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Spectrophotometric Studies on Some
1,3,5-Triphenyl Formazans

W.F. EL-HAWARY
Chemistry Department, Faculty of Science
Cairo University, Cairo, Egypt

Some 1,3,5-triphenyl formazans were prepared. The spectra of.
these compounds were scanned in different organic solvents and
water. The values of wavelength maxima (Ayax) of the bands and
the corresponding molar absorptivities (€yax) Were calculated. The
spectra in ethanol display mainly three sets of bands, each compri-
sing four bands lying at wavelength ranges 222-265, 250-303,
337-388 and 417-505 nm respectively. The bands were assigned
to the different electronic transitions. The effect of substituents on
the position of Apax was studied. The effect of different solvents
on the position of the C.T. bands was studied, an attempt to correlate
the position of these bands with different solvent parameters was
tried. It was found that, there is no single parameter governing the
baad shift, but the shift in band position is the resultant of the effect
of different parameters.

INTRODUCTION

Formazans are those compounds which contain the characteristic chain of
atoms —N=N-—C=N—NH—. Such compounds form a distinct class with
characteristic properties. Their structure was first elucidated by Bamberger' and
Pechmann.? Formazans serve as good analytical reagents, dyestuffs and play a
vital role in many biological and industrial processes.3 Spectrophotometric studies
on formazans show that most formazans absorb fairly intensively at wavelengths
in the red and violet regions® and this gives rise to their characteristic intense
colours. They also absorb strongly in the ultraviolet region at about 250-350 nm.

Spectrophotometric studies on formazans including absorption spectra™® of
the compounds, determination of the acid dissociation constants7‘9, and their use
as analytical reagents for spectrophotometric determination of various metal
ions were carried out.

Recently, some new triphenyl formazans were prepared13 and their structure
was studied by potentiometry, IR, NMR and TGA data.

The present investigation aims to study the absorption spectra of some
triphenyl formazans in the UV and visible regions. Band assignment and solvent
effect on the band position of these compounds have been discussed. The triphenyl
formazans studied have the following structural formula:
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where: X=Y=Z=H (I); X=Y=H, Z=0-NO, (II); X=Y =H, Z=p-NO, (Ill); X=Y =H,
Z=0-OH (IV); X=Y=H, Z=p-CH; (V); X=Y=H, Z=p-Cl (VI); Y=2Z= H, X=
0-AsO(OH), (VII); Y =Z =H, X = 0-OH (VIII); X = 0-AsO(OH),, Y = H, Z = p-NO, (XI).

EXPERIMENTAL

The chemicals used in this investigation were all of the highest purity available.
The 1,3,5-triphenyl formazans were prepared by coupling the corresponding
diazotized amine with the substituted phenyl hydrazone in NaOH medium as
described before.!* The resulting precipitates were twice recrystallized from the
appropriate solvent. The purity of the prepared formazans were confirmed by
elemental analysis and m.p. constancy.'® Stock 107> M solutions of the formazans
were prepared by dissolving an accurately weighed amount of the recrystallized
product in the appropriate volume of the required solvent and the stock solutions
were diluted to contain the amount required for spectrophotimetric measurements.
The organic solvents used were either spectroscopic pure from BDH or purified
according to recommended methods.'* The absorption spectra were scanned
within the UV and visible regions using Perkin-Elmer Lambda 4B spectrophoto-
meter with 1 cm matched quartz cell.

RESULTS AND DISCUSSION

The electronic absorption spectra of all the formazans (I-IX) were scanned in
some organic solvents of different polarities as ethanol, methanol, 1-propanol,
iso-propanol, n-butanol, iso-butanol, dioxane, ethyl acetate, methylene chloride,
DME, DMSO, benzene, toluene, carbon tetrachloride, cyclohexanol, water, glacial
acetic acid, l-pentanol, acetone, cyclohexane, chloroform and n-hexane. The
values of the wavelength maxima (A,,) of the bands and the corresponding molar
absorptivities (€, are given in Table-1
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Band A Band B Band C Band D
Solvent 4 4 _4 _4
A nm ex 107 Anm ex107 Anm €x 107 Anm €X10
IX

Iso-propanol . 266 211 286 201 35 1.09 503 204
1-Propanol 263 143 294 153 355 1.08 504 197
Dioxane 270's 1.36 294 154 361 1.24 516 175
n-Butanol — — 293 141 357s 1.04 503 2.11
Ethyl acetate 264 1.39 294 156 361 1.28 506 1.95
CH,Cl, 266 140 294 155 363 170 513 192
Benzene — — 293 156 355 1.23 515 1.82
DMF — — 295s 1.36 - — 494 045
DMSO — — 299 122 377 1.02 512 203
Methanol 262 1.42 292 1.47 354 1.17 504 1.88
CCly — - 298 166 350 128 Sl 1.95
Cyclohexanol — — — — 360 114 509 192
Water 260 s 096 300s 090 428 091 — —
Glacial CH3COOH. — — 292 149 349 127 507 171
1-Pentanol 264 1.59 294 164 258s 1.02 503 2.09
Acetone — - - — 366 131 508 191
Cyclohexane — — 286 — 351 — 512 —
Ethanol 261 1.58 290 158 355 1.18 505 192
Toluene — — 296 155 353 1.26 513 185
Chloroform 269 1.35 292 142 362 1.16 514 197
n-Hexane 270s 1.14 286 1.16 342s 0.74 509 0.90
Iso-butanol 263 1.53 294 160 355s 1.08 504 2.11
Band Assignments

The spectra of the studied formazans in ethanol display mainly three sets of
bands. The first set comprises two bands (bands A and B) lying within the
wavelength range 222-265 and 250-303 nm. These may be assigned to the
medium energy level n—nt" electronic transition within the benzene ring (1La—1a)
and the transition (1Lb-1A) of the aromatic system, respectively.'® These bands
are characterized by their high molar absorptivities (€ = 10%), which may be taken
as evidence for these assignments.

The second set comprises mainly one band (band C) appearing within the range
337-388 nm. This band is believed to be due to an intramolecular charge transfer
(C.T.) from the hydrazo group (C==N—NH—) to the aryl moiety joint to the
carbon atom. This assignment may be assisted by the presence of this band in the
spectra of the substituted formazans which contain electron withdrawing group,
e.g., NO, group.

The third set comprises one band (band D) lying within the range 417-505
nm assigned to T — 7t transition within the azo group, influenced by intramole-
cular C.T. through the whole molecule. This band is shifted to lower wavelength
(338 nm) in case of compound (IV). This may be explained by the presence of
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OH group in the o-position to N=N group, which form intramolecular hydrogen
bonding, and band was ascribed to the formation of the cyclic structure through
hydrogen bonding.l(’

Effect of Substituent

There is a more or less linear realtionship between the variation of A, of the
C.T. band and o, (Hammett’s constant) of the substituent. Thus, Hammett’s
equation is valid in the form:

;\’x = 7“H - 19.50')(

This relation between variation of A, and Gy is also linear for most of the other
solvents used in this investigation.

Solvent Effect

It is well known that the bands due to local transitions are solvent insensitive,
while the C.T. bands are sensitive to environmental changes. The shift in band
position by changing solvent can be discussed in terms of dielectric constant of
the solvent and the possibility of a specific solute-solvent interaction through
formation of an intermolecular hydrogen bond between the solute and solvent
molecules.'® The forces participating in the solvent shift of the C.T. interaction
bands are: (i) Polarization or dispersion forces resulting from the change in the
refractive index of the medium, which leads to small shifts and is important in
the caseswhere either the solute or solvent is of low polarity, and (ii) Red shift
due to increased dielectric constant of the medium, which is important with solute
or solvent molecules of moderate polarity.

One of the most important solvent parameters which shows a reasonable
degree of correlation with transition energy is the static dielectric constant (D),
} , f(D) ®(D),"” where

or more precisely a function

D+
-y 20 =1) _D-1
fD) = 2D+1"° ¢(D)_D+2

Other solvent parameters which affect the transition energy are 7*'%, B! and
7%, All these parameters lead to a linear relation with transition energy if one of
these parameters is the only one governing solvent shift.

The first set of bands (bands A and B) lying at shorter wavelengths is
unaffected or slightly shifted to red with increasing solvent polarity. This small
shift is in harmony with the fact that these bands are due to local transitions.

On the other hand, the positions of the C.T. bands (bands C and D) show a
variation between wide limits. Generally, there is a red shift with increasing
solvent polarity. This shift can be explained by the increased solvation stabiliza-
tion of the excited state with increasing solvent polarity. However, the plots of
v%::%, f(D) and ®(D) against A, are not strictly linear relations, except for
moderately polar solvents (e.g., ethanol, l-propanol, iso-propanol, r-butanol,
iso-butanol, acetone, DMF and DMSO), which give more or less linear relations
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with some compounds. Also, the plots of the other parameters (1, B and Z) are
not strictly linear. This may be taken as an evidence that the spectral shifts are
not governed solely by any of these parameters. Based on these results, it can be
concluded that the shift in band position would be attributed to combined effects
of the dielectric constant, refractive index, change in the solvation energies of the
ground and excited states as well as the probable formation of the solute-solvent
molecular complexes. Another possible factor is the changes in the strength of
intermolecular hydrogen bonding between solute and solvent molecules. These
effects contribute to the band shift, whether to higher or lower energy, and the
observed shift is the resultant of the effect of different factors.
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