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2,4,6-trimethylpyridinium 2,6-dichloro-4-nitrophenolate crystallizes in
monoclinic system, space group Ρ21/c, a = 7.534(2), b = 26.673(5), c =
8.452(2) A, ,0 = 116.16(3) 0 , Z = 4. The planar molecules are arranged
in the lattice as antiparallel oriented pairs with the symmetry centre. The
O - • • •Η—Ν+ hydrogen bonds are relatively long, 2.686(4) A. The C-O bond
length, 1.250(4) A, indicates an extended charge separation. The IR and
UV-VIS spectra in KBr pellets confirm the ioii pairs to be present in the
solid state.
PACS numbers: 61.10.My, 33.20.Εa, 33.20.Lg

1. Introduction

The studies on the stucture and spectroscopic properties of adducts of pen-
tachlorophenol (PCP) and 2,6-dichloro4-nitrophenol (DCNP) with amines, per-
formed so far [1], showed that at suitable choice of acidity and basicity of interact-
ing components the hydrogen bonds O-H... Ν are formed in which the proton is
shared between the bridge atoms. Such bonds are very short, their length oscillates
around 2.5 Å. In the IR spectra vanishing of absorption above 1700 cm -1 takes
place and in the fingerprint region one observes a broad absorption assigned to the
protonic vibrations. There is a close analogy to the complexes of carboxylic acids
with amines [2]. The problem of the potential for the proton motion is still open.
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In the case of weak bases the bridge hydrogen atom is localized at the oxygen
atom, while for strong bases the hydrogen atom is attached to the nitrogen atom
with creation of the O - . • • H-N+ ion pair. The charge transfer is well reflected in
the length of the phenolic C-O bond [3].

In the present paper we would like to present the results of the studies on the
stucture and spectroscopic behaviour of adduct of DCNP with 2,4,6-trimethyl-
pyridine (TMP). The considerable basicity of this compound should favour the
creation of the ion pair. On the other hand, one could expect the influence of the
steric effect on the geometry of the hydrogen bond and the structure of the adduct.
The presence of methyl groups and chlorine atoms in the ortho position should
counteract to the coplanar arrangement of the phenyl rings.

2. Experimental

The complex was obtained from equimolar amount of ΤMΡ and DCNP in an
acetonitrile solution. The yellow crystals were grown from CCl4 by slow isothermal
evaporation of the solvent.

All X-ray measurements were made on a KUMA ΚM-4 (Kuma Diffrac-
tion, Poland) computer-controlled K-axis four-circle diffractometer with graphite
monochromated Cu K radiation at room temperature. The stability of crystal
was monitored by measurements of three standards every 100 reflections. The data
were corrected for Lorentz and polarization effects as well as for absorption [4]
(correction between 0.981 and 1.261). Experimental details are given in Table I.

The crystal structure was solved by direct methods with SHELXS-86 [5]
and refined by full-matrix least squares technique using SΗELXL-93 [6] with
anisotropic thermal parameters for non-H atoms. At intermediate stages of the
reflnement, the difference maps showed all H atoms. In the final cycles of the
refinement H-atom parameters with isotropic thermal parameters were included.
Scattering faction were those incorporated in SHELXL-93.

IR spectrum was recorded for pellets in KBr on a Buker FTIR IFS 113v
spectrophotometer. UV spectra of solid compounds were recorded on Cary 1
UV-VIS spectrometer in KBr pellets.

3. Results and discussion

The scheme of the adduct with numbering of atoms is presented in Fig. 1.
The atom coordinates are listed in Tables II and IV, while the bond lengths and
angles are contained in Table V. Table IfI contains anisotropic thermal parameters.
The arrangement of adducts in the lattice are depicted in Fig. 2.

Unexpectedly it appeared that the phenyl and pyridinium rings in the adduct
are coplanar in spite of a steric hindrance. The angle between normals
to these planes is 2.9(1)°. The O — • • • H—N+ hydrogen bond is 2.686(4) Α long. The
O(1)H(1)N(1) angle is 173(4)°, so that the axis along the adduct is close to the
twofold screw symmetry axis. It is parallel to the b axis. The C(1)-O(1) bond is
very short, the shortest among the C—O bonds known so far in adducts of phenols
with amines [1,7]. It means a notable charge separation.
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The H-bond complexes form in the lattice the pairs with an opposite orien-
tation of dipoles and paralel arrangement of the phenyl rings. Thus, the pairs of
adducts possess the symmetry centre. The distance between the parallel phenyl
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and pyridine atoms is within the 3.44(3)-3.57(4) Å range. It is close to the van
der Waals contacts between the aromatic rings (3.6 Å). The coplanarity of the
phenyl and pyridine rings and the parallel arrangement in pairs is stabilized
by the dipole—dipole interaction and, in addition, by the sandwich type charge
transfer interaction between the 2,6-dichloro4-nútrophenolic (electron donor) and
trimethylpyridyl (electron acceptor) groupings. A quinoid character of phenolic
ring is expressed to some extent. Thus the C(2)—C(3) and C(5)—C(6) bond lengths
are equal to 1.347(5) and 1.350(5) Å respectively. Simultaneously, a shortening of
the Ν(2)-C(4) bond length is observed (1.425(5) Å). As far as the contact between
pairs is concerned one can distinguish interactions between the oxygen atoms of
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nitro groups and hydrogen atoms of Car Η groups of the trimethylpyridinium ring.
The C(51)-Η(51). • • O(2)(—x,-0.5+y,- z+1) distance equals 3.274(5) Α with the
C(51)-Η(51). . • O(2)(-ß,-0.5+y, —z+1)1) angle equal to Α148(4)° and the Η(51)• • •
O(2) distance is 2.44(4) Α.

The ionic feature of the OΗΝ hydrogen bridge is well reflected in IR and
UV-VIS spectra. The IR spectum is shown in Fig. 3. The stretching vibration

band is located at particularly high frequencies, the highest of which has been
observed for amine phenolates. The gravity centre of this band lies at about
2860 cm- 1 . The characteristic feature of the v(ΝΗ+) band is a rich fine stuc-
ture typical of bands located in the 2500-3000 cm -1 range.
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Figure 4 shows the UV-VIS spectra of DCNP itself and ΤMΡ DCNP adduct
and tetramethylammonium salt in the solid state (KBr pellets). The, absorption
band of the adduct is located at about 415 nm, while of the tetrabutylammonium
salt at about 445 nm. If we compare these data with the spectum of ΤMΡ DCNP
in dichloroethane [8] (the band localized at 400 nm) we can conclude that the solid
state promotes a larger charge separation than in solution. This is in agreement
with the IR spectra and packing in the solid state. The antiparallel arrangement
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of the hydrogen bonded complexes in a pair favours the charge separation. Never-
theless, such a charge separation is much smaller than in the tetrabutylammonium
salt.
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