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SUMMARY

Charge transfer complexes of 2,4-dinitrophenol with aniline derivatives are prepared from
ethanol or benzene solutions then investigated by ir, 'H nmr and electronic absorption spectros-
copy- The. type of charge transfer complexes, whether being of the salt or melecular compounds
type, was found to depend on the basicity of the amine and solvent used. The spectral changes
due to the formation of each type of complexes are given; the results obtained are compared with
those of picric acid with aniline derivatives.

INTRODUCTION

The formation of charge transfer {C.T.) complexes of trinitroben-
zene derivatives with aromatic compounds was of interest to several
workers [ 1-7]. The interaction between the donor aromatic molecule and
the acceptor trinitrobenzene derivative was investigated mainly by inf-
rared spectroscopy while few studies utilised X-ray [6] and e.s.r. [7]
methods. The intermolecular charge transfer (C.T.) was assumed to
occur under the influence of the high acceptor character of the nitro-
compounds due to the existence of the three electron withdrawing nitro-
groups arcund the benzene ring.

In a previous investigation, we reported on charge transfer com-
pounds formed with 3,5-dinitrobenzoic acid [8]. This work revealed that
the existence of three nitro groups on the benzene ring is not essential
for the occurance of the intermolecular C.T. interaction. Since C.T.
compounds with aceptors containing an acidic groups [3-5,8] drew the
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attention, so for the type of compounds formed (salt or molecular comp-
lex) is considered, it seems of interest to investigate the possible forma-
tion of C.T. compounds with 2,4-dinitrophenol which is comparable in
structure to picric acid where the NO »—group in position 6 is elimina-

ted.

EXPERIMENTATI

All chemicals used were laboratory pure grade B.D.H. products,
few compounds were obtained from Koch- -light. The charge transfer
compounds invelved in the present work were prepared by mixing a
hot solution of 2,4-dinitrophenol (0,01 mole) in the least amount of et-
hanol or benzene with ancther containing the aromatic amine (0.01
mole) in the least amount of the solvent. Due to the low solubility of
aminobenzoic acids in benzene, they were dissolved in the least amount
of acetone then mixed with the acceptor solution in benzene, thereafter
acetone was evaporated leaving a clear solution of the molecular comp-
lex.

The reaction mixture was boiled for 10 minutes then allowed to
cool. The solids separated were filtered off then recrystallised from pure
ethanol or benzene and their melting points then determined. The com-
pounds obtained have various colours depending on the nature of the
substituent present and the solvent used which recalls the case of the
trinitrobenzene derivatives [9]. The determination of nitrogen for all
compounds and analysis of some chosen complexes for their C and H
content revealed the complexes formed are of the 1:1 type (donor: ac-
ceptor).

The infrared spectra of charge transfer compounds and their consti-
tuents were recorded ¢n a Unicam SP 1000 infrared spectrophotometer
as KBr dics. Some spectra were repeated on a Beckman IR4 infrared
spectrophotometer. :

The 'H nmr spectra of scme compounds were obtained on a varian
60 nmr spectrometer using deuterated chloroform as solvent. The UV
spectra of some solid complexes were recorded on the Unicam SP 8000
spectrophotometer using the nujol mull technique.

RESULTS AND DISCUSSION

The results obtained for the compounds under study are collected
in Table I, while, representative spectra are given in Fig.1. From these



413

CHARGE TRANSFER COMPLEXES OF 2,4-DINITROPHENOL

amoxg = ‘ug ‘wea1d Al = "9’ ‘Mo[[ek BuBIp = ‘X'IQ ‘MO[[oL Ystuea19)
xo]durod agmosjomx

‘spueq SutmoquSieu Aq possey —

peoxg (q)

suozudg = ¢

[oueyIf = [ iS1UIA[0G
po1 ystumoxgf = ‘yug ‘eSuerg = ‘1Q umoaq aped = ‘ud'd

‘X9 ‘mopeh ySug = - x°g :sInoo)

= ) punodmoo sysuen) wojord = ‘J°d

900 | %9 (9)osee | <T8‘1%6 | SIET'0SET | SEST'OPSI | 0¥3E | 07 SL a4 "X10 “ ‘ON—o
sv'g | ¢8 0S€£-06€S | 818°6%6 | O0EEI'SPET | OSST'OVST | S9%€ | 61 08 a9 | "A'vg « foN—
€0'z | 96 | 00gs-068€ | 7e80%6 | 0€EI'SYET | BIST'OPST | o¥2e | LI 06 t21c 1) “ ‘on—d
— | 96 | oggc-00o¥e | 738‘er6 | TELET'OSET | 0OFST'0SST | ogee | LI i q ‘A « ‘ap0op—d

¢IT | oLes—08%€ | 078326 | OCET'0SET | OPST'09ST | 0928 | 91 S8 q X0 | O “
0S'2 | 881 | 0093-0S%% | 038°S%6 3391 0vs1 — | st 08 q ‘K| nd HO0)—d

00T | 08z¢-0e¥e | 0£8°S36 | SEETI'SSEY | SESL°GPST | 0T8E | ¥1 SL g | wgd| W “
$0°% | S8 | 00520562 | 078°S36 o€l 851 — | €1 <8 o ‘A Ld .HOOD— W
s e 08gE | S18°636 4491 1241 081¢ | 21 SL a3 10 “ HOO0) 0
98°¢ | ¥9 06cc | 618°636 | EEEI'OPET | SESI'SPST | 092¢ | 1T oy g | gud “ ag-—d
3Ly | ol 062€-098¢ | ——'6 | SEEI‘LYET | BEST'SPST | 0SgE | O 57 a9 ug “ HO—°

98 | u676-08e€ | 07386 | SPEI‘BSET | OSST'OPST | 0538 | 6 Ss q DN DR “
LI'% | 0T | 00S2-00%Z | ——‘S16 14 | 6¢ST — | 8 oL ! 90 “ HO—uw
0°S | 66 | 0092-086% | —'816 139) 0¥S1 — | ¢ S8 ! .S « Ho—d
YV | 36 618526 (11491 0¥ST — 19 08 g ‘A « , HO—o
€L’y { L8 | 0093-006% | 028°6%6 seet 02S1 -] s s “ ‘X “« H)—w
80°¢ | @0T | 0092-0S6% | $08°ST6 9geT 0281 — | ¥ oL “ ‘X110 “ H)—d
1'% | 98 | 00S2-0382 | 308356 LEET SeST — | ¢ S8 a4 ‘X Id mmuoic
€% | 68 | 0052-026% | 038°0%6 geet 91S1 — | ¢ 8 a4 K9y Ld HDO—w
$€°S | OTT | 00S2-006% | ——*BB6 SEET 8181 — 1 06 tiicH Kd | ud H)0—d
00°% | ST1 €28°806 | SECT'0SET | OVST'OSST | 0L68 | - jouaydoxyuip
~¥°G §o sompeA

aouop 101d220y “wmAs "mAse % FLEVN mo puno
“yd |odw|  HNO HDA ‘ON ‘ON HOO | oN | pBIX ! -fos | - | -dwo) X

‘[ouwoydoaytuIp-$'g Ym ?EZ.I@I&& SOAIYBALIOp ouNIue Jo Bxads-Ir oYy ul spueq juelrodun surog

1

AqBL




414 Y.M. ISSA, AM. HINDAWEY, R.M. ISSA and A.M.G. NASSAR

Acceptor

1 i : | ] { 1 ]
3500 3000 2500 1800 1600 1400 1200 1000 800 625
WAVENUMBER cm’

FIG 1

results, the aniline derivatives investigated can be classified into four
categories:

a) Aniline derivatives which failed to react with the 2.4-dinitro-
phenol including aniline and its 6¢—C1, m—C1, p—C1l or p—Br aniline
derivatives. The p—Br aniline failed to react in ethanol.

b) Aniline derivatives which yield C.T. complexes of the salt type
from either ethanol or benzene, namely, 0—, m—, or p-anisidine and
0—, m—, or p-toluidine.

¢) Aniline derivatives giving C.T. complexes of the nzolecular comp-
lex type frem ethanol and or benzene including 6—, m—, or p—NO,,
p—Br, 0—OH and ¢0—COOH rubstituents.

d) Aniline derivatives displaying colour or molecular isomerism,
these yield C.T. complexes of the salt type from ethanol and molecular



CHARGE TRANSFER COMPLEXES OF 2,4-DINITROPHENOL 415

complexes from benzene. These are the m—OH, m—COOH, and p—
COOH substituents,

In what follows the mam spectral behaviour of the two types of
compounds are congidered.’

I- The ir specira:

A- Compounds of the salt type :

The formation of these compounds takes place through a proton
transfer (P.T.) from the phenolic group to the amino group of the aro-
. Inatic amines in addition to the intermolecular charge transfer between
the aromatic rigns.

These compounds have hlgher melting points compared to mole-
cular complexes formed with the same amhne derivative and are cha-
racterised by intense yellow colours. The infrared spectra of these C.T.
complexes display the foilowing changes in comparison to those of their
constituents:

1- The vNH: bands of the aniline derivative within the 3450-
3300 cm~* and the vOH band of the 2,4-dinitrophenol in the spectum
of the C.T. complex being replaced by a group of broad bands within
the 3100-2800 cm~1 due to the strecthing vibration of the (—NH™)
[2-4]. Also the SNH band of the aniline derivatives near 1620 e¢m—1
and the 3OH band of the phenolic group 1195 cin—! are no more obser-
ved in the spectra of the C.T. compounds.

2— The NO: - bands at 1550 cm~! and 1540 cm~! (asym) or 1350
and 1335 cm~1 (sym.) which appear doubled in the spectrum of the free
acceptor appear as a single broad band in the spectra of the C.T. com-
mounds due to the distruction of the intramolecular hydrogen bonding
between the OH and the o—NO, groups. Also the NO; bands are ge-
nerally shifted to lower frequencies as a results of the increased electron
density on the aromatic ring of the 2,4-dinitrophenate ion.

3~ The yCH bands of the acceptor part of the C.T. compound at
928 and 825 cm~1 are shifted to lower wavenumbers, the lower frequency
band becomes merged with the neighbouring band at 820 cm~1! in the
spectrum of 2,4-dinitrophenol. Contrary to this behaviour, the yCH
bands of the aniline derivatives are shifted to higher wavenumbers.
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This behaviour denotes increased electron density on the 2,4-dinitrop-
henate part and its lowering on the aniline ring.

Accordingly, in compounds of the salt type the bonding between
the two molecules of the C.T. complex would occur through the m—mz*
charge transfer in addition to the electrostatic forces between the posi-

tive charges of the anilinium ion and phenate ion of the dinitro compo-
nent.

B- Compounds of the molecular complex type:

Compounds of this type have low m.p.’s and are characterized by
orange, red or brown colours. The spectra of these compounds are more
or less superposition of the spectra of the simple components but show-
ing obvious shifts in the band position.

The vNH ; of the donor and vOH of the acceptor are observed though
being slightly shifted to lower wavenumbers. The shift can be explained

in the light of C.T. from the aniline ring to the dinitrophenol compo-
nent.

The increased negative charge density on the 2,4-dinitrophenol
component facilitates the charge migration to the NO: - groups hence
favours their shift to lower wavenumbers; also the splitting of the
NO, — bands is still observed in spectra of the molecular complex. The
yCH bands of the dinitrophenol are shifted to lower wavenumbers as
a result of the increased electron density on the ring of the acceptor com-
ponent.

II- The 1Hnmr spectra:

To throw more light on the donor-acceptor interaction in the C.T.
complexes under investigation, the nmr spectra of some compounds
from both classes are investigated.

The nmr spectrum of 2,4-dinitrophenol displays a multiplet signal
in the 9.2 and 7 .3 ppm region for the three aromatic protons. The OH—
signal appears as a broad singlet at 10 .8 ppm which remains unchanged
on deuteration, a case which is refered to the strong intramolecular
hydrogen bonding between the OH— and 0—NO »—group. The OCH,
and CH; signals appear near 3.8 and 2.4 ppm respectively; the four
aromatic protons of anisidenes and toluidines yield the signals at 7.1-
6.7 ppm.
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In the nmnr spectra of all complexes of the salt type the signals due
to the OH— and NH—protons disappear and some new signals are
observed in the 6.8-6 .0 and or the 2.4-2 .2 ppm regions. These signals
correspond to the protons of the NH,+ group formed through a proton
transfer from the OH— group of 2,4-dinitrophenol to the NH —group
of the aniline derivative. The signals of the aromatic protons of the
aniline derivative display a shift to higher field strengths while those of
the 2,4-dinitrophenol component exhibit a counter shift. These changes
are in accordance with increased charge density on the acceptor and its
decrease on the donor ring.

The nmr spectra of C.T. complexes of the molecular type can be
considered as a superposition of the various signals of the components
with small shifts in their positions. Generally, the signals of the aroma-
tic ring protons of the donor molecule shift to higher fields while those
of the acceptor display on opposite shift in virtue of the =—m=* C.T. inte-
raction from the aniline derivative as donor to 2,4-dinitrophenol as ac-
ceptor. The signals of the OH— and NH ;—groups shift to lower fields
on complex formation; this can be explained by the increased intramo-
lecular hydrogen bonding in the 2,4-dinitrophencl component and the
formation of an intermolecular hydrogen bond between the NH,—
group of the donor and p—NO group of the acceptor.

The results of the nmr spectra are in confirmity with those of the
ir-spectra,

II1- The electronic absorption specira:

The intermolecular charge transfer interaction in the C.T. comple-
xee is visualised from the appearance of a new band in the electronic
absorption spectra of the solid complexes within the 380-420 nm for
compounds involving proton tramsfer interaction and 390—460 nm for
molecular complexes. Thus the band lies at shorter wavelengths in the
former case indicating a higher C.T. energy in P.T. compounds. This
results from the formation of the negative charge of the phenate ion on
the acceptor which lowers the electron affinity of the acceptor ring, and
the NH;*— on the donor leading to a higher ionisation potential.

The spectra of some molecular complexes [9,10,11] exhibit a low
extinction broad band within the 480-550 nm range which corresponds
probably to the w—=* interaction.

The results of the uv spectra are in good agreement with the conclu-
sions gained from the shifts in the ir- spectra.
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On considering the behaviour of the different anilines under inves-
tigation in relation to their basic character, it becomes apparent that
amines of high basicity (pKa > 4.5) form C.T. complexes of the salt
type whereas, aniline derivatives with low basicity (pKy; < 2.0) can
only form molecular complexes, aniline derivatives of intermediate ba-
sicity are capable of forming both the salty type and molecular comple-
xes i.e. display colour and structural isomerism when ethanol or benzene
are used as solvents. The varied behaviour in the two media is due to
the high polarity of ethanol favouring the ionisation of 2,4-dinitrophenol
hence leading to proton transfer complexes which is not the case for
benzene.

On comparing the results obtained in the present work with those
of the previous investigation on C.T. compounds of picric acid with ani-
line derivatives [4], it becomes obvious that the formation of molecular
compounds starts with p—NO —aniline in case of picric acid (pKj, =
0.38) [10] while it starts with m—OH aniline when 2,4-dinitrophenol
(pKa = 4.0), is used as the acceptor molecule. Thus the formation of
complexes of the salt type shifts to amines of higher basicity as the acid
character of the acceptor molecule decreases.

According to the present findings, it can be concluded that the for-
mation of C.T. complexes of the salt type or molecular compound type
will depend on the basicity of the amine used as donor molecule, the aci-
dity of the phenolic compounds acting as acceptor as well as the pola-
rity of the solvent in which the C.T. complex is prepared.
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