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This is the third part of a series on the thermodynamic properties of oxygen
compounds®-2. Ideal gas thermodynamic properties for benzaldehyde and furfural
have not been reported in the literature so far.

MOLECULAR STRUCTURE AND VIBRATIONAL FREQUENCIES FOR BENZALDEHYDE

No molecular paraimeters are available in the literature for benzaldehyde.
Zwarich et al.® have estimated them from similar molecules and we have adopted
these data in this work for calculating the moments of inertia which are reported in
Table 1.

TABLE 1
MOLECULAR PARAMETERS FOR BENZALDEHYDE AND FURFURAL

Benzaldehyde Furfurai

Z, (amu A 96.380 61.7067
I, (amu A3?) 325983 247.0919
I. (amu A?) 422363 308.7810
I, (amu A2) 8913 8.498
Vioes (cMm— 1) 111.0 1450

V; (kcal mol— %) — 203
V- (kcal mol— 1) 4.66 7.07

Zwarich et al.> have reported complete assignments for benzaldehyde from
their infrared and Raman spectral measurements in the liquid state and from the
normal coordinate analysis. We have adopted the same except for the torsional
frequency. Miller et al.* have reported torsional frequency from the measurcments in
the far infrared region for the gaseous state which is adcpted here. The adopted
vibrational frequencies are given in Table 2.
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TABLE 2

ADOPTED VIBRATIONAL FREQUENCIES (cm~7)
FOR BENZALDEHYDE AND FURFURAL

Benzaldehyde Furfural
In-plane (A°) In-plane (A")
3088 1298 3164 1008
3065 1206 3145 946
3052 1170 3141 888
3045 1164 2801 746
3035 1074 1718 501
2820 1025 1577 214*
1707 1003 1472
1600 834 1395
1588 650 1364
1496 616 1275
1458 442 1240
1394 221 1162
1314 1084
Qut-of-plane (A"™) Qut-of-plane (A™)
1010 688 882 250%
992 449 829 145°
960 410 799
925 245 756.5
814 111° 630
746 594

*Ref. 4. Ref. 7.

MOLECULAR STRUCTURE AND VIBRATIONAL FREQUENCIES FOR FURFURAL

Furfural exists as two isomers, O—O-trans and O-O-cis. Monnig et al.® have
unequivocally determined from their microwave measurements that the most
abundant isomer in the gas phase is the O-O-frans isomer. Miller et al.* have reported
that the trans isomer is more stable by 2 kcal mol™? than the cis isomer. As reliable
vibrational data are available only for the rrans isomer we have here dealt with the
trans isomer only.

Monnig et al.® have reported the molecular structure and moments of inertia
for the frans and the cis isomers. The same are adopted here and are given in Table 1.

Recently Adamek et ai.® studied the infrared spectra in the gaseous, liquid and
solution states and Raman spectra in the liquid state. They have calculated in-plane
and out-of-plane frequencies from normal coordinate analysis but have assigned
only in-plane frequencies of the frans form. From eight out-of-plane frequencies six
were adopted by us from Adamek et al.’s work comparing their observed and
calculated frequencies. The torsional frequency was adopted from Miller et al.’s far
infrared measurements and the eighth frequency was taken from Monnig et al.’s
measurements’ of rotational spectra. Complete vibrational frequencies for the
O-O-trans isomer are given in Table 2.
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THERMODYNAMIC PROPERTIES

Benzaldehyde and furfural are planar molecules®-® with the overall symmetry
number one. The translational, rotational and vibrational contributions to the ideal
gas thermodynamic properties (C, (H°— Hy), S° and —(G°— H()/T) were calculated
by the usual statistical formulas using the moments of inretia and the vibrational
frequencies as given in Table I and 2, respectively.

The internal rotational contributions to the thermodynamic properties due to
the presence of an OH asymmetric rotating top in these molecules were derived by the
use of the internal rotational partition function given below:

9 . TyE (2%
0= [(—"_tlrrdl"n ‘. e-V[Zdeé] hcv(ors . 1 (I)

- nh o KT (1 —e *CrenitT)

v

where all the symbols have usual meaning.

The following potential energy functions reported by Miller et al.* for internal
rotation were used: Benzaldehyde: ¥V (x)(kcal mol™ ') =4.66(1 —cos 2x)/2; furfural:
V(x)(kcal mol~ ') = 2.03(1 —cos x)/2+7.07(1 —cos 22)/2. To be consistent the
reduced moments of inertia required in the calculations were obtained from the F
values of Miller et al. and are given in Table 1.

In the case of furfural as mentioned earlier two rotational isomers are present.
The term R In 2 was added to entropy, and Gibbs energy function (G°—H3/T) to
make corrections for the presence of two isomers. Heat capacity and enthalpy are not
affected.

The enthalpy of formation, Gibbs energy of formation and logarithm of
equilibrium constant of formation as a function of temperature were calculated by
the usual procedure. The adopted enthalpies of formation®® at 298.15K for the
gaseous states for the two molecules are: benzaldehyde: AH[ (g) = —7.9510.4 kcal
mol ™~ *; furfural: AH7(g) = —36.1 +1.2 kcal mol™*. The values of the enthalpy and
Gibbs energy functions for the elements in their reference states were used’. The
calculated thermodyramic properties are given in Tables 3 and 4.
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