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Combining ab initio and statistical mechanics calculations we have determined the conformational distribution
of gas-phase glycerol at different temperatures. The obtained results are consistent with infrared spectroscopy
and electron diffraction measurements and are in excellent agreement with previous molecular dynamics
simulation data.

In a recent papéme have calculated the infrared absorption ers, namely to the number of different conformational enanti-
of various conformers of glycerol using density functional omers. For all of the considered conformers (see Figure=)
theory. These conformers are shown in Figure 1. The ab initio 2, except forma3 (d = 1) because of the presence of a symmetry
data were used in a fitting procedure of the experimental infrared plane. In the Bora-Oppenheimer approximation and neglecting
spectrum of gas-phase glycefolhe results indicated that, at  vibro-rotational coupling, the molecular partition function can
498 K, glycerol is present as a mixture of two conformers, be factorized into its translational, rotational, vibrational,
namelyao anday. Unfortunately the fit was not able to give  electronic, and nuclear parts, i.6.= Gtrans Grot Qvib Gelec Gnuck
guantitative results because of the large computational error (seeThe translational and nuclear partition functions are identical
discussion in ref 1). However, our conclusions were qualitatively for all of the species and therefore they are irrelevant for the
similar to those obtained with electron diffraction measurerdents equilibrium constant of eq 2. The rotational partition function

and with molecular dynamics simulatidnsising empirical for an asymmetric top such as any glycerol conforivisrgiven
potential models. by®
At variance with these conclusions, the best fit to the
supersonic jet rotational spectrum of a gas sample at 423 K M _ 1 8r\%? ) /() 1 (IN1/2
was obtained assuming a distributionygfandoy conformers Crot = 7 ? (1A' 1g'1¢) )

Although the independent experimental measurements of the
vibrational infrared and ro.tatlonall microwave .spectra ref.er to wherelﬂ), |(B|), andl(c') are the principal moments of inertiajs
comparable thermodynamic conditions, they give contradictory e pjanck constant antl= 1/(ksT). The vibrational partition
indications on the conformational distribution that cannot be ¢ - tion is given by
explained on the basis of the temperature difference. In view
of this discrepancy, we thought it useful to search for an exp( ﬁhv(')IZ)
additional independent evidence for the conformational com- n _ ! (4)
position of gas-phase glycerol. i a0

In this paper we report on a quantitatively reliable estimate : expC-phw7)
of the conformational distribution of glycerol in gas phase, by ) ) ) . .
computing the molecular partition function and the equilibrium Wherej goes over the 36 vibrational frequenciel. Finally

constants using the results of accurate ab initio data. the electronic partition function is given by
In gas-phase glycerol, for any pair of conformational species n 0
| andJ, the following conformational equilibrium holds Oeiec = EXPCPE’) (5)
I ==J 1) where E{) is the (non degenerate) ground-state electronic

energy of thelth conformer. Using the factorization property
In the hypothesis of an ideal mixture, the equilibrium constant of the molecular partition function, the equilibrium constit
Ki; can be determined from the knowledge of the molecular (eq 2) can be written as
partition function§
) D) O

_ Grot Qib Yelec

N‘] qu-] — KIJ = KrotKvibKeleC_ W W T (6)

WI = m = KIJ (2) Grot Hvib Yeiec

Using the ab initio data relative to the various conformers
(all the ab initio data were obtained by the Gaussian98
packagé), i.e., inertia moments, vibrational frequencies, and

* To whom correspondence should be addressed. E-mail: procacci@ 9round-state electronic energies, the gas-phase partition func-
chim.unifi.it tions (egs 3-5) can be calculated. From these, via eq 6, the
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whereN; and N, are the molar concentrations. Theand d;
factors correspond to the structural degeneracy of the conform-
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Figure 1. Structures of the glycerol conformers.

. . o .

chemical equilibrium constants between the various species, an T'g?f'a'fmlérf?g}éﬂ?a'lfegna‘::‘[rtgr']gségll_k\‘gp%cfg123%;';?“16cherOI
hence the conformational distribution, are determined. B3-LYP/6-311+G(3df,2p) Level of Theory?

At the B3-LYP/6-31G(d) level of theor§; 1% inertia moments

and vibrational frequencies within few percent from the 6-311G(3df,2p) 6-31G(d)
experimental counterparts are generally obtatietf The size aol 3.13 13.59
of the basis set, however, is not sufficient to obtain reliable ggg g'ég i;‘ﬁ
ground stateelative electronic energieS. To minimize the error ayl 187 8.30
on the ab initio energies, it has been suggéstaml optimize ay2 0.46 9.32
the structure at the B3-LYP/6-31G(d) level and then to compute oy3 5.67 12.85
the ground-state electronic energy using a single-point calcula- ay4 4.10 13.65
tion with a much larger basis set, such as 6-BG{3df,2p). ayg ggg 13'8%
Using this procedure, the average errors on molecular properties, % 13.22 26.30
such as atomization energies or first ionization potentials, were BB 11.74 23.03
found to bé” comparable to or even smaller than those obtained By 11.19 20.40
with very expensive correlated methods such as ¥Mi&h a ayyl conformer is taken as reference for the energy values of all
large basis set. the other conformers.

The electronic energies of the conformers of Figure 1
computed with B3-LYP using the small 6-31G(d) and the large yyl-aa2 reduces from 14.7 to 2.1 kJ mélgoing from the
6-311+G(3df,2p) basis sets are reported in Table 1. All 6-31G(d) to the 6-312G(3df,2p) basis set. In Table 2 we report
structures were optimized with the small basis set. As already the ratios at 498 K between the various molecular partition
found in ourd and in other ab initio calculatiori8,yy1 turns functions (vibrational, rotational, and electronic) of the most
out to be the most stable conformer. However, as it can be seenstable yy1 conformer and those corresponding to the other
from the table, the 6-31G(d) basis set gives larger energy gapsconformers (the vibrational and rotational partition functions
between theyyl and other conformers with respect to the have been computed using the data obtained with the small basis
6-311+G(3df,2p) basis set. For instance, the energy difference set; the computed vibrational frequencies have been rescaled
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TABLE 2: Electronic (Keec= a/2/ql)), Vibrational (Kyp = tions from bothyyl and yy2. The af, 5§ and Sy have
Q@ Y1q") and Rotational (Ko = ¢/ Y/q)) Contributions to concentrations of few units of percentage because of their large
the ConstantK;,,1 = KeiedvisKrot of the Conformational electronic energy (see Table 1).
Equilibrium | = py1 at 498 K The present results add further support to the conclusions of
I Keec Kyib Kot Kiyya our previous studies of the infrared spettaad those of the
ool 513 019 0.88 035 electron diffraction experimengslt can also be remarked that
a2 1.66 0.13 0.89 0.19 the overall concentrations, as well as their small temperature
ool 6.18 0.23 0.86 1.22 dependence, are in excellent agreement with those reported in
ayl 1.57 0.38 0.90 0.54 a previous molecular dynamics simulation of the gas-phase
23’% %'3421 8%471 8'38 (1)'% glycerol? The results of the present work are still at variance
054 269 0.22 0.89 0.54 with those of Maccaferri et af.confirming, as suggested in ref
ay5 4.03 0.22 0.88 0.76 1, that the supersonic jet expansion in their experiment did not
yy2 1.87 0.38 0.98 0.69 produce an equilibrium distribution.
of 24.37 0.11 0.80 2.13
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