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The microwave spectrum of (E)-benzaldehyde oxime, C6H5—CH|NOH and C6H5—CH|NOD, has been ob-
served in the frequency range from 26.5 to 40.0 GHz. The spectrum of the ground vibrational state was assigne
and fitted to the Watson’sA-reduced Hamiltonian to obtain these rotational and centrifugal distortion constants:
A 5 5183.13(29)MHz, B 5 895.367(3)MHz, C 5 763.819(3)MHz, D J 5 0.019(3) kHz, andD JK 5 0.204(7)
kHz for the normal species, andA 5 5158.4(23)MHz, B 5 869.44(2)MHz, C 5 744.34(2)MHz, D J 5 0.023(2)
kHz, andD JK 5 0.193(7) kHz for thedeuterated species. The values of theDI (5I c 2 I a 2 I b) obtained for the normal
and deuterated species were20.295(6) and20.28(5) a.m.u. Å2, respectively. The molecular conformation of this
molecule was a planar one in which the values of the dihedral angles, CCNO and CNOH, were almost 180° and 180
respectively. © 1999 Academic Press

1. INTRODUCTION vacuum distillation. The deuterated species (C6H5—
iso
s

re.
lu-
r

a

up
Sa
ald
so
co
r i
re

is
m
i-

.

om
by

C of
C s
i ter-
a was
o with

g of
(
d

Benzaldehyde oxime (C6H5—CH|NOH), which is the
rototype of the aromatic oximes, has two geometrical
ers,syn form in which the C(|N)—H and N—O bond
re in the eclipsed position ((E)-isomer) andanti form in
hich the C(|N)—H and N—O bonds are inanti orienta-

ion ((Z)-isomer), as shown in Fig. 1. The (Z)-isomer
radually inverts into (E)-isomer at ambient temperatu
he (E)- and (Z)-isomers of benzaldehyde oxime in so

ion were identified by NMR study (1). The molecula
tructure of (E)-benzaldehyde oxime in the solid phase w
etermined at 100 K by X-ray diffraction (2). The CCCN
ihedral angle,f, between the planes of the phenyl gro
nd the oxime moiety was reported to be about 20°.
aitre has recorded the IR and Raman spectra of benz
yde oxime in the gas phase as well as in solution and
3) and assigned the observed spectra by the normal
inate analysis, assuming the planar conformation. Ou

erest was in the conformation of benzaldehyde oxime
ated to the dihedral angle,f, in the vapor phase. In th
ork, we determined the molecular constants and the

ecular conformation of (E)-benzaldehyde oxime in the v
rational ground state by the microwave spectroscopy

2. EXPERIMENTAL SECTION

(E)-Benzaldehyde oxime with 98% purity obtained fr
ldrich Chemical Company, Inc. was further purified
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H|NOD) was synthesized by refluxing a mixture
6H5—CH|NOH and D2O for 24 h. The product wa

dentified by its mass spectrum and the yield of the deu
ted species was ca. 50%. The microwave spectrum
bserved in the frequency range from 26.5 to 40.0 GHz

FIG. 1. Four possible molecular conformations with atom numberin
E)- and (Z)-isomers of benzaldehyde oxime. The CCCN dihedral anglef is
efined to be zero when the molecular conformation is planar.
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TABLE 1
Principal Geometric Parameters and Relative Energies for Benzaldehyde Oxime Calculated
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00 kHz square-wave Stark-modulated spectromete
oom temperature. The sample was flowed in the waveg
t the pressure of ca. 0.01 Torr. The microwave so
mployed was a phase-locked YIG-tuned GaAs oscil
WJ 5610-302FD), using a signal generator (HP 8672A

standard frequency oscillator.

3. AB INITIO CALCULATIONS

The ab initio molecular orbital calculations have be
erformed at the MP2/6-31G(d, p) level of theory (4, 5)
sing the Gaussian 94 program package (6). The structura
ptimizations of the (E)- and (Z)-isomers of benzaldehyd
xime were carried out by varying the dihedral anglef,
hich was the torsional angle of the phenyl group, in s
f 30° betweenf 5 0° and 90°. The most stable conform

at MP2/6-31G(d,
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ion of each isomer in this molecule was the planar on
hich the dihedral angle CNOH was nearly 180° (see (E)-1
nd (Z)-1 in Fig. 1) and the energy differences between
lanar conformer and the one withf 5 90° were 4.6 and 3.
cal mol21 for the (E)- and (Z)-isomers, respectively (s
ig. 2). Then the full optimizations were performed for b

somers; the optimized structures were almost planar.
ound two more stable conformations; one was theE)-
somer in which CNOH5 0° (see (E)-2 in Fig. 1) and the
ther was the (Z)-isomer in whichf 5 50° and CNOH5 9°
see (Z)-2 in Fig. 1). The most stable conformation w
E)-1. The optimized parameters, relative energy diff
nces, rotational constants, and the components of th
ole moment in the principal axis system for four con
ations of benzaldehyde oxime are summarized in Tab

Level of Theorya
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TABLE 2
Observed Transition Frequencies (MHz) of (E)-Benzaldehyde Oxime for the Normal

285MICROWAVE SPECTRUM OF (E)-BENZALDEHYDE OXIME
and Deuterated Species
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TABLE 2—Continued
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TABLE 3
Observed and Calculated Rotational Constants, DI, and Centrifugal Distortion Constants
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4. RESULTS AND DISCUSSION

The microwave spectrum of C6H5—CH|NOH in the
6.5– 40.0 GHz frequency region, observed with the S
eld of 100 Vcm21, revealedK structures ofa-type R
ranch appearing with frequency intervals of 1660 M
he assignment of the spectral lines ascribed toK 21 5 0, 1,
nd 2 were confirmed by observing their Stark behavior

he shapes of the spectral lines at the Stark fields of 1
000, and 2200 Vcm21, respectively. The intensities of the

ines were all weak. The spectral bunches for the deute
pecies were observed with intervals of 1620 MHz and w
ot overlapped with the spectrum of normal species.

ntensities of the absorption lines for the deuterated sp
ere weak since the sample was a mixture of normal
euterated molecules. Therefore, the assignment o
pectral lines for the deuterated species was limited to
lines. The total number of the spectral lines observed

ssigned toa-typeR-branch transitions in the ground vibr
ional states were 117 for normal and 103 for deuter
pecies (see Table 2).
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In the spectral bunches for normal and deuterated sp
any absorption lines attributed to the vibrational satel
ere observed. In this study, however, the analysis of

de Oxime

FIG. 2. The torsional potential curve of (E)- and (Z)-benzaldehyde oxim
s a function of the dihedral anglef calculated from the MP2/6-31G(d, p) ab

nitio MO calculations.
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TABLE 4
Structural Parameters of (E)-Benzaldehyde Oxime Derived by the Scaling of the
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ibrational satellites could not be performed since the abs
ion lines for lowK transitions in the excited vibrational sta
ere too weak to be measured and assigned.
The observed frequencies of the absorption line were

o obtain the rotational and centrifugal distortion consta
sing Watson’sA-reduced Hamiltonian (7). Table 3 shows th
olecular constants in the ground vibrational state obta
long with those calculated byab initio MO method.
The values of theDI (5I c 2 I a 2 I b) obtained experimen

ally were20.295(6) and20.278(2) u Å2 for the normal an
euterated species, respectively. These two values mea

he molecular conformation of this molecule was plana
lmost planar. The result of theab initio calculation of C6H5—
H|NOH was consistent with this experimental result
able 3, the rotational constants for deuterated species
ated by assuming the planar conformation of C6H5—
H|NOH optimized at the MP2/6-31G(d, p) level of theory
lso agreed with the experimental ones. Although it was
luded that (E)-benzaldehyde oxime had the planar struct
wo rotational isomerisms of this molecule might be possib
espect to the rotation around the N–O bond, i.e., (E)-1 and
E)-2 as shown in Fig. 1. To elucidate the orientation of
ydroxyl group, ther s coordinates of the hydrogen ato
onded to the oxygen atom were calculated from the mom
f inertia, I b and I c, of normal and deuterated species by
raitchman’s equations (8) on the condition of the plan
olecular conformation (DI 5 0). The values ofa- and

Whole Ab Initio Geometry for the Repr
stantsa
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-coordinate were determined to be 4.105(4) and 0.70(4
espectively (errors in parentheses were 2.5 times the sta
eviation). The calculated coordinates of the hydrogen
ere a 5 4.113 Å for (E)-1 and a 5 3.416 Å for (E)-2
onformers on the basis of theab initio calculation. The forme
alue was consistent with the experimental one. Therefore
bserved molecular conformation was concluded to be (E)-1
s shown in Fig. 1.
In this study the observed absorption lines were only

igned to thea-type transitions. The calculated dipole mom
omponent (see Table 1) shows that the (E)-1 conformer ha
nly m a component and so theb-type lines of this conforme
ay not be expected to be observed.
The absolute value ofDI of (E)-benzaldehyde oxim

20.295(6) u Å2) was slightly larger than that of the relat
ompound, benzaldehyde (20.1199 u Å2) (9). This suggest
hat there may be some large-amplitude motion around
–C single bond, which is supported by the calculated v

ional frequency of the torsional motion around the C–C si
ond, 78 cm21 (HF/6-31G(d, p), no scaling).
The molecular conformation of this compound in the s

tate is tetramer (2). Each molecule is slightly distorted wi
he dihedral angle,f, of ca. 20°. This conformation may be d
o an intermolecular hydrogen bond between the nitrogen
he hydrogen atom of the hydroxyl group. However, in the
hase, the molecular structure might become planar beca
o intermolecular interaction. This molecule may have

ction of the Observed Rotational Con-
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TABLE 5
Comparison of r(C—C), r(C|N), and /CCN of (E)-Benzaldehyde Oxime
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onjugation interaction between the phenyl ring and the o
oiety. The planar conformation of (E)-benzaldehyde oxim

n the gas phase is consistent with that ofN-benzylidenemeth
lamine (C6H5—CH|NCH3) determined by gas-phase el
ron diffraction (10).

Table 4 shows the structural parameters of (E)-benzalde
yde oxime derived by the scaling of the wholeab initio
eometry (Cartesian coordinates in the principal axis sys
f (E)-1 conformer for best reproduction of the obser
otational constants of the normal species. Since the valu
he theoretical rotational constants were in good agree
ith the observed ones, the values of the derived struc
arameters were almost equal to the theoretical values. Ta

ists the structural parameters,r (C—C), r (C|N), and/CCN,
f (E)-benzaldehyde oxime and related compounds, (E)-acet-
ldehyde oxime (CH3—CH|NOH) (11), N-benzylidenemeth
lamine (10), andN-methylethylideneimine (CH3—CH|NCH3)
12). The r (C—C) andr (C|N) of (E)-benzaldehyde oxim
nd N-benzylidenemethylamine were shorter and longer

hose of (E)-acetaldehyde oxime andN-methylethylidenei
ine, respectively. These might be due to the conjuga

nteraction between the phenyl group and the substituent
CN angles in the aromatic compounds were larger than

n (E)-acetaldehyde oxime andN-methylethylideneimine. Th
ay be ascribed to the effects of steric repulsion betwee

one pair electrons on the nitrogen atoms and the ph
roups.

and Related
Copyright © 1999 by
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