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Abstract

In this work, we presented a study of the structural formula for a new series of
complexes with Ag(l), Cu(ll), Zn(Il), and Cd(ll) derived from the guanine azo dye
ligand 2-amino-8-((3-hydroxyphenyl)diazinyl)-1,7-dihydro-6H-purin-6-one (HAG),
which is investigated using various physicochemical analyses, spectroscopic
technigues (FT-IR, U.V-VIS, and 'H NMR), thermogravimetric analysis (TGA). In
addition, elemental analyses, magnetic susceptibility, and molar conductance
measurements were all stabilized. As well as the mole ratio, stability constant, and
Gibbs free energy were studied for all complexes, where they showed high stability
and spontaneous synthesis. The Cu(ll) complex was suggested to have octahedral
stereochemistry, while the Ag(l), Zn(Il), and Cd(ll) complexes were suggested to
have tetrahedral stereochemistry. The ligand has been demonstrated to be a useful
acid-base indicator, and it has been shown that the ligand (HAG) and its complexes
exhibit high photostability and have various colors that can be used to dye wool
materials.

Keywords: Guanine azo, Photostability, Physicochemical, Dye wool, Acid-base
indicator

i) oy ga AllaEnag 4 9)) NS AN b sy jacan

cibie i clle ¢ T Jald Gy olawd
Ghad) ¢ laz calam daals ‘YUL.J\ A (e LuaXl) (‘.\.u-\é

duadAl)

Cd(l) Zn(ll), Cu(ll), Ag(l) chsiaall (e saxs Aleded gl dnpal) dualys Liasd ¢ Jaall 120 4
dihydro— (HAG) 2-amino—-8—((3—hydroxyphenyl)diazinyl)—1,7 ) ouls€ 1Sl (o aiiiia
FT-IR) Gnu\ Jaball by 5 Aiba g 3adll cBldanl) aladiuly 4asd 5 g 6H-purin-6-one],
i) s el 23 cclly ) ALyl L (TGA) ansh ghadl sl ¢ ('H NMR 5 UV-VIS
s 5 Audpall Bl Ay S 5 L Aulsal) Aleasal) Sluld 5 chspalin)l RLEI 5 ¢ ealiall 245
Siea L SGE layast 5 Adle ahiinl Coehl Cus el aanl Ball Gaus A8l 5 )Y
=l GEhl S agd Ag(1),Zn(11),CA(ll) clsies iy zshadl ila el JSa) ACu(ll)
i) gl dilsine 5 4 LS 52218 —mala s sl iy o) A0 4l SIS o) ang 31 L glacd)
sl agilsly Gy g Ladadl) Aol A2 bl § LualS Janll 5 BLE 5 dle Afgn

*Email: asmaa.idrees1205m@sc.uobaghdad.edu.iq

6119


mailto:asmaa.idrees1205m@sc.uobaghdad.edu.iq

Fadhil and Abbas Iragi Journal of Science, 2023, Vol. 64, No. 12, pp: 6119- 6134

1. Introduction

Guanine is an organic compound that belongs to the purine group, which is made up of a
fused pyrimidine-imidazole ring system comprising carbon and nitrogen atoms. Azo dyes make
up most dye chemistry production today, and in the future, their relative importance might
increase. They are necessary for developing the printing and dye markets. These dyes are
produced using a simple coupling of the diazotization process. A number of changes and
detours are taken in order to achieve the desired results. Greater dispensability, yield, and dye
particle size are important dye characteristics. Azo dyes provide more than 60% of the colors
used in contemporary dyes [1]. The majority of industrial colors-roughly 70% are synthetic azo
dyes. These substances are distinguished by the functional group (-N=N-) connecting
symmetrical or asymmetrical fragments. Azo dyes are utilized as a more important material for
the textile and printing industries that disperse colors. Additionally, they have been used in
various fields, including electro-optical devices, liquid crystal displays, nonlinear optics,
cosmetics, food coloring, acid-base indicators, and polymers [2]. The study aims to synthesize
and characterize a new ligand (HAG) and its complexes with Ag(l), Cu(ll), Zn(I1), and Cd(ll),
as well as to investigate its ability to dye cotton fabric. Acid-base indicators and photostability
were investigated.

2. Experimental
2.1. Materials and instruments

All chemicals were purchased from commercial sources and used without additional
purification unless stated otherwise. Elemental microanalysis of the HAG ligand were recorded
on a Eure EA 3000 Elemental Analyzer. The pH values of the samples were measured using
HANNA instruments. The FT-IR spectral data were recorded using a Shimadzu 8400s
spectrophotometer. The UV-Vis spectral data were recorded using a Shimadzu 1800 UV-Vis
spectrophotometer. *H NMR spectral data were recorded using a Bruker AV400 Avance-IlI
spectrometer. Thermal gravimetric analysis (TGA) was utilized to measure the metal content
of the synthetic ligand and complexes by SDT, Q600 V20.9 Build. Melting points are
uncorrected and were recorded in open capillary tubes using a Gallenkamp instrument. The
molar conductance of metal ion complexes was examined at 10-3 M in deionized distilled water.
The Mohr method was used to determine the chloride concentrations in the complexes. The
magnetic susceptibilities of the complexes were assessed at room temperature using a Sherwood
scientific auto-magnet susceptibility balance model.

2.2. Synthesis of 2-amino-8-((4-chloro-3-hydroxyphenyl)diazinyl)-1,7-dihydro-6H-purin-6-
one)ligand

To a solution of 4-amino-2-chlorophenol (2.23 g, 0.01 mol) in EtOH (30 mL), concentrated
acetic acid (4 mL) was added at 0-5 °C [2]. A cooled solution of sodium nitrite (0.83 g, xx mol)
in water (25 mL) was slowly added to the reaction mixture with stirring at 0-5 °C. The solution
of diazonium salt was then added to a cold solution of guanine (1.94 g, 0.01 mol), which was
dissolved in an ethanolic NaOH solution (14 mL, 10%). The resultant mixture was neutralized
to pH 5-6 by either adding acetic acid or sodium hydroxide. The colored precipitate was filtered,
washed with water: ethanol (1:1) , then collected and dried. The preparation method of an azo
ligand is shown in Scheme 1 [3]
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Scheme 1 : The synthesis of the HAG ligand

2.3. Metal complex synthesis

All new complexes were synthesized in a mole ratio of M:L (1:1), except (Cu-HAG), which
had a mole ratio of 1:2. The HAG ligand (0.306 g, 1 mmol) was dissolved in a minimal amount
of deionized distilled water (Scheme 2). The ligand solution was gradually added to the
appropriate aqueous solution of metal salts [AgNOs (0.1698 g, 1 mmol), ZnCl, (0.1362 g, 1
mmol), CdCl (0.183 g, 1 mmol), or CuCl,.6H20 (0.8524 g, 0.5 mmol)] in deionized distilled
water. The reaction mixture was then heated to reflux for 3 hours, and the reaction was
monitored by TLC using a mixture of solvents (0.8 mL of methanol, 1.2 mL of ammonia, and
4 mL of butanol). The solid crude material was filtered after washing the mixture with a mixture
of deionized distilled water and ethanol. The physicochemical properties of the HAG ligand
and its complexes are listed in Table 1 [4].
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Scheme 2 : The synthesis of HAG complexes
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Table 1: Some physical and chemical properties of the HAG ligand and its complex

HAG(Cu:N7H100:Cl) Brown ] 1 4608 4 8569
306.76 339.00 4801 4712 3612 8.325
2 7

[Ag(HAG)(H,0):]NOs.2H  Yellowis 2522 ledeeziam Uz
20 hbrown ., 557 25572 g'ggg 19810 21052 12254

548 58 44700 T ' : : ' :

6 0 1 7

37.33 27.19
[CU(HAG)Cl;].H;0 Green " 0 3240 5 8910 9.950
784.06 507.00 12 6 3700 3365 2748 8852 9025
3 7

vellowic 31.42 2200 1538 16.70

[Zn(HAG) Cl 0 [SIoWe 5 2501 5 1 0
461.14 HERNE 2 3101 2519 2302 1502 1625

346.00

2 4 5 1
Vellowis 26.61 1921 2290 14.47

[CdHAG) Cbl2H0  [TOWS 1 3019 0 0 0
526.47 ' S 2600 3153 1997 2254 14.36

418.00 A ; : ;

3. Result and discussion

All the synthesized compounds are stable across moisture, non-hygroscopic, and have bright
colors. The structural formulae of the azo ligand and its metal complexes were confirmed by
utilizing different physicochemical and spectroscopic techniques such as elemental analysis
(C.H.N and M), molar conductivity, FT-IR, *H NMR, UV-Vis spectroscopy, magnetic
magerment and thermal analysis. The elemental analysis and analytical results for metal
complexes confirmed the formation of a M:L (1:2) mole ratio for the Cu(ll) complex and were
consistent with their suggested molecular formula, whereas the other complexes (M:L) have
the mole ratio (1:1). By studying the molar conductivity of the complexes, it was found that all
complexes are non-electrolytes, except for the silver complex, which has a 1:1 electrolyte
(Table 1). The mole ratio approach, which was used, is the most common method for
determining the composition of a complex in solution. The solutions were prepared at a
concentration of 10* M. Figure 1 depicts the procedure and the locating outcomes, and Table
2 presents the data on the results.
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Figure 1: The mole ratio of HAG ligand and its complexes

Table 2: HAG-Metal ion solution absorbance vs mole ratio

HAG-Ag HAG-Cu HAG-Zn HAG-Cd
447 600 334 418
0.088 0.134 0.019 0.796
0.306 0.092 0.018 0.841
0.363 0.068 0.141 0.947
0.361 0.074 0.261 0.981
0.356 0.077 0.242 0.964
0.369 0.094 0.248 0.962
0.358 0.178 0.275 0.979
0.364 0.167 0.283 0.998
0.366 0.177 0.304 0.987
0.375 0.159 0.289 0.974
0.369 0.184 0.297 0.984
0.365 0.193 0.298 0.996
0.375 0.205 0.296 0.964
0.374 0.178 0.302 0.975
0.389 0.189 0.291 0.987
0.395 0.201 0.305 0.996

Spectrophotometric analysis can be used to estimate the stability constant [5]. The following
formula was used to calculate the stability constant for Cu(ll) complexes:

1 o where o e — A5
K = —41::(:’(:_‘ Alll

Where: o = The mole fraction of the reactant that submits dissociation is equal to the degree
of dissociation.
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As = the absorption of a solution with a stoichiometric (1:1) ratio (M: L).

Am = A solution's absorption, including excess ligand.

C = The mole/L concentration of the synthesized solution.

The stability constant for complexes Ag(l), Zn(ll), and Cd(ll) at a 1:1 ratio, on the other hand,
was calculated using the following equation [6]: o Q=

According to the findings in Table 3, the stability is as follows, in ascending order:
[Cu(HAG).CI2].H2O > [Cd(HAG)CI2].2H20 >  [Ag(HAG)(H20)2]NO3z..H.O >
[Zn(HAG)CI2].H:0

The thermodynamic coefficient of AG (Gibbs free energy) was obtained from the equation
below [7]: AG=-RT InK

Where: R is the gas's constant, and it is 8.31 J. mole®. K (T) is the temperature (Kelvin). The
formations we obtained from G indicate that all complexes are synthesized spontaneously.

Table 3 : The behavior of the thermodxnamic parameters of AG !Gibbs free energy)

110.7*10° 16.220 -40119.49
0.074  0.167  0.556 649*10° 17.988 -44492.40
0.261  0.283  0.022 337.13*10* 15.030 -37177.20
0.981 0998 0.115 386*10° 17.468 -43207.23

3.1. Thermogravimetric analysis (TGA)

The thermal behavior of the synthetic HAG ligand and its complexes is explored in Figure
2. Table 4 lists the estimated and discovered phase mass losses. In the four exothermic phases,
the ligand HAG breakdown occurs in the 50-800 °C range. The first stage of decomposition
occurs between 25 and 100 °C, resulting in a weight loss of 12.13%. The second stage occurs
between 100 and 310 °C, resulting in a weight loss of 19.80%, and the third stage occurs
between 310 and 400 °C, resulting in a weight loss of 8.958%. The final step of disintegration
begins between 400 and 800 °C (25.39% weight loss) (as recommended in Figure 2A). In the
case of [Ag(HAG)(H20)2]NO3.2H20 complex breaks down in the five stapes (Figure 2B). The
initial stage of decomposition begins at 25 to 90 °C, resulting in a weight loss of 3.642%
decomposed of water. At 90-249 °C, the second stages of breakdown were noticed (9.527%
weight loss). Decomposition begins in its third stage at 249-390 °C (13.78% weight loss),
moves to a range of 390-760 °C (25.22% weight loss) in the fourth stage. In the last stage (760-
800 °C), the weight decreased by 44.13%. The chemical compound [Cu(HAG).Cl;].H20, in
contrast, breaks down into seven different components (Figure 2C). With a weight loss of
3.202%, the first stage of decomposition begins between 25 and 62 °C. The second stage of
decomposition was recorded between 62 and 200 °C. Decomposition begins in its third stage
between 200 and 400 °C (9.47% weight loss). In the fourth stage (400-500 °C), it was lost
10.79% of the weight. The fifth stage (weight loss of 19.30% at 500-625 °C). The sixth stage
loses weight by 13.13% between 625-700 °C and 19.19% between 700-800 °C during the final
stage of disintegration [6]. The Zn(HAG)CI2.H20 complex is divided into five stapes (Figure
2D). At 25 to 60 °C, the first stage of decomposition begins, and a loss of 1.626 pounds results.
The second stage of breakdown (14.17% weight loss) was noticed between 60 and 400 °C.
Decomposition begins in its third stage between 400 and 475 °C (6.80% weight loss). Starting
at the range 475-600 °C, the fourth stage lost weight by 10.51%, and the last stage reached 600-
800 °C (weight loss of 22.0%). Considering Cd(HAG) Cl.. 2H20 in five states, the complex
breaks down (Figure 2E). At 25 to 85 °C, the first stage of breakdown begins, resulting in a

6124



Fadhil and Abbas Iragi Journal of Science, 2023, Vol. 64, No. 12, pp: 6119- 6134

weight loss of 2.74%. The second stage of disintegration (5.24% weight loss) was seen between
85-220 °C. During weight loss of 220-400 °C (10.44%), the third stage of breakdown begins.
At the range from 400 to 560 °C, the fourth stage started, losing weight by 11.93%. The final
stage at 560-800 °C (weight loss of 27.69% [7]. The HAG ligand and its complexes (thermal
stability) are reduced in the following order: [Zn(HAG)CI2].H2O (44.84%) >
[Ag(HAG)(H20)2]NO3.2H20 (44.13%) > [Cd(HAG)CI.].2H20 (41.4%) > HAG (33.74%) >
[Cu(HAG)2 Cl2].H20 (14.59%).

Table 4 : TGA of HAG ligand and their complexes

Calculate  Found

d (%)
(%)
C11H10N70, Cl 1 25-100 HsCl 12.16 13.10
306.76 2 100-310 CsHs 19.80 20.79
3 310-400 C2 7.82 8.958
4 400-800 CaN; 24.77 25.39
Residu >800 N5O2 33.25 33.74
e
AgCi11H17N706 1 25-90 H.0 3.281 3.287
Cl 2 90-249 3H,0 9.47 9.86
B 3 249-390 CaH.Cl 1376  13.78
4 390-760 CsNsHs 25.88 26.11
5 760-800 N 3.82 2.75
Residu >800 Ag. N4 Os 43.80 44.52
e
1 25-62 2H,0 4.25 3.202
2 62-200 10H Cl, 10.33 10.20
C”CZZHf“N“OﬁC 3 200-400 5H Cl,. 9.82 9.47
7843’_06 4 400-500 5H C; 11.35 10.90
5 500-625 Ci 18.36 19.30
6 625-700 Cs Ns 13.51 13.13
7 700-800 Ng O, 18.65 19.19
Residu >800 CuO2 N 13.97 14.59
e
1 25-60 0.3H.0 1.40 1.30
2 60-400 0.7H,0. 15.15 15.35
5H. 1.5CI
ZnC11H12N705Cl 3 400-475 cl 7.69 7.72
4613_14 4 475-600 0.5Cl. 2C 9.10 9.02
5 600-800 Cs Hs 22.33 21.53
Residu >800 ZnN; O, 44.32 45.10
e C
1 25-85 H.0 3.41 3.42
CdC11H13N70.Cl 2 85-220 H.0 .0.5Cl 6.11 6.80
525_ = 3 220-400 Clis 10.14 10.13
4 400-560 Cl.Cis. Hs 12.05 11.13
5 560-800 Co5 Ha- 27.12 26.45
Nis
Residu >800 Cd O, 42.43 42.05
e Ns 5
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C

e [*C

Figure 2 : Thermogram A of the HAG ligand, thermogram B for [Ag(HAG)(H20)2] NOz.2H20,
thermogram C for [Cu(HAG).Cl;], thermogram D for [Zn(HAG)CI].H.O, thermogram E
for[Cd(HAG) Clz].2 H20 complex

3.2. FT-IR spectroscopy

FT-IR can help predict the binding mode for the HAG ligand with the metal ions in the
complexes that have been generated. For identification, the FT-IR spectra of all synthesized
metal ion complexes and the HAG ligand were contrasted. The spectra of the complexes
showed absorption bands back to the ligands, with some variations because of the chelating.
Table 5 summarizes the principal bands for the HAG ligand and its metal complexes. Figure 3
shows the highest number of moieties vibrations using the Csl disk. The following points
summarize the most important information about the linkage between the metal ion and the
ligands and the accompanying changes: The bands at 1573 and 1562 cm™ in the HAG ligand
spectrum are associated with C=N in the imidazole ring for guanine. This band's structure and
position changed because of its coordination with the metal ion. The bands of O-H, N-H, and
C=0 [3] were unaffected in the complex spectra (Table 5). Suggesting that no chelating
occurred via these moieties [8,9], however, small alterations in location or form were
occasionally attributed to a decrease or increase in resonance because of chelating [10,11]. The
azo compounds' distinct feature bands (N=N) [12]. This band appears at 1413 cm™ in the
spectrum of the HAG ligand. However, the stretching absorption of C-N=N-C at 1373 and 1342
cmL. The posture and intensity of these bands are minified in the complex spectra by chelating
[13,14]. Several additional bands that were not present in the free-ligand spectrum were
discovered. However, the most noticeable changes occurred in the 405-622 cm™ range. These
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bands, which appeared in this region may be related to the stretching absorptions of M-Nazo, M-
Nimidazole), and M-Ow20. This will support our results regarding the chelation sites of the ligands
with metal ions, and from the above, we conclude that the HAG ligand acts as a neutral N,N-

bidentate ligand forming penta- chelating ring [15,16].

Table 5 : FT-IR spectral data (v, cm™) bands of HAG ligand and their complexes w: weak,

br: broad, s: stron

347 3288
2 3170
m d

343 3182
3 3110

332 d
8
d

343 3193
5 3112

335 d
3

d-br

344 3220
7 3197
b d
334 3178
0 3118
W d-w

1695 1573
1672 1562 d
d
1699 1544
1654 w
1616
t
1695 1612
1674 1564
d D
1699 1610
1670 1568
d D
1697 1560
1674 M
d

141
3

148
7
145
8
d
141
5
137
7
d
146
0
141
9
137
5
147
5
145
8
141
7
t

, t: triple, m: medium, d: double, vw: very week.

1375

609

605

601

622
605
d-w

514

503

500

325

415.
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U Cad)!

Figure 3: FT-IRspectra of the (A) HAG ligand (B) [Ag (HAG) (H20)2]N0O3.2H.0 (C)
[Cu(HAG).CI7] (D) [Zn(HAG) Cl;].H20 (E) [Cd(HAG) Cl2].2H20 complexes

3.3. 'H NMR spectroscopy
The H NMR spectral data of the HAG ligand in DMSO-d6 solvent (Figures 4) [17,18] are
listed in Table 6 [19]. The signal at 2.50 ppm belongs to the deuterated DMSO solvent [20]

HAGH >N ® % ® = @ T 2 & @
ki 3 = z =1 o b =
)\ i I i I i [ | [Foo0
_—
1N
& N Feo0
o /
HN
N,
X L
S | 700
- — - - -
[Fe00
et}
HO
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[Fa00
‘ [-300
, |‘ 200
! I | 100
|
J [
I
| L/ PN | /
S S I N — A A A I Y I S— |
i 2 g = 8 3§ i = El
T T T T T T T T T T T T T T T T T
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11 foom)

Figure 4: *H NMR spectrum of the HAG ligand
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Table 6 : *H NMR spectral data (I, ppm) of the HAG ligand

6.62-7.02

3.4. The electronic spectrum of the HAG ligand and its complexes and the magnetic properties

The electronic spectrum of the HAG ligand in water [10* M] with a range of 280-1100 nm
is given in Figure 5. There are two bands: the first band (m — m %) at (293 nm, 34129 cm™) has
been linked to the intramolecular transition of heterocyclic and aromatic moieties [21]. The
second band was observed at 339 nm - 29498 cm? (r—n*), which was attributed to an
intramolecular charge transfer that occurred via the carbonyl and azo moieties. Sharp absorption
bands in the electronic spectra of the diamagnetic (d*°) Ag(l), Cd(ll), and Zn(I1) complexes
(Figures 5B, D, and E) were identified as the charge transfer CT [22,23]. The electronic spectra
of the [Cu(HAG)2Clz] H20 complex (Figure 5C) are v! = [?Big— 2A1g] (904 nm, 11061 cm™)
and v? = [°B1g— 2Bzg] (798 nm, 12531 cm™). The charge transfer occurred at 597 - 16750 cm’
! while v® = [°B1g— 2Eg] was concealed beneath this band. This is a defining feature of a
distorted octahedral because of the Jahn-Teller distortion (Dan). The magnetic moment is 1.33
B.M.

Aba

oo
w00 220,00 602,00 200,00 W00 110000

s
o
»
]
&

oo

Figure 5 : The electronic spectra for HAG Iigand_(A), [Ag(HAG)(H20)2]NO3.2H.0 complex
(B), [CU(HAG):CIl2] complex (C), [Zn(HAG) Cl2].H20 complex (D), [Cd(HAG) CI2].2H20
complex (E)
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Table 7: The data of the spectrum of UV-Vis for HAG ligand and their complexes

293 34129 T = T* = =

339 29498 T—T*

467 22371 CT sp® Tetrahedral
904 11061 2B1g— 2A10 spid? Distorted
798 12531 Big —2B20> octahedral
597 16750 CT

334 29994 CT sp® Tetrahedral
418 23923 CT sp? Tetrahedral

3.5. Dying performance

The effectiveness of the HAG ligands' complex dyes on wool was examined. Most protein
filaments that make up wool fibers have complex structure amino groups and are called keratin.
It has the general formula [H2N.CHR.COOH], where R is an independent chain with a distinct
character, and is composed of lengthy polypeptide chains with 18 different amino acids. The
bridges are composed of cysteine and connect chains [24]. These theories provided a holistic
explanation strictly in terms of the ionic theory [25], the mechanism of wool dyeing under acidic
conditions, interactions with the fibers’ positively charged amino groups, and the colored
anions with a negative charge [26]. The placement of the substituted present, the diazotized
chemical, and the outcomes cause differences in the tones of the azo dye textile. Grayscale tests
were performed on the complexes chosen for color fastness and standing time. The replicas
were colored with a fixative, the color fastness of the fabrics was evaluated during washing
using soap powder (2%) at 260 °C for 30 minutes, and the responsiveness was excellent to
water (Table 9). The HAG ligand and its complexes have various colors when used for dying
wool fiber (Figure 8).

HAG HAG 1 HAG2 HAG 3

HAG 4

Figure 8 : The dying of HAG ligand and some of their complexes (HAG = Ligand, HAG1 =
[Ag(HAG)(H20)2]NO3.2H2.0, HAG2 = [Cu(HAG)2Cl;].H20, HAG3 = [Zn(HAG)CI:].H20,
HAG4 = [Cd(HAG) Cl2].2H20

Table 9 : Dxing EroEerties

Acceptable on grayscale
Green 3 3 Acceptable on grayscale

Where the values 4-5 are good, 3 is moderate, and 1-2 are not good. According to woolen textile
standard No. 3616
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Table 10 : The data of acid-base titrations of HAG ligand

5.0 (HCI) . - Yellow Colorless

5.0 (ACOH) - Yellow Colorless

5.0 (HCI) : Yellow Light-yellow
5.0 (ACOH) - 5.0 Light-yellow Light-yellow

3.6. Azo dyes as acid-base indicators

The organic dyes with distinct colors in solutions with different pH values are known as
acid-base indicators. They are frequently used in acid-base titrations to establish the
equivalency point. When the pH changes, they exhibited a striking color change. Due to their
capacity to alter color in response to pH, azo dyes are the most widely used chemical molecules
as acid-base indicators [27,28]. As a result, acid-base titrations were used to test this feature in
all azo dyes . All synthetic azo dyes exhibited reversible and abrupt color changes when
transitioning from an acidic condition to a basic condition or vice versa. They also possessed a
stable color in both acidic and basic solutions. Each azo compound accurately identified the
endpoint. Table 10 shows the data of acid-base titrations that are used to assess the indicator
property of azo dyes that should be included. Figure 9 displays the hues of azo dye solutions in
both acidic and basic environments.
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Figure 9: The change in the color of azo ligand (HAG): A = HCI with NaOH B = ACOH with
NaOH, C = HCI with NaHCOg3, D = ACOH with NaHCO3

3.6. Photostability

By dissolving the HAG ligand in water at a concentration of (10*M) and subjecting them to
ultraviolet (UV) radiation for two hours at room temperature, their photostability was examined
(Table 11). The photostability was calculated [15,29] using the difference between the initial
absorbance (i.e., before irradiation and the final absorbance to the beginning absorbance). The
following findings were obtained from the photostability test:
HAG > [Cu(HAG), CI)].H.O > [Cd(HAG)CI;].2H.O > [Zn(HAG)CI].H:0 >
[Ag(HAG)(H20)2]NO3.2H20
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Table 11: The photostability data of HAG ligand and its complexes

0 2.111 5.49
10 2.109
20 2.108
30 2.107
40 2.105
60 2.105
75 2.103
90 2.100
105 2.100
120 1.995
0 0.385 1.03
10 0.379
20 0.378
30 0.377
40 0.378
60 0.378
75 0.378
90 0.380
105 0.380
120 0.381
0 1.950 1.19
10 1.945
20 1.944
30 1.942
40 1.943
60 1.944
75 1.940
90 1.939
105 1.933
120 1.927
0 2.017 1.09
10 2.017
20 2.017
30 2.010
40 2.009
60 2.011
75 2.011
90 1.998
105 1.996
120 1.995
0 1.750 1.14
10 1.741
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20 1.737
30 1.740
40 1.740
60 1.740
75 1.739
90 1.739
105 1.735
120 1.730

4. Conclusion

Different spectroscopic techniques are used to characterize and study Ag(l), Cu(ll), Zn(Il),
and Cd(Il) complexes that are formed from the HAG azo ligand (2-amino-8-((4-chloro-3-
hydroxyphenyl)diazenyl)-1,7-dihydro-6H-purin-6-one). The complexes formed at different
stoichiometric rates. All have tetrahedral geometry with the exception of the Cu(ll) complex,
which has a distorted octahedral structure, and the ligand acts as a bidentate ligand. It can also
be used as an indicator for the titrimetric assay in both strong acid/strong base and weak
acid/strong base titrimetric analyses. The ligand and its complexes have various colors
confirmed to be used to dye wool fabrics. The ultraviolet protection factor's findings support
the material's excellent UV absorption capacity to support various analytical works in teaching
and research laboratories, which remains our goal.
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