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The electronic absorption spectra of mono- and bis-azo dyes in ethanol :

The electronic absorption spectra of hydroxy or carboxyphenylazoacetylace-
tone derivatives or benzene-bis-azoacetylacetone derivatives in ethanol are

shown in Figs. (1-4). The spectral data are given in Table {2). The spectra of com-

pounds under investigation comprise mainly two or three absorption bands

within the region 200-500 nm. The spectra of Ia-c exhibit three bands,

the first band at 216, 216 and 217 nm has € max amounting to O.SSXqu,

4 4 -1 1

1.08X10" and 1.7X10° mol L. em  for I, . o respectively. This
b

’
band is attributed to the transition (1L§1——"1A) state of the pheny!l ring.

The second band at 250, 245 and 240 nm has €max amounting to I.O6X10q,

4 4 mol-l. L. cm"l for I

1.1X10 a, b, c

and 1.73X10 respectively.  This
second band has high extinction value and is solvent insensitive, thus
it is attributed to the transition (1Lb<-—iA) of the phenyl ring. The com-
pounds Ia, b, ¢ show at longer wavelength a third band at 403, 414 and
431 nm with ¢ amounting to 2.61X10*, 2.17X10* and 2.22x10* mot™’.
L. cm-l respectively. This band is very sensitive 1o solvent polarity and
varies from Ia to Ic’ Table 2, by varying the substituent from methyl
to phenyl groups in the pentanedione part of the molecule. From the
latters, the third band is probably of the charge transfer type. The spec-
tral data for third band reveal a red shift and variation in extinction

from Ia 10 lC when methyl group replaced by phenyl ring in the compound.

Spectra of compounds [Ia, IIb and IIc show one band at 229 nm which
is due to (1L§-——1A) transition of phenyl ring; also these compounds exhibit

a second band at 252, 255 and 258 nm with ¢ __  amounting to 1.22X10%,

1.27x10% and 1.93x10% mor’l. L. em™! respectively . This second

X
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band which is more or less insensitive to solvent polarity, may due to

transition (lI.b<—lA) of the phenyl ring. The compounds II, | exhibit
s My

also a longer wavelength band at 364, 376 and 388 nm with € max amounting

to 2.2x10%, 1.88X10* and 2.12x10% mol™l.

L. em”! respectively.  This
band shows a red shift on going from lla to IIC i.e on substituting the
methyl group by a phenyl one in the pentanedione part of the molecule.

At the same time the band is highly sensitive to the solvent polarity which

confirms its CT nature.

The spectra of the ethanolic saturated solution of compounds II[El b. c

’ ]
give three bands. The first one,located at 212, 213 and 212 nm,can be
assigned to (lLa+-—lA) state of the phenyl ring. The second band at

244, 247 and 249 nm for II[a respectively is practically insenstive
b

b, c
to solvent polarity and may be attributed to the transition (lLb(—lA)
of the phenyl ring. The third band at longer wavelength for _I_Ila, lIIb
and IIIC are a broad band shown at 374, 383 and 404 nm respectively.
The position of this band is very sensitive to the solvent polarity and
also to the type of the substituent on the pentanedione part of the mole-
cule. Another broad band of HI at longer wavelength but of low extinction

{located at =~ 480 nm) may be attributed to a charge transfer of another

type within the molecule.

The spectra of ethanolic saturated solution of the compounds IVa

and IV, exhibit three bands, the first one at 216 and 215 nm s attributed

b
to the transition (lLa-(-———lA). The second band located at 252 and 245 nm

is insensitive to the nature of solvents and attributed to (ng—lA) transition
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of the phenyl ring. The third band at 430 and 440 nm for IVa, b shows
a variation in X max with change of the CH3 group of the pentanedione
part of the molecule by phenyl ring and is very sensitive to the solvent
polarity. This band can be assigned to a charge transfer interaction within
the molecule. From Fig. (#) it can be seen that the CT band of compound
Wa is a composite one whereas it splits to two bands in case of Wb one

of them at 303 nin and the other at 440 nm. This can be attributed to

the tautomeric equilibrium of these compounds which can be represented

as follows: _
O
N S N
I
| 5 5 I
C N N C :——-—A
I\N/ C \N/l :
R./C =0 O = C\Rl
R C=0 O = Cw——R
HC——— N= N—@—N-z N e C H
R'—-—CZO 0=C—_R'

| 3 P o— Czo O =C"-""—R
| | | |
e —vve— c-.:.N—N—@—N-N-::c

Rl €= O O = CeR’
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generally it is clear from the spectral data Table (2) and Figs (1-4)
that )‘max of the CT band of these compounds in ethanol solvent is shifted
to longer wavelength on substituting the methyl! group by the pheny! ring
in the pentane-dione part of the molecule. This is dﬁe to the increase

of the conjugation and the delocalization of electrons within the molecule.

The electronic absorption spectra of mono- and bis-azo compounds in

different organic solvents :

The electronic absorption spectra of mono-azo dyes (Ia—c’ Ila_c) and bis-azo

dyes ([[Ia o IVa b) are scanned 'in ethanol, methanol, acetonitrile, acetone,
- L]

chloroform, ether,  dioxane, carbontetrachloride or cyclohexane as

given in Figs. (1-4) and the spectral data are shown in Tables (3-6).

The mono- and bis-azo-compounds show a broad band with wide variation
in its position with changing the solvent polarity supporting the CT nature
of the band overlaped with the 1 - 'n* transition of the azo group. This
CT band is red shifted on going from nonpolar (cyclohexane) to polar
(ethanol) solvents but the position of the CT band of the molecule in
the visible region of the spectra has no regular variation with ciha-mging the
nature of the solvent. This is due to the interference of different types
of transitions appearing inthis region Figs. (1-4). The shift in Amax can
be discussed in terms of the solvent polarity viz dielectric constant and
the possibility of formation of an intermolecular hydrogen bond between
compound and solvent molecules. Kundt(66) considered that the solvent
refractive index was the determining factor where either the solvent

or solute is nonpolar or of low polarity which is the case of cyciohexane
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and carbontetrachloride. Taft and Karrilet(67'69) consider the total solvent

effect to be composed of three independent contribution viz polarity, acidity

and basicity and they introduced a corresponding emperical solvent polarity

(70- 74

() acidity (a) and basicity (B) scales. Kosower introduced an emp-

erical parameter for the solvation energy on going from the ground to

excited state.

The relation which governs this behaviour was given by Gati and

(75)

Szalay in the form of

, P
A% = (ab) (Bl 4 b B

2n"+1 D +1

in which a and b are constants depending on the nature of the solute

1

and having the values 4858 cm™~ and 1217 cm'i respectively. n is the

refractive index and D is the dielectric constant of the medium. According
D-1

to this relation the plot of AV as a function of the term - would

D+l
be a linear relation if the dielectric force is predominant as shown in
Figs. (5,6). The plots indicate that the CT band suffers a bathochromic
shift on increasing dielectric constant and the plots are curved not straight

lines indicating that the dielectric constant is not the predominant factor

causing the band shift. A more precise relation is a function of dielectric
(76}

constant by Suppan of the type
2 (D-1) D-1
F(D) s———— or ¢(D)-=
2D+1 D+2

which relating the shift in band position with dielectric constant of the

*
medium. The plots of Amax of the composite band (- 7 ~-m  transition
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of N=N group with CT interaction) in the different solvents used against
the function F(D) or ¢ (D) are shown in Figs. (7-10). These plots are not
linear indicating that the dielectric properties of the medium are not

the main factor influencing the excitation energy.

78 .
On the other hand, Bayliss(77) and McRaé ) derived a multiparameter

equation containing the functions F{n) and Fz(n),

2 2

n~ -1 n" -1
F(n) = (—s—) or F,(n) = (—)
2n2+ | z r*|2 + 2

relating the shift in band position with refractive index of the medium. The
plots of AVor A max of the CT band in different solvents against the two
functions F(n) or Fz(n) are shown in Figs. (11,12) and (13,14). These plots
are not linear denoting that the refractive index properties of the medium

have low effect on the shift of the band.

The plot of A max of the CT band for compounds Ia-c’ "a—c’ma-c
and Iva,b in different solvents with other microscopic solvent polarity
parameters Z, ET values and also with the emperical parameters of o or
B» which indicate the acidity or basicity of protic and aprotic solvents,
are given in Figs. (15-22). The plots give straight lines for relations of A max
vs. Z andEpvalues for all the compounds under investigation except for
ilIb, IIIC which gave a curved line. The linearity of the relation indicates
that the solvation properties (or the solute - solvent interaction)consider
the main factor affecting the CT band position. The plots of A max against

a or B values give straight lines for all compounds but deviation from

linearity at the curves A max - @are shown for IIIb, v, (Fig. 20).
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The linearity of the relation indicates that the hydrogen bond donor
solvent(a) or hydrogen bond acceptor solvent (B8 )support the occurence
of the specific association through proton donor—acceptor systems. The
formation of hydrogen bond between the solvent and the azo molecules
can be formulated as follows R" N

H—" ?

R"
~. R\ :

o----H

H / R"O——-I]l
|
A
N = N — C n
' OR
' |
\
R"O—-—H R'——. C = 0'-—-—H
mono-azo-dye
H RII
\ / H—— o —R"
o {
] '
{ R 1
' w R"O ey e C e () e H
H— O e C—R }* OR ! |
o o
I N=N__C
|
) |
| i R"O H C = OawaaaH
H ---) = C R t R'/
H __OR“
| OR"
OR bis-azo-dye

Finally, the shift of the CT band is actually the net resultant effect
of the red shift due to increased polarity of the solvent and blue shift
due to intermolecular hydrogen bond formed between the solvent molecules

and the n-electrons of the azo group or oxygen of the carbonyl group.

%
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The Relation Between AQAnd—Bf}—- Values
For CT Band of Mono-Azo-Compounds
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The Relation Between Amax And 4)(0)
Values For CT Band of Mono-Azo—
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The Relation Between AQAnd f(n) Values For
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The Relation Between }\max And Z Values For CT

Band of Bis-Azo-Compounds

440,
L4Oy

y Ne 420}
%
< ‘s 400\

ool L
50 J0 9 50 _70 90

410 420, .

380} Mg Iy : .
/ 390} L 400} /’\

100 380




The Relation Between Armax And
Values For 1 Band of Mono-Azo+

}
_m

420, Compounds
Ia
| g5t la
355} /
A : .
S
380
Oy
370}
360}
| 75—
435, 395,
I O
25| - 385}
£ 415/ 375;
j: .
L0sH - 365




410k
< -IG
x .
8390;//,//////
<
370¢
04 03 12
AR
Iy
G605}
=
395l
B —s7—r 2
435
S 415 I
S 415
£ .
4,05
395 N
00 04,08 12

360+

350}

3801
370
360¢

350
3950

- 385+
375t

365¢

The Relation Between Amax And o— Values,
FOr CT Band of Mono-Azo-Compounds
370+

. |

2




The Relation Between )\mox Andoz Values For

CT Band of Bis-Azo-Compounds

440, .
440 v, .
g [ Ug 420l
~ 420} /_\
4004
4o ., N
O 10 06510
O e ® e
410 it 420t
380} Ta .0 _ K
o / 390! J 400l T
=360}
o705 10 oo B
ac o oC

Fig.(20)




The Relation Between Amax And B Values For
CT Band of Bis-Azo-Compounds

440,
< Ma 420t
2420t
< 400t .
4 e .
00 05 0S 05 09
B B
390, - 410¢ mb 420, e
370} s L
,g / —
350 O-IE d9 370 OE 09 380 05 69

Fig.(22)




C— e e

_49.

Spectral behaviour of some mono- and bis-azo- compounds in buffer solutions

containing organic solvents and the determination of their acid ionisation

constants:

The ionisation constants (pKa) of some mono- and bis-azo-compound
under investigation are determined spectrophotometrically in universal
buffer solutions containing 30 % by volume of organic solvent. The ab-
sorption spectra of mono- and bis-azo-compounds in buffer solution of
varying pH values are recorded within the wavelength range 200-600 nm.
Thus the bands of some compounds were shifted in their position or show
variation in extinction whereas others exhibit a new band by increasing pH

of the medium.

Four different methods are applied for determination of pK_ of diff-

erent compounds.

(1) Half- height method(79)

The pKa equal to the pH at half-height of the absorbance - pH curves.

(2) The modified limiting absorbance method 3082 ;

This method has the advantage of eliminating any overlaps between

absorbance of the two forms , and the pKa is calculated by equation

pH = pK + log vy + log

where A = absorbance at a given pH value.

= is the activity coeificient of the ions present at equilibrium.

Y
A, A are the absorbance corresponding to the total concentration of
min’ * max

neutral and ionised species liable to exist in solution.

A
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A-A .
The pKa value can be evaluated by plotting log TN s pH.
Amax” A
A - Adin
The pKa value thus corresponds to the pH value at zero log
A - A
max

(3) The colleter method‘gB)

This method is utilised in the form developed for the determination
of the stability constant of weak acids. The value of K can be calculated

from equation.

CH;_MCH;
K -
M -1
Ay - A CH’I-CH;
in which M = ( )-(C+ o )
AZ_AI Hl- H3

where Al’ Az, A3 are the absorbance at three different H® ion concen-

tration C, .+ , C

H Ht and CH+ respectively.

l 2 3

(4) Modified isosbestic point$+78

for acid - base equilibria

The following relation can be applied

fR-O” (A-A . ) RO
) + log min

OH (A-A_. ) ROH
min

pH =pK_ + Iog;( + log (

where € and € - are the extinction coefficients of nonionised and
R-OH RO (A—Amin)RO'
ionised forms at Al and 12 respectively. The correlation of log

(A-A _. JROH
with pH yields linear relationship. The intercept of this line at™n
(A-A . JRO '

log

equals zero gives a value equivalent to the following
(A'Amin)ROH




R «
\ \ —
o—H c=0 HO c o
v : I
N = N e CH N = N C
| |
R' emee C = O R'eeman C = O
nonionised keto form nonionised enol form
+H+1 L*H‘f +2H+1 L-zu"
R _
———— C - O R
O - o - c o
R' C = 0 R' e l - o
ionised keto form ionised enol form

The average values of pKa of azo compounds Ia’ lb and Ic calculated

by the different four methods (Table 18) are 9.02, 8.57 and 8.00 respec-
#* *

tively. Also the free energy change - AG { AG = -RT In Ka) of Ia’ Ib

and IC are equal to 12.26, 11.65 and 10.87 K. cal. mol_l respectivly.

Spectra of o-carboxyphenylazo-8-diketones "a’ Ilb and Hc in buffer solutions:

The absorption spectra of 5X10™°

M of compounds IIa, Ilb and IIC
in universal buffer solutions containing 30 % EtOH by volume are shown
in Figs (26-28). It is clear that the absorption of the species changes

with increase of pH of the medium.

In case of lla the absorbance of the visible band decreases in solutions
of pH 1.89 to 4 then increased gradually with increasing the pH with

small shifts in wavelength to red . This band was assigned as CT band
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The variation of absorbance with pH of solution for compounds 1I_, llb
and [lc are given in Figs. (26-28) as S- shape with one inflection. The
pK'_;1 values of the COOH and OH groups are determined using the three
different methods (Tables 10-12). The mean p](al values for compounds
Iia, llb and IIC equal to 4,79, 4.16 and 3,37 and that of pKazare 10.4,

9.92 and 7.33 respectively.

Spectra of m-bis-azobenzene-di-{ B - diketones) IH_, my and 11, in mixed

buffer solutions 3

The absorption spectra of SXLO'5 M of the compounds lila,, I[lb and
Illc in buffer solutions containing 30 % dioxane by volumé are recorded
within the wavelength range 300-600 nm and shown in Figs. (29-31) -
The spectra of the bis-azo dyes indicate that the nature of the absorbing
species changes with pH. ‘In case of IIIa the curve shows that the bands
at shorter and longer wavelength exhibit variation in extinction and position
with pH. For first broaded band, which is a composite one comprising
two peaks with A . 365, 390 nm, the absorbance increases slightly with
increasing the pH value of solution until 5.01. Above pH = 5.01 the exti-
nction of the band decreases. At the same time the second peak of the
first band disappears in solution of higher pH or in alkaline media whereas
that of the first peak shifts to shorter wavelength. The second band
at  Aax 500 nm exhibits slight variation in absorbance with pH. This

behaviour is attributed to the strong intramolecular hydrogen bond between

enolic OH group and the second carbonyl oxygen of the diketones.

In case of HI the composite band at short wavelength exhibit variation
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in absorbance with the pH of the medium which is not large as that of M.

This behaviour indicate a strong H-bond of the enolic OH as in III_.

In case of Il the increase of pH of the medium causes a decrease
in extinction of the two peaks of the first broaded band until pH 7.27.
Above this pH the absorbance of the band increases. Also the longer

wavelength band shows slight variation with pH. For compounds lIIa,

I, and IIIc the species liable to exist in solution is the neutral form

b
and charged anions ie. anacid-base equilibrium represented as :

+
H,L =2H.op*t . L7

A
+2H
R—-—C = O
0 = C==—R |
‘ N = N—CH —\
ﬁ-

O =C
P N = —
fI \ N < ;H
C~—N = N \c ) 0/
\O——-C// R'/ -
..
R C O -
_2n* O=C-—R "
.
‘;‘I—:—' | N = Ne=—C = O
C—N = |
I R—— C=-0

- O C R'
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The variation of absorbance with pH gives S- shaped curves as shown
in Figs. (29-31) and the data are given in Tables (13-15). Three methods
are used for calculation of pKa values for compounds Il]a, lllb and IIIC
which are found to be equal to 10.97, 8.47 and 7.57 respectively as shown

in Table (18).

Spectra of p-bis-azobenzene-di( g -diketones) IV, and IV in mixed buffer

solutions :

The absorption spectra of 5)(10’5 M of compounds IVa, IVb in mixed
buffer solutions containing 30 % dioxane (V/V) are shown in Figs. (32,33).
From the spectral curves, it is clear that the absorption of the species
changes with pH of the solution. The spectra of IVa show a band with
A m:x 430 nm in acidic solutions or that of lower pH values {1.89-5.01).
At pH > 7.27 the band shifts to shorter wavelength ( x . = 330 nm)
with a decrease in extinction. The strong blue shift of the band is attrib-
uted to ionization of the compounds and the increase of the pH of the
solution increases the percentage of the ionic species till at high pH where
a very broad and low extinction band would appear. Thus the band at
430 nm is due to nonionised species, whereas that at 380 nm may due
to ionised species. This behaviour can be attributed to the difference in the

transition energy of the ionised formed and the nonionised one .

In case of {Vb the spectra exhibit a band at 415 nm the extinction
of which increases with increasing pH till pH = 7.27, above which the
absorbance of the band decreases with shift to shorter wavelength (A= =

395 nm). Another band appears with X __ = 325 nm by increasing pH

ax

of the medium. The appearance of the last band indicates the presence
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of the ionic species in equilibrium with the nonionic one. This was con-
firmed by the appearance of an isosbestic point at 360 nm.

The acid-base equilibrium can be represented as follows :

O:C—_R R—_—C:O

0= C—R R C o
| u
CooeeN =N N = N C
—C |
-0 C R’ R'ev— C = O

The variation of the absorbance with pH at different wavelengths
gives S- shaped plots for l..Va, IVb as shown in Figs. (32,33) and data are
given in Tables (16,17). Three methods are used for calculation of pKEl
values. The mean pKa values of compounds IVa and IVb are equal to

1143 and 9.66 respectively as shown in Table (18).




Spectra of o-hydroxyprenylazoacetylacetone (Iq} in buffer solutions
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Table (7a) : The colleter method of compound 1 ati = 400 nm

points | pH A points taken M Ka pKa
i |es |1.ow 2,45 1.7658 |5.76658X107 |8.24
2 |70 |12t 3,4,9 7.8507 |1.4235X107°  |8.85
3 |75 |17 4,5,6 2.5084 |5.3527x10” 10 |9.27
v 8.0 |11 5,6,7 1.4967 |1.0604X10™° |8.97
5 |85 |1.02 6,7,8 1.208 19.3956x10710 |9.03
6 |9.0 |os25| 789 1.0609 | 1.6602X107° |8.79
7 19.5 |o.e3s| 89,10 1.2232 |8.6876x107!! | 10.06
g |10.0 |0.523] 1,8,10 1.0897 19.9334x107'9 19.00
o |i0.5 {ous2| 3,7,9 1.2784 |9.9067x1071° 19.00
10 {10 {ous7| 1,610 1.8841 |1.1098x 1077 ]8.95
mean pK_ = 3.02

Table (7b) : The colleter method of compound I ati = 460 nm

points| pH A points taken M Ka pKa
1o l7s oasst 2,38 1.8994 | 1.6041X107° 18.85
2 |80 |o.22 3,4,5 14435 |1.2255%107 [8.91
3 |85 |o0.36 4,5,6 1.2384 |8.06996x10719]9.09
s |9.0 1o.57 5,67 1.1396 |4.5819x10710 |9.34
5 195 |o0.76 67,8 1.0788 | 2.64ux10710 [9.58
6 |10.0 |o0.88 1,5,9 1.356 |8.7525%1071° [9.06
7 |10.5 | 094 2,3,5 2.7256 11.3331x10™°  |3.88
8 |11.0 [o0.965| 2,48 1.9189 | 1.0674x10™° |8.97
o |15 |o9ss] 1,7,9 1.0590 |6.7922x10719 [9.32
mean pKa = 9.11




Spectra of o-hydroxyphenylazo benzoylacetone (I ) in buffer solutions
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Table {8a) : The colleter method of compound I, at A = 405 nm

points | pH A points taken M Ka | pKa
1 |es |17 1,5,9 198 | 3.1629x107° | 8.5
2 170 |112 1,3,5 2.82 | L.2475x10°8 | 7.90
3 7.5 |1.05 3,5,7 1.82 | 3.1566x107° | 8.50
4 |80 [0966| 1,23 1.82 | s.17esx10® | 7.29
5 |85 |0.80 2,3,4 1.67 | 2.2273x10°% | 7.5
6 | 9.0 |o0.67 3,4,5 2.26 | 2.2645X107 | 8.65
7 19.5 |0.55 4,5,6 135 | 547791070 | 8.29
g | 10.0]0.465| 567 1.46 | 1.17023X107° | 8.93
9 | 10.5] 0.3 8,9,10 .19 | 1.038x1071% | 9.98
10 | 11.0} 0.1 2,4,8 3.83 | 3.3982x107 | 8.47
mean pK_ = 8.42

Table (8b) : The colleter method of compound Ib at A = 470 nm.

points { pH A points taken M Ka pKa
1 7.0 lo.1 1,3,5 3.4636 | 2.6532x107° | 8.58
2 7.5 |0.12 3,5,7 13727 | 2.3148x107° | 8.64
3 8.0 |0.23 2,6,6 1.7909 | 3.2823x107° | 8.48
4 8.5 |o0.41 4,6,7 1.2268 | 8.5339x10719 | 9.07
5 190 loses| 2,56 11738 | 3.61802x107 | 8.44
6 |95 |o.9 2,3, 2.0057 | 3.6367X107°7 | 8.44
7 10.0 | 0.78 3,4,5 1.5623 | 2.9872x1077 | 8.52
mean pKa = 8.59




Spectra of o0-hydroxyphenylazo dibenzoytmethane (Ic )in buffer solutions
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Table (9a) : The colleter method of compound IC at A= 420 nm.

points | pH A points taken M K‘_:1 pKa
1 |65 |1.04 1,2,3 3.4189 —_— _
2 | 7.0 |1.02 1,3,5 3.2364 | 9.56375x107° | 3.0l
3 | 7.5 1095 3,4,5 11624 |3.8942x107% | 7.4
s 18.0 |0.80 2,34 2.3856 | 5.6056x107° | 8.25
5 |85 |o72 2,6,9 12181 | 4.6084X107° | 8.35
6 19.0 |o0.67 4,5,8 1.7267 | 4.11395X107° | 8.38
7 | 9.5 |oe3 1,6,9 1.2163 | w.4u5ux10™° | 8.35
g | 10006 2,4,7 16071 | 1.5635x10°% | 7.8
9 | 10.5]0.59 3,5,6 1.1339 | 1.51485x10°% | 7.81

mean pKa = 8.04

Table (9b): The colleter method of compound IC at X = 485 nm.

points | pH A points taken M Ka PK,
L ] es | o.s 1,3,4 2.1469 | 8.8532X107° | 8.05
2 7.0 |o0.18 1,3,5 290 | 1.18169x10°% | 7.92
3 |75 |03 3,4,5 1.2688 | 2.2276x107% | 7.65
s |80 | 051 2,34 2.0893 |9.85016x1077 | 8.0
5| 8.5 | 065 2,6,9 1.2478 | 3.8763x1070 | 8.41
6 |9.0 075 4,5,8 1.8234 | 3.61906X1070 | 8.44
7 | 9.5 | 0.83 1,6,7 1.1276 | 5.0625%107° | 8.29
g 110.0] 0.88 2,47 1.7786 | 1.2121x10°% | 7.91
9 | 10.5] 0.9 3,5,6 1.1989 | 9.8712x107° | 8.0

mean pK_ = 3.07

i~




Spectra of © _carboxyphenylazoacetylacetone (I, )in buffer solutions
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Table (10a) : The colleter method of compound Iia at A= 370 nm

points | pH A points taken M Kal pKa1
1 | 3.5 looe2 | 2,34 1.4967 |3.3533x107° | 4.47
2 {40 |0988 | 3,45 1.3372 | 171161077 | 077
3 |45 |Loz2| 4,56 1.1852 | 1.0675X107° | 4.97
4 5.0 | 1.055 ] 2,68 1.1892 | 4.6569%107% | 5.33
s |55 |1.08 2,7,9 1.0769 | 3.6694x10°% | s5.44
6 |60 |10 ]| 1,89 101 |e.8061x107® |57
7 les [1.107] 1,35 1.7909 |3.2823x107° | 4.48
g 7.0 la1s| 24,8 1.7117 | 1.381x107° 4.86
9 |75 |17 ] 1,69 11664 | 5.78795x107¢ | 5.2¢
mean pKa = 4.97

1

Table (10b) : The colleter method of compound Il at x = 370 nm

points | pH A points taken M Kaz pl(a2
1 |85 [razs| 2,34 1.5195 | 3.16223x10°° | 9.5
2 190 |1135] 3,45 16183 | 7.8966 x107!! | 10.1
3 los |Lis | 4,56 1.3372 | s.e12e5x107!t | 10.27
o | 10.0 1165 ] 56,7 13048 | 1.6669x10711 | 10.78
s | 10.5|1.182 | 67,8 1.5195 | 3.1622x10712 | 115
6 |10 |ta9s| 1,7,9 1.2289 | 1.2117x107tt 10,92
7 bi1s |1.205 ] 24,8 2.4054 | 6.96426x1071L | 10.16
s 120 [1215] 1,2,3 1.8994 | s.4403x1071%  [9.35

mean pKa = 10.32

2
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Table (11a) : The colleter method of compound Iig X = 385 nm

points| pH A points taken M Ka pKa
i 1
1 3.5 |0.925 1 1,3,5 149 | s.a920x10™ | w26
5 | w0 logrs | 1,2,3 1.0636 | 1.0835x107> | 2.98
3 | a5 |0995 ] 2,34 152 | 3.as82x107 | 6.5
e | 5.0 |1015] 235 2.2948 | 1.8818X107° | 4.73
s | 5.5 |1.04 1,4,6 1.3989 | 2.1562x107° | 4.67
6 |60 |1.055] 236 27627 | 1.6373X107° | 4.78
mean pK_ = 4.32
2
Table (11b) : The colleter method of compound Il ath = 385 nm
points { pH A points taken M Ka ) pKa2
I 8.0 |1.035 | 2,34 .37 | 1.5318x107° | 8.81
2 | 85 |1.05 3,4,5 13 | s.0286x10710 | 9.39
3 9.0 | 1.07 4,56 .30 | 1.9630x10719 | 9.71
iy 9.5 | 1.086 | 5,67 152 | s.1ss2x107t | 1005
5 10.0 | 1.1 1,7,8 L1g | 3.w99sx107M | 10.u6
6 10.5 | 1.11 1,3,7 2.9 | 8.2193x1071% | 9.09
7 11.0 | 1.12 2,6,8 141 | e.625ux107tt | 10.18
8 15| 135 |- 57,8 1.63 | 7.6912x10712 | 11.11
mean pK_ = 9.91
as
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Table (12a) : The colleter method of compound . at ) = 410 nm

points pH A points taken M Ka | pKa |
1| 20 |oots| 1,23 1.6259 | 2.6567X107> | 2.61
2 125 |0943| 1,34 14684 | 1.1636X107° | 2.94
3 | 3.0 0975 2,34 1.5879 |8.u685x107% | 3.07
s | 3.5 |10t 3,4,5 1.6259 | 2.65667x10* | 3.61
s |40 |1.05 2,4,5 1.4870 | 3.439995x107% | 3.46
6 |45 |1.08 1,5,6 1.2116 | 2.9152x107% | 3.54
7 5.0 | 1.11 2,6,7 1.2116 |9.21870x107 | .04
mean pKal = 3.32

Table (12b) : The colleter mothed of compound II at A = 410 nm
c

points | pH A points taken M Ka2 pKa2
I |60 {Ll15 1,2,3 1.5195 [3.1622x1077 | 6.5
2 |65 [1.165 | 1,3k 1.3941 | 1.41879X107 | 6.85
3 | 7.0 |1.18 2,3, 1.5195 |9.9998x10°% | 7.0
s |75 |1a9s | 3,45 1.5195 |3.1622x10°% | 7.5
5 |80 [1.2 2,4,5 1.3941 |4.4866x1070 | 7.35
¢ |85 |1.22 1,5,6 1162 [3.9066x107® | 7.41
7 9.0 |1.232 2,6,7 1.2116 {9.2187X10™° 8.04

mean pKEl2 = 7.24
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Table (13) : The colleter method of compound ma at A = 360 nm

points pH A points taken M Ka pKa
i |90 (102 | 234 152 | 9.9872x107! | 10.0
2 | 9.5 |o.97 3,4,5 .52 | 3.s82x107t {105
3 10.0 {0.9 4,5,6 1.52 |9.9872x107'2 | 11.0
s | 105 |0.83 5,657 Lol | 4.2738x1071% | 11.37
5 11.0 | 0.76 2,7,8 119 | 3.2826x1071% | 11.48
6 | 11.5]0.69 7,8,9 1.109 |1.8837x10712 | 11.72
7| 12.0 | 0.63 1,8,9 1.07  |2.989x10712 | 11.52

mean pKa = 11.08

Table (14) : The colleter method of compound IIIb at A = 400 nm

points | pH A points taken M K, X 1077 PK,
l 7.0 1.107 2,3,4 1.71 6.4683 8.19
2 7.5 1.09 3,4,5 1.22 8.8285 8.05
3 3.0 1.05 4,5,6 1.44 1.2378 3.91
4 8.5 1.0 5,6,7 1.12 1.7019 8.77
5 9.0 {0.97 1,2,3 2.55 3.9502 8.40
6 9.5 | 0.943 4,6,7 1.14 L4445 8.84
7 10.6 | 0.93 1,5,7 1.28 3.11429 8.51

mean pKa = 8.52
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Table (15) : The colleter method of compound IIIC at A= 410 nm

points pH points taken M Ka pKa
1 4.5 6,8,10 1.7565 | 1.0928X 1078 | 7.96
2 5.0 3,4,5 2.1843 | 2.61136x1077 | 6.58
3 5.5 4,5,6 1.5195 [3.1622x1077 | 6.5
4 6.0 5,657 15195 | 9.9998X10% 7.0
5 6.5 6,7,8 1.7702 | 1.8074x10°% | 7.74
6 7.0 7,8,9 1.5195 [9.9998x10™° | 8.0
7 7.5 8,9,10 1.2346 |8.2169%107° | 8.09
8 8.0 1,9,10 1.1199 | 1.703ux1078 | 7.77
9 8.5 2,3,10 1.271 |2.6896x1077 | 6.57
10 9.0 1,3,9 8.51 4.17469X 1077 6.38
i | 9.5 911,02 | 1.2547 |7.4895%x10710 | 9.13
12 | 100 701,02 | 1.1024 |2.0116x1077 | 8.7
mean pl<.a = 7.54
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Table (16a) : The colleter method of compound 1V_ at A = 380 nm

points | pH A points taken M Ka pKa
1 9,5 1.0 2,3,4 1.5195 3.1622)(10'“ 10.50
2 10.0 |0.9% | 3,4,5 1.4739 |L.126ex10” !t {110
3 10.5 10.855 | 4,56 14739 13.5627%107 12 f11.5
4 1.0 10,77 | 5,6,7 1.3675 | 1.susax1071% {11.81
5 1.5 |0.69 | 6,7,8 14587 |3.7139x1071% |12.43
6 12.0 |o.615| 7,8,9 14501 |1.1996x10712 [12.92
mean pK = 11.70

Table (16b) : The colleter method of compound IV_ at A = 430 nm

points | pH A points taken M K;:1 pKa
| 9.5 [0.96 | 2,34 1.4815 | 3.4907x1071 105
2 10.0 |0.825| 3,4,5 1.6687 | 7.3786x10712 |11.13
3 10.5 10.73 | 5,56 14435 | 3.8755x10712 | 11,41
4 1.0 |06t | 56,7 1.2384 | 2.5519x10712 |11.6
5 1.5 |0.535] 6,7,8 1.5195 [ 3.1622x10712 | 12.5
6 12.0 loss | 7,89 1.2688 | 2.2276x10°4> 127
mean pK_ = i1.64
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Table (17a) :The colleter method of compound IVb atA = 325 nm

points pH A points taken M Ka pKa
1 7.5 0709 | 2,34 2.0057 [1.1500X107°  |8.94
2 8.0 0716 | 3,45 1.8994 |4.4403x10710 [9.35
3 8.5 |0.727 | 4,56 1.6366 {2.14925x10° 17 [9.67
4 9.0 {0.745 | 5,6,7 1.6790 [6.908x10° 11 |10.16
5 9.5 |0.772 | 67,8 1.2386 |8.2169x107!! |10.09
6 10.0 |0.805 | 1,3,7 6.8108 |5.0714x10710 19.29
7 10.5 |0.845 | 1,2,8 1.5732 |6.6813x10710 l9.18
8 1.0 |0.87 | 2,4,8 57838 |2.5164x10719 19.60
mean pKa = 9.54

Tabie (17b) : The colleter method of compound 1V at X = 415 nm.

points | pH A points taken M Ka pKa
1 8.0 | 093] 2,34 2.6059 | 1.0956x10710 | 9.9¢
2 8.5 [ 091 ] 3,45 1.3827 | w.650x10710 | 9.33
3 9.0 | 0.875| 4,56 14131 | 1.33899x 10710} 9.87
4 9.5 1079 | 56,7 1.3903 | e.5ex107!l | 10.34
5 100} 072 | 1,2,3 2.0893 |9.8502x1071° |9.01
6 10.5 | 0.66 1,3,7 5.2432 |2.233x10710  [9.¢5
7 1.0 061 | 1,28 1.2243 {2.7781x10710 |9.56
8 1.5 | 0.572]  2,4,8 2.5405 |2.0006x1071? |9.69
mean pKa - 9.68
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Table (18) : The ionisation constants (pKa) for mono- and bis-azo-compounds.

aqueous -

*

solvent pKa AG
compound | group

30% V/V ! 2 3 4 average |K.cal/M
EtOH IEl OH 9.0 |9.0 9.07 |9.0 9.02 12.26
EtOH I OH 8.55|8.55 18.51 |8.66 8.57 11.65
EtOH I OH 7.96|8.04 | 8.06 |7.95 8.00 10.87

EtOH I, COCH | 4.7 |4.71 [4.97 | — 4.79 6.51
OH 10.4 10.42]10.32 | — 10.40 14.13

EtOH Ilb COOH | 4.0 (4.15 [4.32 — 4.16 5.65
OH 9.9 19.95 |9.9!1 —_ 9.92 13.48

EtOH .. COOH | 3.4 3.4 |3.32 —_ 3.37 4.58

OH 7.35 (7.4 7.24 —_— 7.33 9.96

doxane ma OH 10.9 j10.92|11.08 | — 10.97 14.91
dioxane Iy OH 8.42 |8.48 |8.52 _— 8.47 11.51
dioxane i OH 7.6 |7.57 |7.54 — 7.57 10.29
dioxane lVa OH 11.2411.35311.70 | — 11.43 15.53
dioxane IVb OH 9.68 |3.68 |9.61 — 9.66 13.13




-69-

Infrared spectra of free mono- and bis- azo compounds :

This part includes an attempt to obtain the assignment for the impor-
tant and characteristic bands in the ir- spectra of the azo dyes under

investigation.

The ir- spectra of the azo compounds under investigation are recorded
in Figs. (47-52, 76-80). The assignment of the important bands is given
in Table (19) and interpreted in the light of molecular structure. The
band assignment given in the present investigation is achieved by the
comparison method and 'considering the effect of substitution and molecular
structure on the position of different bands. The method is more or less

similar to that applied in the case of some aromatic compounds(gs) and

(87)
azobenzenes . The new bands observed in the spectra of the dyes are
due to the vibration of OH, COOH, CH3 , N=N, C=0O groups, other subs-

tituted phenyl ring and the slight change of the symmetry of the molecule.

Spectra in the range 4000-2000 em!

In this region the bands due to the OH, COOH, N-H and CG-H stretching
vibrations are expected to appear. For the first series of compounds

(1), the v band appears as a wide broad absorption with medium inten-

OH
sity at lower frequency 3000, 3360, 3080 cm"l for Ia’ lb and [c respec-
tively. The position of these bands indicate that the OH group in the
o-position of phenyl ring is contributing to an intramolecular H-bond with

the second nitrogen atom of -N=N- group to form a six membered ring.

Also the enolic OH group would form an intramolecular H-bond with the

oxygen of carbonyl group.
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R~ R\
O, (|: =0 0—H._ J,C"—"O
— =
=0T\
C=0 .
R,/C=O R'/

The stretching vibration of OH of the carboxylic group in the second
series lla_C leads to a broad band at 3020, 3400 and 3130 <:m'l respectively,
supporting its intramolecular H-bonding with the N=N group as well as

the enolic OH with C=0 group.

The v OH band of enolic form of the third series of compounds (II)
1

appears as a broad weak intensity band at 3400, 3360 and 3060 cm’

for Illa, 11, and lllc respectively. Also the position of such band indicates

b
the intramolecular H-bond with the second C=O group of the diketone

part of the compounds.

® |
o.c—
I N = N——CH
I —
HC—— N-=N \
C=0
Rl/
C
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From the spectra of the compounds ma-c Figs. (76-78) it is clear
that a strong and very broaded band appeared at higher wavenumber,
which is due to the stretching vibration of the OH of water molecules.

The Voy band of enolic form of the fourth series of compounds IV appear

at 3480 and 3440 cm_l for Wa and lVb as a broad band.

The C-H stretching vibration of the CH3 group for compoundslab,
b

1 i and IV&1 is appear at the range 3030-2820 cm_l.

a,b” a,b 'D

ir- spectra in the range 2000-1500 cm-l :

The bands due to the stretching vibrations of C=O, C=C and C=N
deformation are expected to appear in this region. For the first series
of compounds I, Ia and I the V._q bands appeared at 1621, 1631 and

1646 cm'l respectively and shows a shift to higher frequency in the’ order

i

o> Ia > 1. The v band appears at 1599, 1620 and 1537 cm = for

b C=C

1 I and 1 respectively. The 6C=N band for la, Ib and Ic appear at

1509, 1512 and 1517 cm™® respectively.

For compounds of the second series (1D, the bands are shown

Ve=0
-1 .
at 1700, 1641 and 1679 cm ~ for Ila, llb and ilc respectively. The \)C:C

bands for Ila, llb and IIC appear at 1635, 1622 and 1639 cm_1 respectively.

The & band is observed at 1578, 1582 and 1574 em! for 1, I
C=N : a By

and [IC respectively.

For the compounds of the third series (1), the band appear

Ve=0
-1
at 1648, 1675 and 1644 cm = for ]lla, le and IIIC. Also Veoo band at
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-1 :
1600, 1603 and 1598 cm = for llla, Illb and IIIC respectively. The 6C_N

1

band is also shown at 1510, 1509 and 1510 cm ~ for llla, T1I and

b

lilc respectively.

in the fourth series of compounds (1V), the Ve-0 band is located
at 1640 and 1672 em™! for v, and IV, whereas the v._. bands are found
at 1598 and 1620 cm_l respectively. In the same order the C=N bond
deformation leads to the band appearing at 1505, 1509 cm_1 for IVEl and
IV, respectively. The position of the bands due to Veoo 38 well as

b

that of VOH

the strength of the intramolecular hydrogen bond occuring. The appearance

at lower frequency may give a qualitative indication to

of the Vv._y band for all compounds gives an indication that azo T hydrazo

as well as azo- hydrazone equilibrium is liable to take place which can

be represented as follows :

R : O
. \""C = 0 0 - \7 i
H_ ’ "H\q
~ R CH
N'?N—_- e H o— ‘N
| l
C=0 -C =0
R'/ R' /
azo-hydrazone equilibrium
R m—
R\
C=0 H C=0

| _—

@— cH T— Ne—N= C
B X |

RU/ R! -____C =0

azo-hydrazo equilibrium
= -N= N—CH(C=0)2 RR'
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Spectra in the range 1500-1000 o:m-l :

This region is of interest, since the bands observed are symmetric
stretching vibration of N=N group, in - plane bending or deformation modes
of O-H group, in-plane deformation of aromatic C-H and the stretching
modes of the C-O. The data are recorded in Table (19). The ir-spectra
of the components of I, II, Il and 1V reveal medium or weak intensity
bands around 1425-1389 cm_l due to the symmetric vibration of the N=N
group. The bands having three or four peaks around 1380-1300 cm-l are
corresponding to the in-plane bending modes of the O-H. Also, a band
around 1158-1028 cm-l is observed corresponding to the stretching vibration
of C-O and that around 1253-1180 cm-l for the in-plane deformation mode
of aromatic C-H bonds.

Spectra in the range 1000-250 cm™" :

Most of the strong bands appearing in the 1000-250 c:m-1 region iIn
the spectra of the dyes under investigation are attributed to the out of
plane deformation vibrations of the aromatic C-H bonds. The position
of the bands, in relation to the various types of substitution at the phenyl-
azo or phenyi-bis-azo, can be discussed in terms of the number of ad-
jacent hydrogen atoms attached to the rings. The ir-spectra of all com-
pounds show a strong band in the region 995-600 cm_l corresponding 1o

the out of plane deformation of the aromatic hydrogen atoms .




Table (19)

Th-

: Assignment of the vibration spectra of some functional groups of mono-

and bis-azo-compounds.

i [ | 1 I il i 1] HI| W v
assignment Ia b c a c a b c a b
\)OH 3000 33603080 — — — 3400 33560 | 3060 | 3480 3440
(b) {s) 1 (b} ' {wb) (b) (b) (b)
\)OHOf COZH —_— —_— J— 3020 3400 3130 — —  — — —
(b) (b} {b)
\)C HUICH} 2875 3000) — 2995 3030 —_— 2820 2930 —_— 2930 2925
{m) (w) {b) {m) {w) (w) (w) {w)
\’C-O 1631 164611621 1700 1641 1679 1648 1675 |[1644 | 1640 1672
- (vs) | (vs) | (s) {vs) (s) {vs) (s) (s) {(m) | (s) (s)
assym.
Vv ca0 1599 162011597 1635 1622 1639 1600 1603 1598 | 1598 1620
D , {s) {m)] (s) {vs) {w) | (vs} {s) {s) |{vs) | (s (m)
conjugation
assym.
8 CaN 1509 1512 11517 1578 1582 1574 1510 1509 | 1510 | 1505 1509
N {vs) (s) |(sb) (s) (s) (s) | (vs) (vs) |(vs) | (vs) |{vs)
assym.
sbr. N=N 1419 141011393 1412 1389 1404 1418 1412 1400 | 1415 1425
sym. {w) (w)f (w) (w) {m} {m) (w) (w) | sh (w) {b)
8 O-H 1368 138011342 1324 1332 1335 1365 1358 1328 | 1368 1360
{vs) (s) |(sb) (vs) {s) (vs) (m) (s) (s) (m) (s)
B C-H 1238 1205|1234 1220 1253 1228 1192 1180 1210 | 1200 1180
aromatic (s) {vs) | (s) (m) (m) (s) {m} (s) (s) (b) (s)
5yMm.
V C-0 1158 113811152 1138 1130 1080 1127 112% 1153 | 1028 1052
{s) (s) | (m) {s} (s) (s) tvw) | (m | (m) T (m)
Sym.
Y C-H 338 983 {995 984 982 988 980 980 990 980 982
B g (885- | (8874(900- { (938- | (892~ | {938~ (878- (931- | (930-] (885~ |(932-
aromatic | .30y | 7o0) |7om) | 7000 | s00) |so0) | 690) | son) |éB4) }600) [615)
sym. and
assym.

s= strong, b= broaded, m= medium, w= weak, sh = shoulder
Y = out of plane defarmation, v = stretching, & = deformation.

y B = in plane deformation,




-75-

lH NMR - spectra of some azo dyes

A further support for the conclusion obtained from the C, H, N ele-
mental analysis and IR or UV-visible spectra for the structure of these
azo compounds is gained by a consideration of their 1H nmr- spectra.
The signals due to the protons of the OH groups {enolic form or that
attached to the phenyl ring) and the effect of substitutents (from methyl
group to phenyl ring in the diketone part of the molecule) on the position
of it are studied. The lH nmr spectra of acetylacetoneethoxythiocarbonyl-

(33 ). (89) investigated also the lH nmr-

hydrazone was studied Issa et. al.
spectra of some azo-hydrazone dyes. The position of the signals observed
in the spectra due to the different types of the protons of the molecules

were discussed.

1 .
H nmr spectra of o-hydroxy and o-carboxyphenylazo-8-diketones (la_c), (lla_c):

The different types of hydrogen protons which are expected for the

compounds under investigation can be formulated as follows :

3
3CH ;~_ ™~
I OH > Tc-o I oH c OH
5 5
2 . N
N = N—=CH N =N——C
6 — ¢
6 i 6
=0 cC=0
3CH3/ 3CH3/
I
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1 CH
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7 7
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lb lc

7 8
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The 'H nme spectra of the compounds la-c are shown in Figs. (53-
55) and the chemical shift of the different types of protons are recorded
in Table (20). The proton magnetic resonance spectra of L, 1 after
deuteration with DZO are also shown in Figs. (53,54), the fine structure
of the spectrum has been taken but the coupling constant for the spin-spin
coupling are not evaluated. All signals observed take the integration
value for its area which give evidence and helps to assign the signals.
It is clear from the spectral curves of Ia and lb that the signals lying at
very downfield side 14.66 and 14.6 ppm or at 10.47 and 12.6 ppm respec-
tively are removed after deuteration which give evidence that they are
due to the proton of OH groups attached to the phenyl ring and to -OH
group of the enol form of the compound respectively. This supports the
previous indication from IR spectra that the keto-enol form equilibrium
is liable to exist under this condition. The signal of the o-OH groups

is shifted to higher field when the CHBgroup is substituted by phenyl ring.

The proton 4 has single ortho and meta coupling as that of proton
5 whereas proton 6 has double ortho and meta coupling. The signal of
proton 4 is at magnetic field more than that of 5 and both are more than

that of proton 6 which is shown at downfield.

The signal due to the methine proton of the acetylacetone part of
the molecule appears at chemical shift 2.2-3.33 ppm. On going from
ligand I, to I or [. a new signal at downfield appeared which is due to
the protons of the phenyl group. These signals become very intense and

more shifted downfield in case of lc than of Ib.
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The lH nmr spectra of "a—c as well as its deuteration, Ila by DZO’
are shown in Fig. (56) and chemical shifts of the different signals are re-
corded in Table (20). The proton | of carboxyli¢ group (Figs. 56-58),
exhibits a signal at 8.0, 7.9 and 4.26 ppm for Ila, ll]b and IIC respectively.
This was substantiated by the removal of the signal on deuteration. Such
position is due to the low shielding of the carboxyl group which shift

the signal towards up-fields.

The lH nmr signal at very downfield (13.0+13.75 ppm) which is
also removed by deuteration is due to the proton of the -OH group estab-
lished from the keto <> enol tautomerism. The signal of the methyl group

of 1I_ is at higher field than that of ]Ia which may; be due to the substit-

b
ution of the second CH, group by the ph one. The proton of the phenyl
ring ortho to azo which has ortho and meta coupling exhibits a signal
at downfield than that of the corresponding proton prtho to the carboxylic
one. Proton 8 attached ortho to the carbonyl gronjp is at downfield than
that of proton 7 due to the electron acceptor effect of the C=0 group. it
can be noticed that the nmr studies have shown tﬂat the phenolic or the
carboxylic hydrogen atom, which give peaks at f}ar downfield, must be

strongly hydrogen bonded(%).

lH nmr - spectra of m- and p-bis—azobenzene—di-? -diketones (ma—c and
I

lVa b) :

The bis-azo dyes have  different hydrogen t:ypes which can be for-

mulated as follows :
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3
3CH (") y N l
3 (IZ_ 4 N = Ne—2C
2 9 3
HC——N =N 0=C—-CH
1l 3
3 a
CH —C=0 O = C——CH,4
| 3
2 | ey
HCSZ _ N -
0=C' 7
7—\8 I 1
8

7, 3 Illc 3 7
7

3
3
CH3——-C= 0 O =C——CH3
0, =G |
3 4 4 3
CH,——C =0 = € ——
, 3 Vi O = C—CH,
CH cC=0 O = C=—=CH
3 3




-80-

The 'H nmr spectra of III_ . and Wa,b are shown in Figs. (81-85)
and the magnitude of the chemical shifts of the different types of protons
are recorded in Table (20). The lH nmr spectra exhibit a weak signal at
chemical shift 13.55, 14.68 and 14.74 ppm for compounds llla, IIIb and
llIC respectively.  This signal is removed by deuteration. At the same
time another signal appears at [.9-2.2 ppm range. This indicates that
the first one is due to the -OH group whereas the second to the methine
group (-CH) and confirming the presence of the keto-enol equilibrium
in the medium. Proton 9 has only meta coupling and its signal is shown
at very high fields in the spectrum supporting the presence of this proton
ortho to the azo group. Proton 4 has ortho and meta coupling whereas
that of 6 is only ortho coupling. As that of mono-azo dyes the proton
8 exhibits its signal at lower field than that of proton 7 due to the electron

acceptor properties of the C=0O group.

It is clear from the spectra that the signal of the protons of CH3
of compound HI, is of high integration area which decreased in I[[b and
disappeared in case of lllc. This behaviour is shown also in case of the
compounds [Va,b , but in this case the proton 4 (Figs. 84,85) is only ortho
coupling and gives a very intense signal at high fields. The signal of
the proton of the methyl group is affected by the substitution of the

second CH, group by ph one which leads to shift it to the higher field

3
side of the spectrum. It is generally concluded that the keto - enol equili-
brium of these compounds is established as well as the presence of the

intramolecular hydrogen bond between the OH or COOH protons and

the -N=N- group.
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Table (20) : Assignment and chemical shifts (ppm) of the different types
of protons of the mono- and bis-azo-dyes.
chemical shift (8) ppm of protons
compound Hl H2 H3 Hq H5 H6 H7 H8 H9 H 10(-C-O H)
Ia 14.66 13.35 | 2.4 {7.63 |7.73 |7.0 S S —_ 10.47
Ib 4.6 2.2 2.4817.07 |7.18 |6.95 | 7.8 7.53 _— 12.6
i 3.35 [2.45 | — |6.81 [6.97 |67 |80 |75 | — —
Il 8.0 3.25 {2.35)17.9 (7.5 756 — | — —_ 13.0
IIb 7.9 3.2 2.3 [7.1 7.25 168 |7.8 |7.4 —_ 13.18
HC 4.26 | 1.9 — 17.13|7.23 )7.07 | 8.12 |7.57 — 13.75
IH —_ 1.9 2.5317.4 | — 7751 — —_ 6.7 14.68
IlIb — 2.2 2.68|7.15 | — | 6.25)17.99 |7.6 |7.34 l4.74
Il — — — {7844 | — |69 |82 |7.7 |7.51 13.55
[Va — — 2.5 |7.52 ] — — _ —_ _— 14.98
[Vb —_ 3.52 | 2.2 |6.43 | — — 17951762 )| — 8.2




