowever, the
optical overtone spectra have higher resolving power to different
molecular conformations due to the sensitivity of the overtone
vibration to the local environment of XH oscillators (X= C,

N, or O)2 Meanwhile, for higher frequencies, the overtone
experiment can also be used to obtain information on molecular
conformations that change on a time scale much shorter than
the conventional NMR time scafeFang and Swoffortlhave
studied successfully the molecular conformers of gas-phase
ethanol by its vibrational overtones. Wong and M&dnave
studied the molecular conformation of alkanes and alkenes in
the gas phase by the overtone spectra. They found a bond lengt
change of 0.001 A for CH and a frequency shift of 69 érfor

the CH stretchingA\vcy = 6 overtone spectrum, as compared
to a frequency shift of 10 cri for the fundamental. For the
detection of even very weak absorptions such as overtone
spectroscopy, several techniques, including photoacoustic lase .
spectroscopyg long-path absorption spectroscdignd thermal gs:lgng %Fg atlhlgrllly accurate Becke3LYP/6-BG(d,p) and
lens spectroscopy; 12 have been used in past decades. Recently, ~ 1H+G(d,p) levels.

the advanced CRDS technique has also shown great advantage ] )

in measurements for weak absorption of overtone spectros-!l- Experimental Section

copy2 especially for the absorption of overtone spectroscopy
of 2-propanol* and 2-butanot® Furthermore, it yields absolute
guantitative spectroscopic measureméfts.

For overtones of isobutyl alcohol, the-®1 stretchingAv =
5 overtone vibration in the pure liquid was measured using

The CRDS experimental setup is similar to that of our
previous works#-16 The ring-down cavity is formed by two
high-reflection concave mirrors, placed at a distance slightly
less than 1 m. The mirrors are connected through bellows with
a glass cell, which is filled with pure molecular sample at a
* Corresponding author. Present address: Department of Chemistry, pressure of~10 Torr. A tunable pulsed OPO laser system

University of Akron, Akron, OH 44325, Fax: 330-972-7370. Phone: 330- (Sunlite, Continuum) in the wavelength range of 9460,
972-6835. Email: scxu@uakron.edu. 725-740, and 595610 nm are used. The bandwidth of the
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laser radiation is less than 0.1 cinThe laser light transmitted
through the cavity is monitored using a photomultiplier tube
(PMT), placed closely behind the cavity. The ring-down signal
from the PMT is digitized on a programmable digitizer (7612D,
Tektronix) with a 200 MHz sampling rate and a 8-bit vertical
resolution. The characteristic ring down time is determined by
fitting the natural logarithm of the ring-down exponential decay
to a straight line and by using a weighted least-squares fitting
algorithm. At each wavelength, we averaged 10 times. The
empty cavity ring down time in our setup are about 1.5, 3, and
9 us for the wavelength range of 94960, 725-740 and 595
610 nm, respectively, which correspond to mirror effective
reflection coefficients of 0.9978, 0.9989, and 0.9996, respec-
tively.

The IR spectrum of the ©H stretching fundamental of
isobutyl alcohol is measured in the regions of 35@000 cnT?
by using an FT-IR spectrometer (Impact 410, Nicolet company)
with resolution 1 cm?® and cumulative time 32, and the gas
sample pressure is about 10 Torr.

The purity of isobutyl alcohol (99%, Beijing Chemical
Company) was checked by GC runs.

Ill. Results and Discussion

The O-H stretchingAv = 3, 4, and 5 overtone spectra of
isobutyl alcohol are shown in Figure 1, where three resolved
vibrational bands of A, B, and C are found for each overtone
transition. Bands A, B, and C have different band shapes, but
they are almost identical in thév = 3, 4, and 5 spectra. The

bands in the upper level overtone are farther separated than the

one in the lower level overtone. The tendency of separation
increases with the vibrational level The band origins are
measured by fitting the band shapes and calibrated by the
standard water lines in the Hitran database 1399he errors
of experimental spectra are estimated by statistics of multimea-
surements. The three vibrational bands of Ahe= 4 overtone
in the gas phase was reporfédnd the relative measured errors
of the band origins compared to our work are8lcnt ™. Shifted
frequencies in thé\v = 5 overtone due to hydrogen bonding
in the pure liguid phase have also been repoted.

The band intensities of the €H stretching vibrations of
different conformations are obtained from the CRD spectra. The
band intensity formula for absorption speétris expressed as

§.= fo ) dv (1)

where gn(?) is the absorption cross section (in Ynat band
position (in cm™1). For CRDS!3-15 the absolute absorption
parameten(?) is 1/c(1/r — 1/tp), wherec the speed of lighty
the ring-down time of molecular absorption, angthe ring-
down time of the off-resonance baseline. Froftv) = o(7)/n,

n = P/KT, the equivalent formula of band intensity for CRDS

1) oy
Ty
with units in cnt! km™! atn! at room temperaturé = 293
K. The experimental band intensities of the overtones are
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Figure 1. O—H stretchingAv = 3, 4, and 5 overtone spectra measured

by CRDS for isobutyl alcohol. The dashed curves are smoothed spectra,
the solid curves are the band shapes of the calculated spectra, the dotted
curves are calculated three bands simulated by the sum function of
Lorentzian-Gaussian, and the dash dotted curves are calculated spectra
of conformations.

26% for they = 4 and 5 levels and near 49%:31%:20% for the
v = 3 level. The band intensities of the whole absorption of
isobutyl alcohol are nearly equal to those of 2-buté&nahd
larger by 26-30% than those of 2-propan#.

Because the ©H stretch in alcohols is, to a very good
approximation, nearly a local modéeach peak in the overtone
spectra is assigned to-M stretching vibration. Therefore,-H
anharmonic oscillators can be treated by the Bir§poner
equatiorR?®

determined by the integrated area of the whole band shape,

obtained by extending the fitted band shapes as shown in Figure

1. When the band intensities of the different vibrational levels
are compared in Table 1, they = 3 overtone is 17 times
stronger than that oAv = 4, and theAv = 4 overtone is 10
times stronger than that v = 5. The relative ratio for the
band intensities of the three bands A:B:C are near 47%:27%:

AE,,=v(A+ Bv) 3)
whereAE, o is the observed energy difference betweentte
guantum level and the ground statee = A — B is the
mechanical frequencyeye = —B is the anharmonicity, anD
= —A?%4B is the dissociation energy. The., wexe, andD of



6050 J. Phys. Chem. A, Vol. 105, No. 25, 2001 Xu et al.

TABLE 1: Observed Band Origin, Band Intensity, Mechanical Frequenciesw,, Anharmonicities wgye, and Dissociation Energy
D for the O—H Stretching Vibrations of Isobutyl Alcohol

Von="5 vou =4 von =3 von=1
molecule band origin band origin band origin deri. fred exp. freq. We Wele D (kcal
band conformatiod  (cm™) Se (cm™) S (cm™) S (cm™) (cm™) (cm™) (cm™) mol*
band A form a 16 68924 122 136934 1140 105254 17480 3679.£1.0 385@:1.0 85.3:0.2 119.@:0.6
form b (£3%) (*3%) (&3%)
band B form ¢ 16 6234 68 13 64&4 646 104864 11020 3666.41.0 3674 383%#1.0 85.3:0.2 117.9%0.5
form d (£3%) (£3%) (#3%)
band C forme 16 55¥4 68 135924 640 104484 7600 3654.62.0 3826:2.0 85.740.8 117.2£0.5
(£3%) (£3%) (#3%)

aSee Figure 1° See Figure 2¢ S, band intensity in units of cmt km™ atnmr?. 9 Frequencies derived from the spectral parameters.and
wéye by local mode theorye Frequency for the center of the-® band in the FT-IR spectrum; see Figure 3.

the O—H stretching vibration for bands -AC evaluated from
the above spectra are listed in Table 1. Up to now, the
parameters obe andweye for some alcohols have been obtains
by their overtones, includinge = 3855 cnT! and weye = 86
cm~! for methanok*26 we = 3832-3846 cnT! and weye =
85—86 cnt! for ethanok® we = 38313852 cnt andweye =

86 cnr! for 1-propanof827 we, = 3791-3831 cn! and weye

= 83—86 cn1! for 2-propanoP827 w, = 3798-3826 cnT! and
wexe = 85 cnm! for 2-butanol® andwe = 3814 cnt! andweye

= 86 cn1! for tert-butyl alcohol?® which are nearly identical
with the values of isobutyl alcohol listed in Table 1. Therefore,
we may conclude that the-€H vibration in alcohols fits into
the local mode in general. However, it is noticed that the band
profiles of the overtones of this molecule are different than those
of other alcohols such as 1-propafiéf;2” 2-butanof> and
n-butanol® where the main two bands in the overtones were
observed. The band profiles of the overtones are directly relevant
to their O—H oscillator in the different geometric environment
due to the conformations of isobutyl alcoHdl.

To assign accurately to the overtones of isobutyl alcohol, we
calculated the different conformations of the molecule by DFT
using the GAUSSIAN 98 progrant8.Indeed, the molecule
exhibits different conformations because the hydroxyl functional
group staggers between two-€l bonds and-HMe, groups
rotate around €C single bond. The conformations of isobutyl
alcohol can be named according to different dihedral angles of
Hs01C,C3 and QC,CsHg, where trans (t) is near 180gauche
(9) is near 60, and gauchgg’) is near—60°, respectively. As
shown in Figure 2, all the possible conformations are the Form(e), Gg' (G's)
following: form a Tt; form b, Tg (T9); form c), Gg (Gg'); Figure 2. Stable conformations of isobutyl alcohol.
form d, Gt (Gt); and form e, Gg(G'g). They are optimized by
the accurate B3LYP methods using larger 6+&l(d,p) and conformations in general. Meanwhile, in the—-8® gauche
6-31H-G(d,p) basis sef®¥;3°and their corresponding frequencies conformations, the ©H stretching harmonic frequencies of
are also calculated at the same levels. It is confirmed that theform ¢ and form d, whose hydroxyl axes parallel the methyl
conformations are all stable, where Tg, Gg, Gt, and Gg axis, are closed to each other and larger by 10%than that
conformers are mirror images of TgG'g', G't, and Gg of form e, whose hydroxyl axis parallels the carbonyl axis. The
conformers, respectively. The distributions of these mirror difference of 10 cm! for fundamental frequencies can be
images (named conformational enantiomers) and, hence, ofresolved in the high vibrational overtones because it is amplified
exactly equal stability are, of course, equal. Therefore, there n times in thev = n overtone. In general, the conformations
are five different stable conformations for isobutyl alcohol, are classified as three kinds of the-@ trans forms, the ©H
compared with those of other alcohols such as the two different gauche forms whose hydroxyl axis parallels the methyl axis
stable conformations for ethafidland 2-propanot? the five and the G-H gauche forms whose hydroxyl axes parallels the
different stable conformations for 1-propadbthe nine different carbonyl axis, which correspond to the experimental three bands
stable conformations for 2-butan®i?! and the 14 different of the overtones. Therefore, band A is assigned to théHO
stable conformations for 1-butan®l.The calculated total stretching overtone absorption of form a and form b, band B is
energies, relative energies;®l bond lengths, ©H stretching assigned to the ©H stretching overtone absorption of form c
harmonic frequencies, and IR intensities for the molecular and form d, and band C is assigned to the KD stretching
conformations are listed in Table 2. As listed in the calculated overtone absorption of form e. In ref 17, the three bands of the
results, the G- H stretching harmonic frequencies of the-8 overtone were also assigned to the- 1@ stretching overtone
trans conformations of form a and form b are closed to each absorption of the five conformations, but the order of their
other and larger by 1825 cnt! than those of the ©H gauche assignments were different from ours due to the lower accuracy
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TABLE 2: Calculated Total Energy, Relative Energy, O—H Bond Length and Stretching Vibrational Frequencies, and the
Percentage of the Conformations of Isobutyl Alcohol

relative energy O—H bond O—H str. harm. freq. O—H str. IR inten.
total energl(Hartree) (kcal moi) length (A) (cal.¥ (cm™) (km mol™) percentagé

conformatios calcd A° calcd B calcdA calcdB calcdA calcdB calcdA calcdB calcdA calcdB calcdA calcdB

form (a) —233.555974 —233.607610 0.61 0.58 0.9647 0.9610 3845.3 3855.2 32.2 35.5 6% 6%
form (b) —233.556949 —233.608535 0.00 0.00 0.9650 0.9613 3840.4 3850.3 29.2 33.3 34% 33%
form (c) —233.556614 —233.608144 0.21 0.25 0.9652 0.9617 3835.3 3841.6 20.7 23.1 22% 22%
form (d) —233.555838 —233.607467 0.70 0.67 0.9654 0.9618 3833.7 3840.1 21.7 23.4 11% 10%
form (e) —233.556806 —233.608340 0.09 0.12 0.9661 0.9625 3822.2 3829.7 21.3 24.3 28% 29%

aSee Figure 2° Total energy including electronic energy and zero-point vibrational enéi@slcd A using the B3LYP at the 6-345(d, p)
level, and calcd B using the B3LYP at the 6-31&(d, p) level.? Percentage of the conformations calculated by Boltzmann formula.

TABLE 3: Calculated O —H Stretching Frequencies of Different Vibrational Levels, Relative Integral AreaA, and Simulated
Half-Width W of Conformations of Isobutyl Alcohol

calcd O-H stretching frequenci@gcm?)

relative A° simulatedw
conformatios von=1 VoH=2 voH=3 von=24 voH=>5 (km~tcm) (cm™)
form a 3685 7199 10 542 13715 16718 (A) 16% 25
formb 3680 7189 10527 13695 16 693 (A) 84% 25
formc 3667 7164 10 490 13645 16 630 (B) 68% 30
formd 3666 7161 10 485 13639 16 623 (B) 32% 30
forme 3655 7138 10 449 13590 16 570 (C) 100% 30

aSee Figure 2 O—H stretching frequencies of forms-e calculated by the average of the harmonic frequencies of calcd A and calcd B and
those of forms a and b calculated by the harmonic frequencies of calcd B combining local mode“tRetaive integral area of each conformation
calculated by the calculated relative band intensities.

of ab initio calculations. The assignments of this molecule are basis sets. As listed in Table 3, the-8 stretching frequencies
in agreement in general with the previous experimental assign-of the conformations at th&v = 1, 2, 3, 4, and 5 vibrations
ments for ethandl® where the high-energy band is assigned to are calculated using the above-mentioned harmonic frequencies.
the conformation with the ©H bond trans to the alkyl group  The calculated frequencies at ther = 5 overtone are larger
and the low-energy band is assigned to the two equivalentby 5-29 cnt?! than the experimental values, and with the
conformations with the ©H group gauche to the alkyl group.  vibrational number decreasing, the difference between the
But the two kinds of gauche conformations for isobutyl alcohol calculated data and experimental ones decrease too.
confirmed by the DFT calculations are not equivalent, and the  According to thermal dynamics, the lower the total energy
two evident bands for the gauche conformations are observedof conformation is, the more stable the conformation becomes.
successfully in theAv = 3, 4, and 5 overtones. The stability order of the five forms should be>be > ¢ > a

In the precious ab initio calculatio$;3” due to the low > d because relative energies of the forms calculated using the
accuracy of calculations and no anharmonicities available, the 6-311+G(d,p) basis sets are 0, 0.12, 0.25, 0.58, and 0.67 kcal
calculated harmonic frequencies have to be scaled by anmol™?, respectively. Generally, the gauche,tr@hde-C—C—0O
experiential factor in order to compare with the experimental forms are 0.33-0.67 kcal mot! more stable than the gauche,-
fundamental frequencies. Furthermore, when different methodsgauche2Me-C—C—0 forms when dihedral angle-€C—0O—H
and different basis sets are used even for different molecules,is fixed. On the other hand, when dihedral angle 2Me&=-O
their scaling factors are different. Fortunately, due to the highly is fixed, the trans €C—0O—H forms are 0.120.25 kcal mot?
accurate B3LYP method and much larger 6+&(d,p), higher than the gauche-€C—0—H forms. When the previous
6-311+G(d,p) basis sets used in this study, the electron ab initio results were compared, the stability order of the five
correlation for the molecule has been calculated accurately, andforms calculated by the HF/6-31G** levels was ¢ (Gg defined
the calculated harmonic frequencies only without anharmonici- in ref 17) > b (Ga)> a (Aa) > e (Gd) > d (Ag).}” Furthermore,
ties of the conformations are comparable with the experimental the energy of form a was 0.16 kcal mélhigher than that of
mechanical frequencies, where the calculated results at theform d calculated using the MP2/6-31G(d) method in ref 18
6-314+G(d,p) basis sets are smaller by-#0 cnt! than the and 0.21 kcal mol' higher than that of form ¢ calculated using
experimental values and the calculated results at the 6-G11 the MP2/6-3%G(d) method in ref 19, which are slightly larger
(d,p) basis sets are larger by-38 cn! than the experimental  than our results. The stability order of the five forms for isobutyl
values. We first obtain calculated fundamental frequencies from alcohol are also different from those of similar five forms of
the calculated harmonic frequencies by detracting duple ex- 1-propanol calculated by the B3LYP/6-BG* method?’ In
perimental anharmonicities without experiential scaling factor, addition, the relative percentage of the abundance of the
and the difference between the calculations and experimentsmolecular conformations follows the Boltzmann formula
are the same as those of the above-mentioned harmonic
frequencies. By using eq 3, we can also calculate theHO ﬁ_ exp(— (E — Ei)) (4)
stretching overtone frequencies of the conformations. For the N, kT
experimental spectra to be fit well by the theoretical simulate
spectra (discussed in next step), the calculated harmonicwhereNi/N; is the ratio of the two conformationk; andE; are
frequencies of forms a and b should be from the results at thethe total energies of the two conformations, respectively,Tand
6-311+G(d,p) basis sets, and the calculated harmonic frequen-is the room temperature of 293 K. From the calculated results,
cies of forms e-e should be from the average data of the results the percentage for form a (Tt), form b (sum of Tg and)Tg
at the 6-31%#G(d,p) basis sets and those at the 6-&I(d,p) form ¢ (sum of Gg and @'), form d (sum of Gt and @), and
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form e (sum of Ggand Gg) is 6%, 33%, 22%, 9%, and 27%,
respectively. The relative vibrational abundances of the con-

formations are relevant to both their relative energy abundances

and relative vibrational transition strengths. In Table 2, the
calculated IR intensities of the conformations are-38 km
mol~1, where the IR intensities of the-eH trans conformations
are larger by about 10 km mdithan those of the ©H gauche

forms. The calculated percentage of the vibrational abundancesg 5

for forms a—e should be their relative energy abundances
amplified by relative vibrational transition strengths, which is
8%, 40%, 20%, 8%, and 24%, respectively. The relative
vibrational abundances (transition intensities) were also esti-
mated from the Boltzman populations for the conformations in
ref 17, but the data were not exact due to the lack of
consideration of the conformational enantiomers, the difference
of relative IR intensities of the ©H stretching bonds for the
different conformations, and the calculated energies at the lower
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Figure 3. O—H stretching fundamental FT-IR spectrum of isobutyl
alcohol. The dashed line is the smoothed spectrum, the solid line is
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accuracy_ In the Spectra, the Vibrational abundances Of transiti0n§he calculated SpeCtrUm, and the dotted curves are the calculated three
correspond to the experimental band intensities. The percentagdands simulated by the sum function of Lorentziggaussian.

of the band intensities for the band A is-429%, corresponding
to the sum of the calculated percentage of the vibrational

abundances of form a and form b, 48%. The relative percentage

of the band intensities for band B is 231%, corresponding
to the sum of the calculated percentage of form ¢ and form d
28%. The percentage of the band intensities for band C+s 20
26%, corresponding to the calculated percentage of form e, 24%
Therefore, the calculated percentage of the vibrational abun-
dances for the conformations is in agreement with the experi-
mental values of the corresponding bands, and difference
between the calculated data and experimental ones is less tha
the experimental error fot-3%.

An isolated G-H stretching vibrational absorption band is
of Lorentzian form imposing a Gaussian perturbaffoBecause
the O—H stretching frequencies of the conformations are closed
to each other, the broad vibrational absorption in room tem-
perature makes the overtones of the conformations overlap. Th
vibrational populations for each conformation in overtone
absorptions have produced spectral band shape of each ban
The sum of Gaussian and Lorentzian function can be used for
fitting band shapé>38which is as follows:

A
F —_—
) 2WW /2

whereA is the integral area of the band in kincm™1, Wis the
half-width of the band in cmt, v, is the band origin in cm,
andy is the frequency in cmt. For the parameters of band
shape functior-(y) of each conformation ithv = 1, 3, 4, and

5 vibrations listed in Table 3yo is from the calculated ©H
stretching frequencies in the vibrations, the relative percentage
of absorption integral area of each conformation is calculated
by eq 4, and the integral area of bands @ are obtained by
experimental band intensities. The band shape funchat;)

for band A is sum of4(y) for form a, Fy(y)for form b; Fg(y)

for band B is sum of(y) for form c, andF4(y) for form d;
Fc(y) for band C is equal&¢(y) for form e. The whole band
shape functiori-(y) is the sum ofFa(y), Fe(y), andFc(y). As
shown in Figure 1, the smoothed curves of the original spectra
are fitted by band shape function, where the simulated half-
width W of O—H trans conformations is 25 crf those of G-H
gauche conformations are 30 chnand the data are the same
in different levels. The simulated calculated spectrAin= 3,

4, and 5 vibrations are similar to the experimental spectra, where
the frequency difference between the simulated bands and
experimental bands in the overtones is less than 5lcihis

e—z(V—Vo)ZW + 2_A W

T Ay =yt + W ©

n

e

also noticed that the parameters for the frequencies, relative
population, and integral area of the bands in the simulated
spectra are all from the calculated or experimental values; only
simulated half-widths are variable parameters, and these simu-
lated half-widths of 25-30 cnT! are closed to the experimental
half-widths of 36-35 cn1? of tert-butyl alcohol at theAv = 3,

4, and 5 vibrationg® Therefore, the simulated band shapes of
the calculated spectra can reproduce reasonably the band shapes
of the experimental spectra as a whole, a slight difference
between the simulated spectra and experimental spectra is caused
by the small difference between the calculated values and
experimental ones. In ref 17, the predicted spectrum using the
ab initio bond length-overtone transition wavenumber correlation
for the O—H oscillator could not reproduce the experimental
data; only tentative assignments could be suggested. In our work,
the calculated spectrum in they = 1 vibration can be also
simulated by the band shape functiby), where half-width

oW for each conformation is the same as that in the upper

vibrational levels, and the ©H stretching frequencies and
relative percentage of vibrational abundance of the five con-
formations are from the above-mentioned calculations. As shown
in Figure 3, the three bands simulated by the five conformations
have overlapped so heavily that they have merged into one peak,
whose center frequency is 3677 tinAccordingly, the center
frequency of the experimental fundamental spectrum is 3674
cm™L Itis found that their band shapes are very similar, which
show that the used band shape function of the Lorentzian
Gaussian sum function for spectra of simulation is reasonable.

IV. Conclusion

The O-H stretchingAv = 3, 4, and 5 overtone spectra of
isobutyl alcohol are studied by taking advantage of the CRDS
technique. The resolved three bands in the overtones are
assigned as the €H stretching absorption of the three kinds
of conformations of the hydroxyl group; the two bands in the
low-energy region in particular are caused by the two kinds of
nonequivalent gauche conformations confirmed by DFT calcula-
tions. The absolute band intensities of the bands in the overtones
are obtained using the given band intensity formula for CRDS.
The spectral parameters of the-8 oscillators are evaluated
by local mode theory, which bridges the gap between experiment
and theory. The present quantum chemistry DFT at highly accu-
rate B3LYP/6-31%+G(d,p) and 6-311+G(d,p) levels has been
used to calculate all the stable conformations of the molecule
and their O-H stretching frequencies. It is found that the
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calculated harmonic frequencies of the conformations can be

J. Phys. Chem. A, Vol. 105, No. 25, 200053

(15) Xu, S. C.; Liuy, Y.; Sha, G.; Zhang, C.; Xie, J. Phys. Chem. A

compared directly to the experimental mechanical frequencies. 2003 104 8071.

It is the first time for us to obtain calculated fundamental

frequencies by the calculated harmonic frequencies detracting

duple experimental anharmonicities without experiential scaling

factor. The calculated vibrational abundance, fundamental

(16) Xu, S. C,; Dai, D.; Xie, J.; Sha, G.; Zhang, Chem. Phys. Lett.
1999 303 171.

(17) Fedorov, A. V.; Snavely, D. LChem. Phys200Q 254, 169.

(18) Gabitz, G. H.J. Mol. Struct. (THEOCHEM992 262, 209—

(19) Houk, K. N.; Eksterowicz, J. E.; Wu, Y. D.; Fuglesang, C. D.;

frequencies, and overtone frequencies are in agreement with thevitchell, D. B. J. Am. Chem. Sod.993 115, 4170.

experimental values. The calculated spectra in the fundamental

and overtones are simulated by the Lorentzi@aussian sum
function, which are similar as the experimental spectra. In

(20) The software of Hitran 1996 was developed under Contract F19628-
91-C-0132 for Phillips Laboratory Geophysics Directorate under the
direction of Dr. Laurence Rothman, ONTAR Corporation.

(21) Reddy, K. V.; Heller, D. F.; Berry, M. J. Chem. Physl982 76,

conclusion, the properties of the molecular conformations can 2814.

be shown clearly by means of the experimental CRD overtone
spectroscopy and theoretical DFT calculations, which is also a
perfect example to show that the molecular vibrational spec-
troscopy and ab initio calculations have merged together without

other experiential factor.
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