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The reaction of nitrophenols (picric acid, 2,6-dinitrophenol, and 2,4-dinitrophenol) with
divalent metal oxinate (metal = Cu, Co, Ni, Mn, and Zn) produced a type of molecular
complex, which comprises two molecules of the metal oxinate and one molecule of the
nitrophenol. In the case of the Mg complex the ratio is 1:1. A definite charge-transfer band
is detected for the Co(II) complex. A hydrogen bonding system Oj...H*...Og is suggested.
This includes the proton of the nitrophenol and two oxygen atoms; each is related to a
coordinated oxinate of two different metal oxinate molecules. Analytical and spectral

evidence are in accordance with the tentatively suggested formulations.

Introduction

Molecular complexes of a variety of organic
electron donor and acceptor molecules have been
reviewed by Briegleb [1]. The donor behaviour of
the oxine ligand was investigated with several
organic electron acceptors [2, 3]. Moreover, the
divalent copper, palladium, and nickel oxinates
formed molecular complexes with typical organic
electron acceptors [3]. The stoichiometry of the
molecular complexes shows that the donor: acceptor
ratio is independent of the metal. Ratios of one
copper(II) oxinate to either one acceptor (e.g. tri-
nitrofluorenone, chloranil) or two acceptors (e.g.
trinitrobenzene, picryl azide) were reported [3]. The
crystal structures of some of these molecular com-
plexes were determined [4-7]. We wish to report the
reactions of some metal oxinates with dinitro- and
trinitrophenols. Interest in these nitrophenols stems
from the fact that they combine the electron accep-
tor aromatic nitrophenol and the acidic proton
which is known to attack the metal-nitrogen bond
of the chelate ring in the metal oxinate [8].

Experimental

Reagent grade chemicals were used. The metal
oxinates were prepared as described [9] earlier
(a form of Cu(Il) oxinate was used). Solvents were
spectra grade. The electronic spectra were recorded
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with a Unicam SP 8000 spectrophotometer. The
infrared spectra of the metal complexes were
measured as nujol mulls using a Perkin-Elmer 577
Grating Infracord (4000-200 cm-1). Carbon, hydro-
gen were determined at Dr. F. B. Strauss micro-
analytical laboratory. Standard methods were used
for the metal analysis. The separated complexes
were dried under vacuum over phosphorus pent-
oxide.

The reaction between the metal oxinates MOx»
(M = divalent Cu, Co, Ni, Mn, Zn, and Mg) and
nitrophenols (picric acid, 2,6-dinitrophenol, and
2,4-dinitrophenol) was carried out as follows. The
benzene solution (100 ml) of the nitrophenol
(0.006 moles) was added to the powdered metal
oxinate (0.006 moles). The resulting reaction mix-
ture was refluxed for 1 h. The precipitated complex
was filtered from the warm solution, washed with
benzene, and dried.

The metal complexes were incompletely soluble in
chloroform, insoluble in other organic solvents, and
decompose in water to the nitrophenol and the
metal oxinate.

Results and Discussion

The cleavage of the M-N bond of the chelate ring
of the metal oxinates and the subsequent protona-
tion of the quinoline nitrogen by the action of
haloacetic acids produced an oxine molecule co-
ordinated to the metal atom, as a zwitterion
molecule, via its phenolate oxygen [8]. The dinitro-
and trinitrophenols provided a type of molecule
which has not only the acidic proton, though a
weak acid, but also the nitroaromatic characteristic
of the z-electron acceptor.



M. M. Aly-A. M. Shalaby - Reaction of Nitrophenols with Divalent Metal Oxinates

231

Table I. Suggested formulations, elemental analyses, colour, and effect of heat for the metal complexes.
(Hpie, H 2,6-ph, and H 2,4-ph refer to picric acid, and 2,6-, and 2,4-dinitrophenol respectively).

Suggested formulation Elemental analyses [ 9]
Number (C) = Calculated, H N Metal Colour Effect of heat
(F) = Found [°C]
1 (CuOx3)2 Hpic (C) 54.08 2.92 10.51 13.62 greenish- changes to brown
C42H27N701:Cus (F) 53.71 3.12 10.22 13.90 yellow at 260
2 (NiOxz2)2 Hpic (C) 54.65 2.95 10.62 12.76 greenish- changes to dark
C42H27N70;1Nig (F) 54.96 3.23 10.81 12.34 yellow brown at, 300
3 (MnOx3)2 Hpic (C) 55.10 2.97 10.71 12.81 yellowish- changes to brown
Cy2H27N 7011 Mng (F) 55.41 3.18 10.42 13.17 brown at 290
4 (ZnOx2)2 Hpic (C) 53.81 290 10.46 14.05 yellow changes to brown
Cs2H27N7011Zns (F) 53.46 3.05 10.33 14.29 at 235
b MgOx; Hpic (C) 53.21 279 12.93 4.49 yellow melts at 205
C24H15N50eMg (F) 53.56 3.00 12.56  4.63
6 (CoOx32)2 H2,6-ph (C) 57.42 3.21 9.57 13.42 red changes to brown
Cs2H2sNg09Coo (F) 57.78 3.30 9.34 13.77 at 300
7 (NiOx2)2 H2,6-ph (C) 57.45 3.21 9.57 13.37 brown changes to black
C12H2gNgOgNig (F) 57.80 3.31 9.34 13.03 at 210
8 (CuOxs)2 H2,4-ph (C) 56.82 3.18 9.47 14.31 green changes to brown
C42H28N g09Cus (F) 57.04 3.19 9.45 14.05 at 260
9 (NiOx3)2 H2,4-ph (C) 57.45 3.21 9.57 13.37 brown changes to black
C12HogNgOgNig (F) 57.11 3.35 9.29 13.62 at 255
10 (MnOx32)2 H2,4-ph (C) 57.94 3.24 9.65 12.62 brown changes to black
C4s2H2sNgO9Mny (F) 58.31 3.41 9.60 12.89 at 330
11 (ZnOx3)2 H2,4-ph (C) 56.59 3.17 9.43  14.67 yellow changes to brown
Cy2HogNg09Zngo (F) 56.74 3.40 9.17 14.91 at 230

The analytical data in Table I are compatible
with the reaction

2 MOx:z -+ nitrophenol — (MOxz)z nitrophenol

M = divalent Cu, Co, Ni, Mn or Zn; nitro-
phenol = picric acid, 2,6-dinitrophenol, or 2,4-
dinitrophenol.

This reaction is applicable for all compounds in
Table I except for compound 5, which was obtained
from the reaction of picric acid with MgOxs, where
the stoichiometry of the compound is one Mg oxinate
to one picric acid. The reaction of nitrophenols with
the metal oxinate is expected to be influenced by
the pK of the nitrophenol, the stability of the M-N
and M-O bonds of the oxinate chelate ring, and by
the ability of the metal oxinate to form a stable
molecular complex with the nitrophenol. Accord-
ingly, the investigated points are (i) breaking of
either the M-N or the M-O bond, and possibly both
(ii) the appearance of a charge-transfer band where
neither the metal oxinate (donor) nor the nitro-
phenol (acceptor) absorb, and (iii) the effect of the
formed structure on the vibrations of the metal
oxinate and the nitrophenol.

The infrared spectra of compounds 1-11 listed in
Table IT do not reveal any vibrational bands attrib-
utable to either the *N-H stretching (3200 to
3400 cm~?) or the composite bands of the *N-H--O
system (2050 and 2650 cm~! similar to those of the
oxine adduct of Th(IV) and U(VI) oxinates [10, 11]).
However, the vibrational features of these complexes
reveal (a) shifts of YN—Oasym, YN—Osym of the nitro-
group and vC-N from their locations in the nitro-
phenol [12], Table IT, (b) the disappearance of
60-H of the nitrophenol (normally observed [12] at
1150 em1) (c) splitting of the »C-O [13], and the
in-plane C-O bending [14, 15] into two bands
(Table IT) while the position of the chelate ring
deformation band was not significantly changed,
and (d) the appearance of weak bands in the
1700-2000 cm-1 region; see Table III. These ob-
servations are in accordance with the assumption
that the association of the two metal oxinate
molecules with the nitrophenol molecule is through
a hydrogen bonding formation that combines the
hydrogen of the phenolic hydroxyl and the oxygens
of two bidentate oxinate ions (one from each metal
oxinate, see Fig. 1). This situation is evidenced by
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Table II. Vibrational features [em~1] of metal complexes; Nujol mull.

Assignment
Nitrophenol Metal oxinate
Complex yN-Oasym yN-Osym vC-N vC-O in-plane chelate
C-O bend ring def.
a b c d e f
1 1562 (w), 1542 (w), 1350 (m) 837 (m) 1118 (m) 522 (m) 408 (m)
1537 (m) 1113 (s) 515 (w)
2 1560 (w), 1545 (w), 1360 (m) 846 (w) 1117 (s) 512 (m) 412 (m)
1535 (m) 1109 (m) 500 (br)
3 1562 (w), 1542 (w), 1360 (m) 848 (w) 1113 (s) 503 (m) 392 (m)
1537 (m) 1106 (s) 492 (m)
4 1565 (w), 1545 (w), 1355 (m) 848 (w) 1119 (s) 508 (m) 398 (m)
1538 (m) 1112 (m) 490 (m)
5 1572 (w), 1550 (m), 1345 (m) 832 (m) 1117 (s) 511 (m) 408 (m)
1542 (m) 1109 (m) 501 (br)
6 1575 (w), 1550 (m), 1345 (m) 873 (m) 1117 (m) 510 (m) 408 (m)
1545 (m) 1112 (s) 503 (m)
7 1575 (w), 1550 (m), 1347 (m) 872 (m) 1117 (s) 500 (m) 413 (m)
1545 (m) 1112 (m) 492 (w)
8 1560 (m), 1554 (w), 1330 (m) 838 (m) 1119 (m) 522 (m) 408 (m)
1540 (w) 1112 (s) 510 (w)
9 1560 (m), 1552 (w) 1345 (m) 835 (m) 1118 (s) 515 (m) 413 (m)
1530 (m) 1110 (m) 505 (m)
10 1562 (m), 1555 (w), 1346 (m) 835 (m) 1114 (s) 505 (m) 394 (m
1535 (m) 1106 (s) 491 (m)
11 1562 (m), 1558 (m), 1345 (m) 838 (m) 1119 (s) 507 (m) 398 (m)
1532 (m) 1113 (m) 491 (m)

w = weak, m = medium, s = strong.

a Picric acid (1560 (w), 1548 (m), 1535 (m)), 2,5-dinitrophenol (1575 (m), 1555 (m), 1540 (m)), and 2,4-dinitro-

phenol (1578 (m), 1550 (m), 1537 (w)).

b Picric acid, 2,6-dinitrophenol, and 2,4-dinitrophenol (1345 (s)).
¢ Picric acid (835 (w)), 2,6-dinitrophenol (858 (m)), and 2,4-dinitrophenol (842 (m)).

(a), (b), and (c) are assigned according to Ref. [12].

(d), (e), and (f) are assigned according to Ref. [13], [14] and [15] respectively.
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2 by Fig. 1. Suggested association of
nitrophenol with the metal oxinate
& in (MOxg)enitrophenol.
2

the weak vibrational bands in the 1700-2000 cm-1
region which can be assigned to the hydrogen
bonding system and by the splitting of the »C-O and
in-plane C-O bending of the chelated oxinate. The
strength of the hydrogen bond formation will
control, to a large extent, the orientation of the
nitrophenol between the two molecules of the metal
oxinate, and in turn the possibility for the metal
oxinate and the nitrophenol to manifest their donor
and acceptor behaviours, respectively. The charge-

transfer band observed from the red complexed
obtained from the reaction of cobalt(II) oxinate

Table III. Weak vibrational bands ascribed to the
hydrogen bonding system.

Complex Location of bands [em1];

centres of weak and broad bands

1940, 1900, 1860, 1800, 1730
1960, 1930, 1860, 1760, 1730
1965, 1930, 1910, 1850, 1770
1950, 1870, 1820, 1790, 1730
1960, 1930, 1880, 1780, 1740
1950, 1910, 1840, 1760, 1730
1970, 1930, 1820, 1740, 1720
1940, 1880, 1810, 1750, 1730
1950, 1890, 1820, 1780, 1710
1960, 1930, 1860, 1770, 1730
1950, 1880, 1820, 1790, 1730

O W W1
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with 2,6-dinitrophenol (compound 6) as well as with
picric acid or 2,4-dinitrophenol [16] (identical
stoichiometry of 2 metal oxinate : 1 nitrophenol)
suggests that the nitrophenol is capable, in these
cases, to react with the chelate ring (hydrogen
bonding to the oxygen of two bidentate oxinate)
and to accept m-electrons from the coordinated
oxinate. The electronic spectra of the metal com-
plexes in chloroform (Table IV) show absorption

Table IV. Electronic spectra of metal complexes in
chloroform, and as Nujol mull.

Metal Amax [nm]
complex  Chloroform solution* Nujol mull
1 405, 332, 315, 257 430
2 365, 335, 253 400
3 390-365 (sh), 325, 250 405
4 330, 243 400
5 398, 318, 248 410
6 375, 248 575-550 (br), 400
7 365, 330, 250 425
8 332, 315, 253 425
9 362, 335, 252 410
10 390-363 (sh), 335, 253 390
11 335, 247 400

* All metal complexes are incompletely soluble in
chloroform; sh = shoulder; br = broad.

bands characteristic of the coordinated oxinate with
the expected shifts associated with the type of
coordinated metal ion [17]. It is worth noting that
the 460 nm band of the tetrahedral Ni(Il) oxinate
[17] is not observed for the reaction products of the
metal oxinate with either picric acid, 2,6-dinitro-
phenol, or 2,4-dinitrophenol (compounds 2, 7, and 9,
respectively). This peak is replaced by a 365 nm
peak. The replacement of the 460 nm peak by a
383 nm peak was recently reported [18] for the
chloroform solution of Ni(II) oxinate to which
methanol was added; a behaviour which was
explained by the transformation of the metal
oxinate from the tetrahedral structure to the
distorted octahedial structure of the methanolic
adduct [18].

The electronic spectra of the other metal com-
plexes are not significantly different from that of the
metal oxinate. The 250 nm peak is ascribed to the
nitrophenol. The Nujol mull spectra show typical
charge transfer bands in the case of the cobalt(II)
complex (compound 6) which was similarly observed

from the reaction product of cobalt(II) oxinate with
either picric acid or 24-dinitrophenol [16]. The
other complexes show absorption bands near
400 cm~! which can not be assigned with certainty
to charge-transfer since the coordinated oxinate
absorbs in this region. According to Mulliken’s
theory [19], charge-transfer resonance interactions
produce definite perturbations of the highest filled
donor orbital and the lowest vacant acceptor
orbital. The energy levels of the highest filled
orbitals for the metal oxinate were suggested to be
much higher than in the oxine ligand [3]. It should
be expected, therefore, that the metal orbitals are
contributing to the charge transfer process either
independently or more probably in combination
with the ligand n-electrons. Tt is assumed, accord-
ingly, that the hydrogen bonding system that
involves the oxygen atom of the bidentate oxinate
impedes the extension of the delocalised z-electrons
of the chelate oxinate through the metal ion. While
this argument could explain the inhibition of the
donor capabilities of the metal oxinate (except
cobalt(II) oxinate), the presence of three nitro
groups may have some additional steric effects on
the orientation of the nitrophenol [20]. This is
shown by the shifts of the symmetric "N-O from its
location [21] in the nitrophenol (see Table 1I). The
lower stability constant of the chelate ring in the
magnesium oxinate results in a stronger hydrogen
bond formation between the oxygen of an oxinate
and picric acid (compound 5) which together with
the factors discussed above could explain the metal
oxinate : picric acid 1:1 stoichiometry of this com-
plex. The fact that a definite charge-transfer band
is only observed for the cobalt(II) complexes
accords with the view that the lattice packing in
charge-transfer complexes is determined by the
tendency toincrease the charge transfer probabilities
and by the stability requirements relating to the
decrease in the repulsive forces created by the size
and shape of the reacting molecules.

The tentatively proposed structure of these com-
plexes is not at variance with our earlier findings
regarding the reaction of nitrophenols with metal
acetylacetonates [22]. It was suggested that a proton
addition to an oxygen atom of the coordinated
acetylacetonate precedes the cleavage of the ligand.
A similar proton addition also accounted for the
acid-catalyzed ligand exchange reaction in Al(III)
acetylacetonate [23].
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