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The dissociation constants of some J3-diketoarylazo compounds have been determined
potentiometrically and spectrophotometrfcatly in 50 vol % ethanol-water medium at 25°±0·1°
and an ionic strength of 0·1. The behaviour of these compounds is related to the nature of the
substituent, based on spectral measurements. .

ALTHOUGH biOlog.ical activity and dyeing pro-
perties of some diacyl and/or aroylmethane
azo dyes have been reported-:", not much work

has been reported on' their structural chemistry.
In the present work we have carried out spectro-
photometric .(electro~ic, .IR. NMR and mass) and
potentiometnc studies In order to have deeper
insight into the structures of these compounds.

Materials and Methods
A general method of preparation was ~ased on

coupling acetylacetone, ?enzyl~ceto?e and dl~enzoyl-
methane with appropnate diazonium salt In cold
sodium hydroxide solution". T~e crude product ,~as
recrystallized from ethanol to gIve the corresponding
azo compounds in good yields.

Infrared spectra were taken in KBr on a Py~-
Unicam SP 1100 spectrophotometer and electronic
absorption spectra on a Pye-Unicam SP 500 spectro-
photometer. PM R and the mass spectra we~e
recorded at the Chemistry Department, Austin
University, Texas, USA.

A radiometer PH meter type 28 was used to
record the pH of the solution with an ac~uracy of
± 0.01 pH units. The pH ~eter readings (B)

recorded in ethanol-water solutions were corrected
for non-aqueous solvent by the. method of Van
Uitert and Haas? The readings were made
on a series of solutions containing known amounts
of HCI and N aCl with an ionic strength of 0·1
in 50 vol % ethanol-water medium at ~5° ± 0..10

•

Ligand solution (10 ml, 1 X 10-3M) was mixed with
N aCl solution (y= 0·1) and transferred to the
titration cell. A stream of nitrogen gas was ~assed
to remove the traces of O2 and CO2, The trtrant
(10-2M NaOH) was added in inst~lments of 0·05 ml
and each titration repeated twice to check the
reproducibility (± 0·01 pH units). . .

All the other reagents were made from hI~h-punty
materials or purified reagents, and all solutions were
prepared in deionized water.

Results and Discussion
Table 1 lists the compounds under investigation
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with their m.ps, colours, Amax' log Emax and pK",.
values.

The electronic spectra of these compounds at
different pH values exhibited intense bands corres-·
ponding to 7t-+7t* . transitions. Different spectro-
photometric methods were applied to calculate the-
dissociation constants of the compounds. The
following limiting absorption equation was applieds ;

.••• (1)

where A is the absorbance at the corresponding pH,
A b is that in the strongly alkaline solution and.
Aa is that in the strongly acidic solution. The plot
of log absorbance ratio term versus pH was linear
from which the pKa values were obtained. Colleter's.
methods (Eq. 2) gave similar results.

K = [H2J- M [H;J (2)
a M-l ....

In Eq. (2) M is given by the expression (3)

M = A3-AI . [H;]-[HiJ ... (3)
A2-AI [H~]-[Hj]

where AI' A2 and A3 are the absorbances at the
[Hi], [H;] and [H~] respectively.

Irving and Rossotti mode of calculation was
applied to calculate the pK values f~om potentio-
metric data10. The 11, and pL relation was used.
for this purpose.

The obtained pKa values for the compounds,
which are of acid-base equilibria type correspond.
to the overall dissociation constants of different
tautomers (I and II) (Scheme 1).
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TABLE 1- CHARACTEI,UZATIONDATA, UV MAXIMUMABSORPTIONSANDpKa VALUESAT

25°± 0·1° OF SO~E ~-DIKETOARYLAZOCO~PO.uNDS

:Dye
No.

m.p.
°C·

Colour Amax
nm

Potentio-
metry* .

R! = RZ = CH3

1 H 87 Yellow, . 365 3'88±0'02
2 o-NOz 187 Deep yellow 390 2·96±0·03
3 'm-NOz 146 Beige 350 3·08±0·02
4 p-NOz 237 Pale yellow : 380 3'04±0'01
5 0-OCH3 145 Pale orange 395 4'02±0'02
·6 m-OCH3 89 Reddish brown 370 3·91±0·01
7 p-OCHs 104 Brownish red 400 4·10±0·01

Rl =.CH3; RZ = C.Ho

8 H 103 Yellow 315 4·36±0·02
9 o-NOz 150 Lemon yellow 395 3·69±0·03

C\ 10 m-NOz 121 Cream 350 4'42±0'01
11 p-NOz 152 Brownish yellow 385 4'29
12 0-OCH3 132 Golden yellow 400 4·02±0·08
13 m-OCH3 115 Brownish yellow 375 5·03
14 P-OCH3 73 Yellow 405 5·08

Rl = RZ = C.Ho

15 H 1,)8 Orange 350 5·22±0·10
16 e-xo, 195 Deep yellow 410 2·40±0·12
17 m-NOz 201 . Yellow 370 3·66±0·02
18 p-NOz 182 Brownish yellow 390 3·06
19 0-OCH3 161 Orange 415 3·02
20 m-OCH3 166 Reddish brown 400 4·01± 1·03
21 P-OCH3 152 Brownish orange 420 3·32

pKa

Spectre-
photometry]

1O·02±0·20

11·32±0·02
11·13±0·03
11·54±0·02

11·27±0·02
9·36±0·06

11·46±0·04
12·04±0·08

• 1O·32±0·06
11'82±0'04

4·01+0·10
HO±O'Ol
8·60±0·05
7·71±0·09

7·56±0·07

*For protonation-deprctonation equilibrium.
tFor deprotonation-ionization equilibrium.

TABLE.2 - UV DATAOF DIACYLAND/ORAROYLMETHANEAzo DYES IN DIFFERENT SOLVENTS

Dye CCI. CHCla Dioxan Acetone Ethanol
.No.* --------- ~-

Amax log emax Amax log srnax Amax log srnax Amax log emax Xmax log emax

2 385 4·28 390 4·25 385 4·231 390 4·176 390 3·74
7 395 4·255 402 4'30 390 4·415 400 4·279 400 4·328
9 395 3·123 397 3·215 400 3·17 397 3·225 395 3·255

10 363 4·267 360 4·199 355 4·231 355 4·176 355 4·225
.n 395 3'552 430 3'387 395 3·584 395 3'471 395 3·519
14 405 4·297 405 4·322 402 4·246 403 4·279
16 405 4·29 410 4·243 395 4'255 410 4-19 405 4·114
18 390 4·47 396 4,568 390 4'532 390 4·579 390 4'362

. "
*Sl nos. refer to the dyes listed in Table 1.

The data show that the magnitudes of the pKa

values depend on the. nat~re of the substit uents
where inductive and conJugatlve effects are operative.
There are some indications that azo containing
groups may behave as +R. as well. as -R groups,
-depending on the electronic r.eqUlrem~nts of the
reaction. The arylazo group IS sufficiently polar
for proximity effects to become significant in the
.ortho-position, where its inherent behaviour may be
masked by field effects and by even more direct
interaction with the sidechain-I. The compounds
gave characteristic band near 310 nm at pH
Lower than 7 and in the wavelength range 375-425
nm in alkaline solutions, indicating the presence of
acid-base equilibria. The difference in pKa values
for methyl and phenyl substituted compounds can

be attributed to the nature of each substituent.
The electron donor methyl group with the hyper-
conjugative effect facilitates the ionization of the
proton. The phenyl group is more bulky than the
methyl leading to a slight decrease in the ionization.
The pKa values of the m-N02 derivatives are
higher than those of the p-N02 derivatives, due to
increased conjugation in the latter compounds,
thereby facilitating ionization .

The electronic spectra of the compounds are
affected .by the nature of the solvents, leading to a
change In the band positions and their intensities
(Table 2). The IR spectra of all the compounds
in KBr exhibited two carbonyl bands at 1660 and
1690 crrr ! and the absence of vOH and vNH.
Also the azo stretching frequency appeared at 1550
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crrr+, These findings show that these compounds
are predominantly in their keto-form (1}12. All these
compounds absorb ,....,220nm due to rc-+rc* transition
(1La-1A) of the phenyl ring. The following ob-
servations and conclusions can be derived from the
electronic spectral data: (i) the red shift of the
p-OCHa compounds 7 and 14 is due to' the high
donor character (mesomeric and inductive effects)
of the methoxy group. The electron density on the
oxygen atom of the carbonyl group assists the
electron migration ,from the highest occupied orbital
of the methoxy group to the vacant orbital on the
carbonyl group; (ii) the substituted nitro compounds
give electronic spectra mainly due to the rc-+re*
transitions of the chromophoric groups influenced
by charge migration from the O-H group i.e.
this interaction assumes that the intramolecular
hydrogen bond remains unaffected by non-polar
solvents and the charge transfer occurs mainly
due to the electron attracting property of the nitro
group. Red shift in the maximum absorption in
ortho-nitro compounds is noticed on increasing the
bulk of R1 and R2; (iii) the polar solvent molecules
are oriented to the polar sites of the solute in the
ground state and on excitation the solvent molecules
are in a position to solvate the more stabilized
polar excited state; (iv) the groups in ortho position
lead to shift in the maximum absorption due to
intramolecular hydrogen bonding, favouring the
formation of coplanar chelate ring; (v) the azo group
can act as a proton acceptor in hydrogen bonds
and the carbonyl oxygen as a proton acceptor in
protic solvents. The sole interaction with acetone
will be the hydrogen bonding between the hydrogen
of the OH- group and the oxygen of the solvent
molecules, leading to a decrease in electron density
on the oxygen atom. The same trend occurs in
chloroform with slight increase in the strength of
the intramolecular hydrogen bonding; and (vi) in
all the compounds, the solute-solvent interaction is
of moderate importance.

Four compounds, viz. Sl. nos. 3, 9, 10 and 12
of Table 1 were choosen for the NMR studies in
CDCla (chemical shift in 3, ppm with respect to
TMS as internal reference). The signals for the aro-
matic protons of compound 3 are shifted downfield
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(7·7-8·3) due to the deshielding effect of the nitro
group. This compound' shows two signals (2·5
and 2·6) for the two methyl groups indicating
that these groups differ in their electronic environ-
ment due to the formation of the enol-isomer in
solution. The upfield shift of OH- proton is
unexpected. This proton appears to be highly
shielded (0·4 ppm) probably due to its involvement
in hydrogen-bonding and formation of a stable
six-membered ring. The other signals f01" com-
pound 3 are slightly shifted due to the electron
attracting property of the nitro group. Compounds
9, 10 and 12 show two types of signals for aromatic
protons i.e. four protons for the arylazo group and
five protons for the phenyl group respectively.
The arylazo group signals are shifted down field
and appear at 8·2 and 8·8 respectively in the case
of compounds 3 and 9. The corresponding signal
appears at 7·0 in compound 12, where the electron
density of the aromatic ring increases. All signals
appear as singlets, except for aromatic protons
that appear as multiplets due to spin-spin coupling.
The compounds 3, 9, 10 and 12 show in their
mass spectra parent ion peaks at m/e 249, 311.'
311 and 296 respectively which are consistent with.
the assigned structures.
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