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ABSTRACT

Low resolution PMR investigations were carried out on solid vanillin at 7.6 MHz in the
temperature range 77°~355°K. The lattice was non-rotating and effectively rigid at 77°K. The sudden
drop in the second moment from the rigid lattice value (15.27 G?), obtained by assumed molecular
model, in the range 280°~-310°K, has been attributed to the hindered reorientation of ~OH and
-OCH; groups. The activation energy for the motion is about 2.03 k. cal/mole.

INTRODUCTION

HE PMR experiments were carried on vanillin (3-

hydroxy, 4-methoxy benzaldehyde), a compound
of high-medicinal and industrial importance!, with a
view to studying the crystalline lattice and molecular
motions present in the solid phase. The study affords a
check of the proposed molecular structure. The input
ol appropriate thermal energy (described-—later) pro-
vides for group reorientation which 1s, of course,
hindered in nature and fashion instead of free ard
simultaneous.

HYDROGEN BONDING AND MOLECULAR
STRUCTURE

Calvert and Praybylska®? and Walker? have given
the preliminary x-ray data of vanillin. The crystal
system is orthorhombic and unit cell parameters are;
a="788b=1404andc = 13.52 A. In the absence of
precise data regarding the molecular and crystal
structure of the title compound, the molecular model
(hgure 1) was constructed assuming a reasonabie simi-
larity of bond angles and bond distances with those
having nearly same composition in character and
identical stero-chemical environment and whose de-
tailed crystallographic and stero~chemical reportings
are available. C-H length has been taken to be uniform
with a value 1.08 A. The analysis of the model was
made with the assumptions (a) the OH group is in the
plane of the ring, (b) the benzene ring is uwnsym-
metrical and (¢) the OCHj, group had sufficient planar
rigidity at room temperature. The space co-ordinates
of the constituent protons are given in table 1. LR,
studies®=> have suggested strong H-bond formation in
—OH and —OCH, lying at adjacent sites, Lindberg® has
observed chelate ring formation in the title compound.

EXPERIMENTAL

The low resolution experiments were performed at
T.L.F.R. (Bombay). The experimental second moments
were obtained from the derivative recordings using
trapezium rule expression, § = Zh>f (h)/3Xhf (h). High
purity sample was obtained by the courtesy of Prof. D.
N. Dhar, IIT Kanpur. The variation of second moment
and linewidth with temperature are shown in figures 3
and 4. The accuracy in the measurements was about
+1 G? as measured from standard results.

CALCULATIONS

Rigid Latitice Second Moment: There exist intra and
inter molecular contributions; the S, and S,, former

Figure 1. Molecular model of vanillin
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Table 1 Position co-ordinates of constituent protons in

vanillin

Protons X Y y4
H, 0.8802 3.5107 0
H, 2.1209 1.2611 0
H, 3.4711 —2.9708 0.9479
H, 1.8607 —-3.7111 0
H, 1.6911 —1.9712 —{0.9479
H —{0.8907 — 2.9907 0
H; —2.2106 -1.2212 0
Hg —2.1912 —1.2502 0
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Figure 2. Log v, versus 1/T curve

arising due to protonic interactions within the same
molecule and later due 10 protonic interactions with
the neighbouring molecules. The §; was evaluated
using van Vleck’s formula’, ‘

715.9 _
S, = N Y ri® G?
J>k

The term 3, ; r:® in the formula was obtained with
the help of the model and the proton position co-
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Figure 3. Variation of second moment with tem-
perature

ordinates and comes out to be 0.117 G, The inter part
S, was found to be 4.4 G* approximately employing
Andrew and Eades® method whereas Smith’s theory®
yielded a value 5.08 G* and in the present discussion
the mean 4.74 G? is used.

The total rigid lattice second moment is, thus,
S=8§,+85,=1053+4.74 = 1527 G*.

Reorientational computations for OH and OCH,
groups. The group rotation brings about a reduction
in the second moment through a modification in the
time varying field of the resonance spectrum. The
reduction in §; caused by group rotation can be
calculated from the theory of Gutowsky and Pake?®,
Reduction in S;o0n account of reorientation of OH
group about C-O bond was obtained to be 2.86 G?*
and that due to reortentation of OCH; group, the
reduction was 6.41 G2 The reductions for various
possibilities were individually obtained and are con-
tained 1n table 2.
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Figure 4. Change of line width temperature
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Table 2 Comparison of theoretical reorientational and observed second moment,

e— - A il =il

Intra Inter
Case part part Range Observed
1. OH and OCH, rotating frecly and
simultaneously 2.89 G2 (1.99 to 1.18)G? {4 88 1o 4.04)G? 8.12G?
2. OH stationary and OCH, rotating 641 G* (3.08 to 2.37)}G? (949 to 8.78)G? 812G
3. OH rotating and OCHj, stationary 6 98 G? (3.08 to 2.37)G?*  (10.06 to 9.35)G? 8.12 G*

.
e —— A S el

Reduced second moment when molecule as a whole
reorients: Gutowsky and Pake'® method was em-
ployed for the reduction of intra contribution, Andrew
and Fades® have shown that when molecule as a whole
reorients, it reduces the inter contribution by a factor
of 0.24. The reduced intra and inter contributions are
found 10 be 2.13 and 1.14 G* respectively and the

theoretical reduced second moment for such a case is
3127 Gzi

DISCUSSION

Within the imits of experimental error, a reasonable
agreement in the theoretical rigid lattice second
moment (15.27 G?) and the experimental second
moment at 77°K (14.36 1 G?) is seen to exist. This
Justiftes our assumed molecular model and shows the
consistency of hydrogen position co-ordinates and
also indicates that all molecular motions are virtually
frozen at 77°K. The second moment is observed to be
practically constant beyond 77° upto 280°K exhibiting
the rigid and non-rotating state of crystal lattice as
contrasted with a similar'! group of compounds!*14,
where torsional protonic oscillations are observed to
exist, before the onset of group or molecular motion.
The behaviour of the title compound appears reason-
able 1n the light of stero-chemical considerations at the
3 and 4 sites of the ning and the extent and strength of
the intermolecular bonding through OH bonds.

Beyond 280°K, an abrupt fall in the second moment
indicates the onset of some kind of intramolecular
motion or group rotation. The fall should not be
atinibuted 10 the molecular reorientation as a whole,
on the considerations of bulk, size, symmetry and
intramolecular linking of the molecule. Again, the
calculations alse do not support this view (theoretical
reduction is 12 G2 while the observed reduction is 6§21
G?). The possibility of CHO group rotation can
similarly be safely ruled out. Considering the free and
simultaneous rotation of the OH and OCH, groups,
the theoretical, reduced second moment should lie in
the range 4.884.04 G?, as stated earlier, which is too

e’

Jow a value, even lower than the mintmum observed
second moment. For the case of OH stationary and
OCH, rotating, the reorientational second moments
lie in the range 9.49 to 8.78 G2 and for the reverse case
{(OCH, stationary and OH rotating), the range is 10.06
to 9.35 GZ. Both these values tally satisfactorily with
the observed second moment. Thus we regard that
both the groups reorient but their rotation is hindered.
Naves ¢t al'® and others* ® have shown that coupling
of OH in different vibration modes exists in the title
compound; and strong intramal H-bonds have also
been observed. Studies of Giuseppi ¢! al' ® and Millero
et al'” have revealed the possibility of chelate ring
formation and the chelate temperature dependent
rotational behaviour may be inferred therefrom.
Lindberg et al'® have pointed out the potential barrier
for the hydroxyl group motion and NMR chemical
shifts!® apd Raman studies?® appear to disregard
molecular rotation as a whole. The thermodynamic
and dielectric studies are also in conformity with the
hindered group reorientation.

The activation energy for the group rotation was
obtained from the expression;

(AHY = 8% + (E)Cz tan"[a?AH_

4 2rv,

where the symbols have their usual meaning?! %2, The
Arrhenius equation of the form v _= vy exp
(— ERr/RT) was used and a value 2.03 k. cal/mole was
obtained for the activation energy employing the
variations, as shown in figure 2. This value should be
approximate due to comparatively small number of
observations in the transition region. The second
moment 1s practically constant in the region
310°-355°K, suggesting non-transitory state which
otherwise could have suggested some motion or
change in the crystalline structure.
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