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SUMMARY

The infrared spectra of complex compounds of uranyl chloride-thiocyanate and -nitrate
with thiazoles and oxazoles are reported. Complexes formed with the nitrate salt appear to have
coordination number seven, while those formed with the chloride and thiocyanate have coordinat-
ion number five.

INTRODUCTION

Thke uranyl cation. UO,2+ is the most common one among the hexa-
valent state of uranium. As regards to its coordination behaviour, it
behaves as a single entity. In coordination compounds having the bipy-
ramidal structure, the linear O0==U=0 bonds o¢ the uranyl group serve
as an axis of symmetry while the other donor atoms form an equatorial
polygon around it.!Other tetra-, penta-and hexa-gonal configurations
are common for the uranium (VI) compounds.2:3 Higher coordination
numbers are also known.t

Coordination number five for uranium (VI), in which the complex
has a trigonal bipyramidal configuration is rather rare.>

This work deals with the preparations and elucidation of the struc-
ture of the complexes formed between uranyl chloride, -thiocyanate
and -nitrate with benzothiazole, 2-methylbenzothiazole, benzoxazole and
2-methylbenzoxazole.

Results And Discussion

The partial infrared spectral features of the complexes_isolated in
the present study are discussed. Tentative assignements of the bands
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are also indicated. Absorption bands in the range 4000-200 cm~'due
to coordinated thiazoles and oxazoles in the uranyl complexes which
occur at almost the same frequencies as in the uncoordinated ligands are
not listed. Contributions due to coordinate ligands were selected by
comparing the ir spectra of uranyl complexes with that of the free
ligands. The residual features in the case of thiocyanate and nitrate
complexes were assigned to these groups and are as given in the text.
Strong bands due to these group features are believed to superimpose
and mask some of the iigand modes. Insolubility of these compounds
precluded molecular weight and conductivity measurements.

The organic ligands nsed during the present work possess two po-
tential sites of donation, nitrogen or oxygen and sulphur in the thi-
azole and oxazole rings, respectively. The complex compounds obtained
were of a 1:1 mole ratio.

The spectra of these complexes are in good agreement with those of
similar complexes of other metal salts, indicating coordination of the
thinzoles ring through the nitrogen and the oxazoles ring through the
oxygen atoms only.5;” Thus showing that these organic compounds
act as monodentate ligands. This is in accordance with the fact
that sulphur is considered to be a weak donor towards uranium (VI).8

Infrared studies show that these complexes possess coordination
number five in the case of the complexes formed with uranyl chloride
and thiocyanate, but in the case of the uranly nitrate complexes the
coordination number is seven.

All the infrared spectra of the uranyl complexes under considerati-
on show strong absorption bands at (910-950 em~') and at (250-260
em~!) due to v; and v, modes, respectively, of the uranyl group.? No
bands appear at ~ 850 em~! due to v, mode of the uranyl group ir for-
bidden, in the freelinear OUO group, indicating that the linearity of the
OUO group is maintained in these complex compounds. The doubly
degenerate OUO bending vibration is observed at ~ 270-230 em~!
in the low frequency ir spectra and its frequency is consistent with simi-
lar mode in several other uranyl complexes.!%11 The low frequency ir
spectra of the uranyl complexes studied here show bands in the region
345-375 cm~!. These bands are assigned as ir active uranium-oxygen
streching modes in the benzoxazoles complexes.
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Inspite of the heavy mass of the uranium atom the U-O mode in the
present studied complexes oceurs in almost the same frequency range as
in other complexes reported for divalent transition metal with organic
oxygen donating ligands.1?2 The uranium-nitrogen stretching frequencies
have been tentatively assigned by comparison with the spectra of the
benzoxazole complexes, and are found in the range 290-310 em~.
Similar results are reported for palladium (II) complexes with thiazoles,13
This suggests that the uracium-ligand bonding is quite strong in the
complexes studied here.

Infrared spectra of the uranyl nitrate complexes show the presence
of coordinated nitrate groups.!4 In metal complexes it is rather difficult
to distinguish between monodentate and bidentate nitrate groups.lS
Ir frequencies associated with nitrato groups in these complexes oceur
almost at the same frequency ranges as in UO,(NO;),, 2H,014 and
other uranyl nitrate complexesi6:17 in which the presence of bidentate
chelating nitrate groups has been established by infrared and X-ray
structural studies. Presuming that the nitrate groups act as bidentate
chelating ligands for the uranyl groups, the 1:1 uranyl] nitrate comp/exes
obtained in the present work may be considered to have seven-coordi-
nated uranium with four oxygen atoms from two bidentate chelating
nitrate groups and N or O atom from the ligands forming a ring arourd
the U(VI) perpendicular to the OUO group.

Irfrared spectra of the complexes formed with uranyl thiovyanate
exhibit some new bands. These are identified as vCGN (2055 and 2035
cem~!), vGS (715 cm~') and vSCN (475 and 445 cm~!) modes due to
coordinated thiecyanate groups. The frequencies of these modes are in
agreement with terminal S-bonded thiocyanate groups.18 Thus, from =
consideration of (¢) 1:1 uranium: ligand ratio; (b) coordination of these
ligands through oneatom only (N in the case of benzothiazoles and O in
the case of Lenzoxazoles) and (c) the unidetate nature of the thiocyanate
group, the complexes formed with uranyl thiocyanate presumably have
five-coordinated uravium (VI) with three atems (one nitrogen or oxygen
from the ligand and two sulphurs of the thiocyanate groups) forming
an equatorial ring perpendicular to the linear OUO group. Simil:r in-
terpretation can be given for the uranyl chloride complexes.
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EXPERIMENTAL

Infrared spectra were recorded in the range 200-4000 cm-' on a
Perkin-Elmer 471 in KBr discs. A Beckmann IR-12 instrument was
used for recording the low energy vibrational spectra in the range
650-200 cm~! in Nujol mull.

Benzothiazole, bt, 2-methyl-benzothiazole, 2-Me-bt, benzoxazole,
bo and methyl benzoxazole 2-Me-bo, were obtained from Aldrich Chem.
Co. Lid. and used without further purification, the uranyl salts were
BDH and the solvents used dried by conventional methods.!9 The
complex compounds were simply prepered by mixing the uranyl salts
and ligands in 1:1 molar ratios in hot ethanolic solution, refluxing
for up to 1 hour, filtering, washing with ethanol and drying in vaccuo.
Stoichiometry of the complexes isolated were checked by standard
analytical methods?® and gave satisfactory analyses. Uranium and
chlorine were determined by volumetric method which is based on the
work of Corpel ard Regnaud.?!

Compound Found % Cale. %,
U Cl1 T C1

1. U0,Cl,, bt 48.8 14.6 50.0 14.9
2. U0,C1,, 2-Me-bt 47.7 14.3 48.6 14.5
3. U0,Cl,, bo 48.5 14.9 49.8 14.8
4. U0,C1,, 2-Me-bo 48.0 14.2 48.4 14.4

U SCN U SCN
5. U0,(SCN),, bt 45.0 22.0 45.7 22.3
6. U0,(SCN);, 2-Me-bt 43.8 21.2 44.5 1.7
7. U0,(SCN),, bo 44.8 21.9 45.5 22.2
8. U0,SCN),, 2-Me-bo 43.6 21.0 44.3 21.6

C S C S
9. U0,NO,),, bt 15.6 5.5 15.9 6.1
10. U0,(NO,),, 2-Me-bt 17.2 5.2 17.7 5.9
11. T0,(NO;),, bo 15.5 5.3 15.8 0.0
12. T0,(NO;),, 2-Me-bo 17.2 5.1 17.6 5.9
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Preparation and Spectroscopic Investigation Of Molecular Complexs
Of Methyl Pyridines With Chloro p-Benzoquinones

By
Y.M. ISSA, AM. HINDAWEY*, H.Y.F.EI-BARADIE
R.M. ISSA**

Chemistry Departement, Faculty of Science, Cairo Univ. Cairo Egypt

SUMMARY

The molecular complexes of some mono, di or trimethyl pyridines with chloranil (I), dicl-
orodicyano-p-benzoquinone (II) and chlorenilic acid (II1) are prepared and investigated by ir
and nmr spectroscopy. The spectral changes revealed that I or II yield molecular complexes
involving 1v — w*interaction only while those with III include as well a proton transfer from
one OH-group of the acceptor molecule to the nitrogen atom of the pyridine nuclens. The effect

of position and number of the CH;- groups is also considered.

INTRODUCTION

Molecular complexes of the donor-acceptor type (D...A) were the
subject of a vast number of investigations in the last few decades. Tho-
ugh many workers considered the molecular complexes of aniline deri-
vativesl=4, substituted benzenesS-8or condensed ring systems?%10, yet
few studies invelved pyridine and its derivativesS:1l. The molecular
complexes of pyridine and few of its derivatives were isolated by Kross
and Fassel’ and investigated by ir-spectroscopy. The type of bonding
and stability constants of trinitrobenzene complexes with a series
of pyridines, including methyl pyridines, were determined using nmr-
spectroscopy.6. -

In the present investigation, the molecular complexes of «,3 or y-pico-
lines (a,b and ¢ respectively), Lutidine (d) (2,6-dimethyl pyridine) and

*Present Address: Chematry Dept., Faculty of Science, Alexandria Univ.
**Present Address: Chemistry Dept., Faculty of Science, Tanta Univ.
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collidine (e) (2, 4, 6-trimethLyl pyridine) witk ckloranil (1), dichlorodic-
yano-p-benzoquinone (III) and chloranilic acid (III) are prepared and
investigated by ir and H'nmr spectroscopy.

EXPERIMENTAL

All chemicals used in the present work were pure Jaboratory grade
B.D.H. products.

The molecular complexes were prepared by mixing a hot solution
of the donor in ethanol (0.01 mol. in 5 ml) with a hot saturated solution
of the acceptor (2cetone for I and ethanol for IT or 1II). The sold
complexes separated immediately especially with chloranilic zcid, or on
standing. The solid complexes were then filtered off and purified by
boiling with ethanol or 1ecrystalisation, from the same solvent. The
purified comyplexes were filtered off dried and analysed for their nitrogen
and chlorine contents. Some compounds were subject to C and N,
determination. The results of analysis are always in confirmity with those
required for 1:1 (donor: acceptor) complexes.

The ir spectra of the donors, acceptors and their complexes were
recorded on a Unicam SP 1000 infrared spectrophotometer using the
the KBr Wafer snd Nujol mull techniques. The results in both cases were
not much different. The H'nmr spectra were obtained by the aid of the
Varian 60 nmr spectrometer using dS dimethylsulphoxide as solvent
and trimethyl silane as an internal stardard.

RESULT AND DISCUSSION

The acceptor used involve the non-acidic chloranil or dichloro-
dicyano-p-benzoquinone and the acidic chloranilic acid. The complexes
of each type are considered separately since the changes are different in
both cases.

A The infrared spectra:

I. Spectra of complexes with I and II:

The spectra of molecular complexes ol this class display apparent
changes in the position of the absorption bands but neither criginal
bands disappear nor new bands are observed. The main changes in the
bands of the acceptor and donor parts of the molecular complexes are
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i-For the acceptor molecule, the C=0 bands at 1695 - 1678 em™',
the C=C bands at 1632 - 1558 ¢cm~'and the C-C bands at 1175 - 895 cm—1
are shifted to lower wavenumber as a result of the increased electron
density on the acceptor in comparison to its free state. The same

holds for the C=N band of II.

ii- For the donor part of the molecule, the band at 1630 - 1620 cm~1
corresponding to the G=N bond of the pyridine nucleus and the bands
due to the various skeletal vibrations are shifted to higher wavenum-
bers. This is in accordance with the decreased electron density on the
ring of the pyridine derivatives,

iii- the yGH bands of the free donor = — ©* type>5.

Based on the above observations, the bonding between the donor
and the acceptor molecules involves the location of a = - electron from
the donor moelecule to a n*level on the acceptor one. The two components
of the molecular complex are situated parallel to each other910 which
facilitates the n—m*—electron interaction2. Accordingly, molecilar
complexes of I e and 11T d may be formulated as follows: Fig. (le) < (II1d)

(111 a)

Though. the lone pair of the pyridine nitrogen display a basic cha-
racter, yet it is not liable that this lone pair contributes in an n - ©*
interaction with the C=0 groups of I or the CG=0 and C=N groups of
III. This is apparently due to low basicity of the pyridine nitrogen
as a result of the participation of the n-electrons in a mesomeric shift
with the © —clouds of the pyridine nucieus.

This is substantiated by the apparent shift of the C=0 and C=N
bands in the spectra of the molecular complexes to lower wavenumbers,
while the bands corresponding to groups accepting an n electron are
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shifted to higher values2-5. Thus the bonding between the methyl
pyridines under and chloranil or dichlorodicyano-p-benzoquinone in
the molecular complexes would predominently involve & - n*interaction.
This result is in accordance with that observed for the pyridine-trinitro-
benzene molecular complexes!las investigated by nmr spectroscopy.

I1. Spectra of complexes with 1I:

The spectra of molecular complexes with chloranilic acid display
marked changes ir comparison to those of the free components, such
changes are:

i- The OH-bands at 3235, 1270 and 1212 c¢cm~'corresponding to
the weak hydrogen bonded OH-group of chloranilic acid are no more
observed in the spectra of the molecular complexes. This denotes that
the proton of this OH-group is involved in an interaction of the acid
base type with the basic centre of the donor molecule i.e. the nitrogen
atom of the pyridine nucleus. This is confirmed by the appearance
of an intense group of bands within the 2800-2400 cm~'range. These
bands are assigned to the stretching modes of the structure (=N*-H)!2,
which is formed through 2 groton transfer from the acidic acceptor to
the basic donor part of te molecular complex. This type of interaction
leads to the so called complexes of the salt typel,2 which involves an
electrostatic attraction between the two components of the complex.
The complex is further stabilised by the & — =* interaction.

ii- The occurance of a = — w*interaction is gathered from the shift
of the C=0, C=C or C— C bands of chloranilic acid to lower wavenum-
bers which reveals an increased electron density on this part of the mole-
cular complex.

iii- The vyy and veoy bands of the remainder OH-group are
shifted to lower wavenumbers while the 8,y band is shifted to higher-
values. These shifts denotes an increased strength of the intramolecular
hydrogen bonding!,3 in the C.T. complex. This recalls the behaviour
of molecular complexes with polynitrophenols?:3.

iv- The bands corresponding to the various vibrations of the CH,
-groups are generzlly shifted to higher values due to the increased hyper
conjugation between the CHj-groups and the pyridine nucleus. This
results from the decreased electron density on the pyridine derivative
through the = - ©* interaction and the bonding of the proton to the nit-
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rogen lone pair. The y.y; bands of the pyridine nucleus are shifted to
higher values indicating a decreased negative charge density on the donor
molecule.

v- The bands due to the skeletal vibrations of the pyridine ring
are mostly shifted to higher values due to the lowering of electron
density on it through the 7 — n*interaction. Based on the spectral chan-
ges observed, the bonding between the methylyridines and chloranilic
acid can be given as follows; Fig. (Ila) (II¢c)

O’g_ CH3 o~
CH3 N: 0 c1 't 0 o Ci
0
I.’l R ..o‘ H
(I1a) (IIe)

B- The H' nmr spectra:

A substantial support for the results obtaired from the ir spectra
is gained by considering the changes of the H' nmr spectra of the
molecular compiexes under investigation in comparison to their cons-
tituents.

The H'! nmr spectra of the donors displey two sets of signals;
the first one lies within the 2.6 - 2.3 ppm range and is due to protons
of the CH;-groups. The signal appears spiitted in the spectrum of donor
(e) due to the difference in the character of the three methl groups. The
second set of signals corresponds to protons of the pyridine ring and
occurs within the 7.6 - 6.9 ppm region. The spectrum of chioranilic acid
(IIT) exhibits one signal at 8.1 ppm with integration equivalent to two
Pprotons coresponding to the OH-groups.

In the spectra of the molecular complexes with chloranilic acid,
a new signal integration equivalent to one proton appears within the
3.8-3.1 ppm range. This signal can be assigned to the proton of
the new center =N+-H; this signal is shifted to higher values in
the order (b > a — ¢ > d — e) i.e. in the direction of increased basicity
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of the nitrogen atom of the pyridine nucleus. The proton transfer from
teh acceptor to the donor is further supported by the decrease in the
integration of the OH-signal of chloranilic acid in the spectra of the
molecular complexes to a value almost equivalent to one proton.
The OH-signal is slightly shifted to higher fields as a result of the
increased strength of the intramolecular hydrogen bonding ir the
molecular complex.

The signals corresponding to the protons of the donor part of the
complex are shifted to higher fields due to the decreased electron den-
sity on the pyridine ring which results from the intermolecular = — =*
interaction with the acceptor part and the protonation of the pyridine
nitrogen.

The H! nmr spectra of molecular complexes with T and II show
obvious shifts of the donor signals to higher fields as a result of the in-
termolecular charge transfer interaction. However, the shifts observed
with the complexes of 1 and II are of lower magnitude than for those
with III, since the protonation of the nitrogen atom is not liable to
occur with I end II.

It is worthy to mention that the magnitude of the band or signal
shift, whether to lower or bigher values, generaily changes for one and
the same acceptor on changing the donor in following order:

b — a, ¢ > d - e which runs generally parallel to decreased ioni-
sation potential of the pyridine derivativel4 As a matter of ract the =
-ionisation potential decreases as the number of the donor CHj-groups
increases and bence the intermolecular 7w -bonding becomes stronger.
The fact that the band shift runs almost in. accordance with the ionisa-
tion potential of the donor molecules denotes that the increased number
of the CH;-groups displays rather iittie steric effects on the intermole-
lecular interaction. This result is quite similar to that observed with
complexes of p-benzoquinone with indol derivatives!S. For the chlo-
ranil-alkyl benzene!Scomplexes, it was found that the presence of the
CH;-group on the donor increased the stability of the molecular complex
while the presence of C,Hs- or C;H,- groups decreased its stability.
Thus, the bulky groups cause steric effects on the approach of the two
molecules (Forming the molecular complex while the methyl) group
furnishes little steric effect.
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162 Y.M. ISSA, A M. HINDAWEY, H.Y.F.EI-BARADIE R.M. ISSA

The CHj-group generally functions as donor centre in virtue of
its hyperconjugation with the = -electron system of the pyridine nuc-
leus. With increased number of (H;-groups, both steric factors and
hyperconjugation rises in magnitude. However, the latter seems to
be of dominant effect and Lence the donor property increases and con-
sequently the shift becomes higher.
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