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ABSTRACT 
 
Syntheses of alloxan, carmine, naphthol yellow S and hematoxylin complexes have been reported. Elemental 
analysis of the prepared metal complexes, structural investigation of the complexes to know their geometries and 
mode of bonding based on: Infrared, electronic spectra and magnetic susceptibility, ESR study of copper complexes 
were studied. Some theoretical studies were carried out to obtain the charges, bond length, bond angles, and 
dihedral angles of the studied ligands, where the chemical potential, electronegativity, hardness and softness are 
determined, using hyperchem program. All the iron, cobalt and nickel complexes are with octahedral geometry, 
except Co-alloxan complex is with Td geometry. However, the copper and cadmium alloxan complexes are with 
square planner geometry. The thermal properties of the studied complexes were examined. Molecular modeling of 
the ligands was performed using PC computer to give extra spot lights on the bonding properties of these 
compounds. 
 
Keywords: Alloxan, Carmine, Naphthol Yellow S, Hematoxylin, complexes, spectral investigation, thermal 
analysis. 
_____________________________________________________________________________________________ 

 
INTRODUCTION 

 
Alloxan drivatives are widely used to induce experimental diabetes in animals and the action mechanism in β cells 
of the pancreas has been investigated [1,2]. It inhibits pro-insulin synthesis in pancreatic islets [3]. Alloxan is a 
strong oxidizing agent and it forms a hemiacetal with its reduced reaction product dialuric acid (in which a carbonyl 
group is reduced to a hydroxyl group) which is called alloxantin [4]. They establish a redox cycle with the formation 
of superoxide radicals which undergo dismutation to hydrogen peroxide. Thereafter highly reactive hydroxyl 
radicals are formed by the Fenton reaction [1,2].  
 
Alloxan is an alter dentate ligand offering more than one equivalent coordination site, where always a rearrangement 
is possible in which the metal is transferred from one site to another. This can be either an inter- or intramolecular 
process. The rearrangement is kinetically controlled by the activation energy and entropy on the reaction path. The 
free energy difference is zero by definition if the coordination sites are equivalent [5,6]. Alloxan can coordinate with 
several types of structures [7,8]. Purity and morphology of the complexes obtained were studied by SEM. The 
obtained SEM micrographs allow verifying that the complexes are well formed amorphous shapes[9]. 
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Naphthol yellow S (flavianic acid disodium salt) is used as yellow colorant for cosmetics of dyeing hair, can 
decompose and burn spontaneously in the producing process. The prediction results by the Computer Program for 
Chemical Thermodynamic and Energy Release Evaluation (CHETAH) suggest flavianic acid hydrate (the former 
production of flavianic acid disodium salt) and flavianic acid disodium salt have high rank of maximum heat of 
decomposition and fuel value-heat of decomposition. The rank of explosive hazard for flavianic acid disodium salt 
was II by the Differential Scanning Calorimetry (DSC) and Pressure Vessel Test (PVT) according to the evaluation 
method in the Japanese Fire Service Law. The Accelerating Rate Calorimeter (ARC) demonstrates particle size 
difference that has no significant effect on the thermal stability of flavianic acid disodium salt. Compared with 
flavianic acid, disodium salt, flavianic acid hydrate had low thermal stability [10].  
 
Hematoxylin stains has been used for at least a century and are still essential for recognizing various tissue types and 
the morphologic changes that form the basis of contemporary cancer diagnosis. Hematoxylin has a deep blue-purple 
color and stains nucleic acids by a complex, incompletely understood reaction. In a typical tissue, nuclei are stained 
blue, whereas the cytoplasm and extracellular matrix have varying degrees of pink staining. Well-fixed cells show 
considerable intranuclear detail. Nuclei show varying cell-type- and cancer-type-specific patterns of condensation of 
heterochromatin (hematoxylin staining) that are diagnostically very important. If abundant polyribosomes are 
present, the cytoplasm will have a distinct blue cast. The Golgi zone can be tentatively identified by the absence of 
staining in a region next to the nucleus. Thus, the stain discloses abundant structural information, with specific 
functional implications. A limitation of hematoxylin staining is that it is incompatible with immunofluorescence. It 
is useful, however, to stain one serial paraffin section from a tissue in which immunofluorescence will be performed. 
Hematoxylin is useful as a counterstain for many immune histochemical or hybridization procedures that use 
colorimetric substrates [11]. Photoswitchable fluorescent probes have been used in recent years to enable super-
resolution fluorescence microscopy by single molecule imaging [12-14]. In our laboratory, Masoudet al studied the 
chemistry of nucleic acid constituents and their complexes [15-21]. The structures of the studied organic compounds 
are represented in Figure 1. 
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Alloxan (H2L1) 1,3-Diazinane-2,4,5,6-tetrone 

 
 
 
 
 
 
 
 
 
 

carmine (H9L2) 7-beta-D-glucopyranosyl-3,5,6,8-tetrahydroxy-1-methyl-9,10-dioxo-anthracene-2-carboxylic acid 
 
 
 
 
 
 
 
 
 
 

naphthol  yellow S (L3) Disodium 5,7-dinitro-8-oxidonaphthalene-2-sulfonate 
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hematoxylin (H5L4) 7,11b-Dihydroindeno[2,1-c]chromene-3,4,6a,9,10(6H)-pentol 
 

Figure 1. The structures of the studied ligands 
 

EXPERIMENTAL SECTION 
 

Ligands: 
The selected ligands [Alloxan (H2L

1), Carmine (H9L
2), Naphthol Yellow S (L3) and Hematoxylin (H5L

4)], and 
starting materials used in this work were obtained from Fluka, Sigma and Lobachemie companies and used without 
further purification. 
 
Complexes: 
All the complexes either simple or mixed were prepared in a similar manner. The required weight of transition metal 
chloride salt (Fe, Co, Ni, Cu, Cd) and the ligand were dissolved in different solvents (methanol, DMF, ethanol). The 
transition metal chloride solution was mixed with that of the ligand. The reaction mixture was refluxed for 5min, 
then cooled where a precipitate was formed, filtered then dried in an oven at ~ 90oC. The products were analyzed to 
be 1:1, 2:1 and 2:3 (M:L) molar ratio for simple complexes, while those of the mixed are with molar ratio 1:1:2 , 
1:1:1 (M:M`:L)and 1:1:1:1 (M:M`:M``:L). All complexes are with melting points higher than 300oC. However, all 
complexes were prepared in presence of ammonia except iron complexes. All solvents were of spectroquality grade 
and were used without purification. 
 
Instruments and working procedures: 
The metal contents were determined by atomic absorption technique at the central laboratory, Faculty of Science, 
Alexandria University. The metal contents were also determined titrimetrically with standard EDTA solution [22]. 
Carbon, Hydrogen, Nitrogen and Chloride contents were analyzed as usual. The infrared spectra of the ligands and 
their metal complexes were taken in KBr disc using Bruker -Tensor 37 (FT-IR system spectrum BX) covering a 
range from 400-4000 cm-1. Calibration of frequency reading was made with polystyrene film. The spectral studies in 
solution were measured using Double beam uv- visible spectrophotometry (Jasco-V.530) and Perkin Elmer (Lambda 
4B)covering the wavelength range 200-600nm and 190-900nm, respectively. 
 
X-band electron spin resonance spectra were recorded with JES- FE2XG- ESR Spectrometer (JEOL). The g-values 
were determined by comparison with DPPH (Diphenylpicrylhydrazide) signal. Molar conductivities of freshly 
prepared complexes (1X10-3M) in DMSO and ethanol were measured using (HANNA-HI8033 conductivity).Molar 
magnetic susceptibility corrected for diamagnetism using Pascal's constant, were determined at room temperature 
(298°K) using Faraday's method. The apparatus was calibrated with  HgCo(SCN) 4 [23]. The chem. office ultra 
2002 and hyper chem. computer program has been used to generate molecular modeling of the compounds and their 
complexes. The physical properties and analytical data for the ligands and the prepared complexes are represented in 
Table 1.   
 
Differential thermal analysis (DTA), thermogravimetric analysis (TG) and differential scanning calorimetry (DSC) 
were carried out using a LINSEIS STA PT 1000, TG- 50 Shimadzu and DSC- 60A Shimadzu. The rate of heating 
was 10 and 20oC/min. The cell used was Platinum, the atmospheric nitrogen was flowed over the sample at a rate 20 
cm3 min-1 and a chamber cooling water flow was 10 L-1 h-1.  
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RESULTS AND DISCUSSION 
 

Ir spectra of Alloxan and its complexes: 
The fundamental infrared bands of alloxan and its complexes are given in Table (2). By comparing of the infrared 
spectrum of the complexes with that of free ligand, it should be possible to determine the binding sites. The 
vibrational frequencies of coordinated functional groups (e.g ν OH, ν NH, ν N=C-O) are affected with different degrees. 
a) The band at 3430 cm-1 in the free ligand, assigned as νOH, undergoes a strong shift within a range of 3431-3465cm-

1in all complexes except in the copper-nickel complex that is disappeared. Such region identifies also the presence 
of hydrogen bond. 
b) Two bands at 3043 and 2809cm-1, are assigned to νNH [24]. They are disappeared in all complexes, indicating that 
the chelation occurs at NH group. 
c) The ν(C(2)=O) and the overlapped ν (C(4)=O), ν(C(6)=O) of free ligand appeared at 1767and 1708cm-1, respectively. The 
first band was assigned to the alloxan amide fragment (-NH-CO-NH-), and is disappeared in all complexes except in 
iron complex, where it splits to 1771 and 1762cm-1. The overlapped ν(C(4)=O), ν(C(6)=O) band is appeared in all 
complexes with a red shift, except in iron and copper-cobalt complexes is absent. It was assigned to asymmetric and 
symmetric vibrations of two ketone groups in positions 4 and 6 [25].  

 
Table (1) Physical properties and analytical data for compounds and the prepared complexes 

 

Complex M.wt Formula 
Calculated/ Found % 

C% H% N% M% Cl% 
Alloxan (H2L1)H2O 160.09 C4H2N2O4-H2O - - - - - 

[Fe(L1)(H2O)3Cl]2H2O 321.4 C4H10N2FeO9Cl 
14.9 

(15.2) 
3.1 

(3.3) 
8.7 

(9.1) 
17.3 

(17.6) 
11.04 

(11.12) 

[Co(L1)(H2O)2]3H2O 289.02 C4H12N2CoO9 
16.6 

(16.8) 
4.1 

(4.0) 
9.6 

(9.9) 
20.3 

(19.8) 
- 

[Ni(L 1)(H2O)4]3H2O 324.8 C4H14N2 Ni O11 
14.6 

(15.1) 
4.3 

(3.9) 
8.6 

(8.6) 
18.0 

(18.1) 
- 

[Cu(L1)(H2O)2]H2O 257.6 C4H6N2CuO7 
18.6 

(18.5) 
2.3 

(2.4) 
10.8 

(10.5) 
24.6 

(24.9) 
- 

[Cd(HL1)H2OCl]2H2O 342.9 C4H7N2CdO7Cl 
13.9 

(14.3) 
2.0 

(2.5) 
8.1 

(8.3) 
32.7 

(32.5) 
10.35 

(10.72) 

[CuCo(HL1)(H2O)3OHCl2]2H2O 441.3 C4H12N2CuCoO10Cl2 
10.8 

(10.6) 
2.9 

(3.4) 
6.3 

(6.4) 
14.4     13.3 

(14.2)   (13.2) 
16.08 

(16.45) 

[CuNi(HL1)2Cl2]5H2O 583.4 C8H14N4CuNiO14Cl2 
16.4 

(16.5) 
9.5 

(9.8) 
9.5 

(9.8) 
10.8      10.1 

(10.4)   (10.3) 
12.17 

(12.13) 

[CuNiCo(HL1)(NH3)4Cl4]6H2O 567.2 C4H26N6CuNiCoO11 Cl4 
7.3 

(7.2) 
12.7 

(12.9) 
12.7 

(12.9) 
9.6     8.9        8.9 
(8.9)   (9.3)   (9.4) 

21.60 
(21.73) 

Carmine (H9L2) 492.40 C22H20O13 - - - - - 

[Fe2(H7L2)2(H5L2)(H2O)4]6H2O 1760.9 C66H72 Fe2 O49 
44.9 

(44.5) 
4.1 

(4.5) 
- 

6.3 
(5.9) 

- 

[Co(H7L2)(H2O)4] 621.33 C22H26CoO17 
42.4 

(42.7) 
4.1 

(4.5) 
- 

9.4 
(9.4) 

- 

[Ni(H7L2)(H2O)4]2H2O 657.11 C22H30 Ni O19 
40.1 

(40.4) 
4.6 

(5.1) 
- 

8.9 
(8.8) 

- 

[Cu(H7L2)(H2O)2] 589.95 C22H22 Cu O15 
44.7 

(44.9) 
3.7 

(4.1) 
- 

10.7 
(11.2) 

- 

Naphthol yellow S (L3) 358.19 C10H4N2O8SNa2 - - - - - 

[Co2(L3)(H2O)6Cl2]2H2O 645.05 C10H20N2(Co)2O16SCl2 
18.6 

(18.5) 
3.1 

(3.4) 
4.3 

(4.1) 
18.2 

(17.8) 
11.0 

(11.3) 
Hematoxylin (H4L5)3H2O 356.28 C16H14O6-3H2O - - - - - 

[Fe(H3L4)(H2O)3Cl]4H2O 517.63 C16H26 Fe O13Cl 
37.1 

(37.1) 
5.0 

(5.1) 
- 

10.7 
(10.3) 

6.8 
(7.2) 

[Co(H3L4)(H2O)4]5H2O 521.21 C16H30CoO15 
36.8 

(36.4) 
5.7 

(6.1) 
- 

11.3 
(11.4) 

- 

[Ni(H3L4)(H2O)4]5H2O 520.99 C16H30Ni O15 
36.8 

(36.9) 
5.7 

(6.1) 
- 

11.2 
(11.2) 

- 

[Cu(H3L4)(H2O)2]3H2O 453.83 C16H22 Cu O11 
42.3 

(42.4) 
4.8 

(5.1) 
- 

14.0 
(13.5) 

- 

*The melting points for all complexes > 300oC. 
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d) νN=C-O, in all complexes exhibits one band at the range of 1622-1638cm-1. However, Cu-Ni complex exhibits two 
bands at 1636 and 1541cm-1.These bands are not detected in the free ligand, supporting the existence of the enol 
form during the complexation. Also, this is confirmed by the presence of νOH in the complexes. 
e) The bands at 1451 and 1397cm1 identified for the νNH in free ligand. The second band is appeared in all complexes 
with a red shift at 1400cm-1, whereas the first band is disappeared in all complexes except in Cu-Ni complex with a 
red shift at 1457cm-1. 

 
Table (2): Fundamental infrared bands of alloxan (H2L1.H2O) and its complexes 

 

Compound νOH νNH ν(C(2)=O) 
ν(C(4)=O), 
ν(C(6)=O) 

ν(N=CO) 
δNH 

 δOH νC=O νC-N νC-C 
δC=O 
δNH 

ν M- 

O ν 
M- N 

H2L1H2O 3430 
3043 
2809 

1767 1708 
- 
 

1451 
1397 

1365 1252 1170 
1038 
1021 

807 
781 
766 

- 

[Fe(L1)(H2O)3Cl]2H2O 3437 - 
1771 
1762 

- 1636 1400 - 1265 1162 - - 526 

[Co(L1)(H2O)3]3H2O 3433 - - 1728 1633 1401 - - 1153 1096 - 583 
[Ni(L 1)(H2O)4]3H2O 3431 - - 1723 1622 1400 - - 1161 1061 - 636 

[Cu(L1)(H2O)2]H2O 3435 - - 1737 1638 1401 - - 1155 - 779 
587 
509 

[Cd(HL1)H2OCl]2H2O 3465 - - 1725 1638 - 1359 1290 - 1066 783 524 

[CuNi(HL1)2Cl2]5H2O - - - 1717 
1636 
1541 

1457 1351 - - - - 617 

CuCo(HL1)(H2O)3OH2Cl] 2H2O 3431 - - - 1632 1400 1365 1290 1154 - 782 587 
[CuNiCo (L1)(NH3)4Cl4] 6H2O 3436 - - 1719 1636 1400 - 1293 1152 - - 580 

 
f) The band at 1365cm-1 is identified for the δOH in free alloxan. It undergoes strong shift within the range of 1351-
1365cm-1 in mixed copper–nickel, copper-cobalt and cadmium complexes, while it is disappeared in the others. This 
indicates the presence of the keto –enol tautomers. 
g) The band at 1252 cm-1 assigned to the νC-O [26] in the free ligand, undergoes a strong shift in the range of 1265-
1293cm-1 in the iron, cadmium, copper-cobalt and copper-cobalt-nickel complexes, while it is disappeared in the 
others. 
h) In the free ligand, νCNb and appeared at 1170cm-1, is disappeared in cadmium and copper-nickel complexes, while 
in other complexes, it exhibits a strong shift within the range of 1152-1162cm-1. 
i) The νC-C  27]bands of alloxan appeared at 1021and 1038cm-1, where the first band was absence in all complexes, 
and the second are observed only for Ni, Co, Cd complexes within the range of 1061-1096cm-1. 
j) Three bands at 766, 781, 807 cm-1 assigned to δC=O  δNH, are disappeared in all complexes except 781 cm-1 band is 
shifted in Cu, Cd, Cu-Co complexes. 
k) New intense bands appeared in all alloxan complexes in the frequency ranges 509-636 cm-1, are attributed to 
overlap the bands of νM-O and νM-N. 
 
The different modes of vibrations of the C=O and N-H groups leading to assume that the hydrogen bonding is a 
major importance. The separation in frequency for each group (e.g. carbonyl) reveals that the carbonyl groups 
exhibit different bond order. One of the carbonyl groups is polarized under the influence of the intramolecular 
charge transfer effect leading to a band with lower wave number while the second is not charged leading to another 
band at wavenumber, depending on the coupling between the characteristic vibrations of the carbonyl groups.   
 
IR spectra of Carmine and its complexes: 
The infrared spectral data for carmine and its metal complexes, Table (3), gave the following: 
a) One broad band appeared for carmine ligand at 3430cm-1, is assigned due to νOH  28,29], and appeared in all 
complexes, within strong shift in the range of 3408-3447cm-1. This indicated the interaction between the metal and 
the OH groups. 
b) The νCH band appeared in carmine free ligand and its iron complex at 2928 and 2929cm-1, respectively. But in the 
other complexes, the band is absent.  
c) Three bands at 1638, 1570 and 1470cm-1 are assigned toνC=CνC-C in free ligand. The first two bands in all 
complexes are shifted within the range of 1636-1653cm-1 and 1564-1568cm-1, respectively, while the third are 
absent in all the complexes. 
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d) The carmine ligand gave only one band at 1412cm-1, assigned to νCOOδOH. This band is split into two bands in the 
other complexes. This band is appeared in the range of 1401-1420cm-1in all complexes, but in Fe-complex, it is 
strongly blue shifted to 1392cm-1.Anew band is present in the Co, Ni and Fe complexes at higher frequencies within 
the range of 1313-1340cm-1. So, the OH group is affected on complexation or due to the existence of water 
molecule. 
e) The νOH bands appeared at 896 and 771cm-1 in carmine, while they are detected in Cu- and Fe-complexes at 
(895,778cm-1) and (896, 853, 772cm-1), respectively. But in cobalt- and nickel-complexes, these bands are 
disappeared. 
f) The δC=O bands in free ligand are observed at 667 and 616cm-1. The two bands appeared in all complexes except 
in Cu and Co complexes. The first band is unchanged, but the second is shifted within the range of 603-607cm-1. 
g) The νCO in the carmine is observed at 544 and 457cm-1. The first band is shifted in case of the nickel complex and 
disappeared in the other complexes. The second band is detected only in iron complex. 
h) The different modes of vibrations of C-C, C=C and CH are affected on complexation, probably due to that the 
aromaticity of the formed chelate differs from that of the ligand. 
i) New bands are appeared in all carmine complexes in frequency ranges 470-608cm-1, attributed to νM-O. 
 
IR spectra of Naphthol yellow S and its complex: 
The infrared spectra of naphthol yellow S and its complexes, Table (4), pointed to the vibrational frequencies of 
coordinated functional group (e.g. νSO3

-,νNO2, νS-O,νC-N) are affected with different degrees.    
a) TheνOH band is assigned at 3432cm-1, while in the corresponding cobalt-complex it becomes at 3436cm-1. The 
band at 3432cm-1 in free ligand attributed to adsorbed water. 
b) The intense bands at 1195, 1166 and 1148cm-1 in free ligand are assigned to the νSO

-3. They are present in its 
cobalt complex, but the third band is absent. 

 
Table (3): Fundamental infrared bands of carmine (H9L2) and its complexes 

 

Compound νOH νCH 
νC=C 
νC-C 

νC-OO 

δ OH 
νC-OH νOH νC=O νCO νM-O 

 
H9L2 
 

3430 2928 
1638 
1570 
1470 

1412 
- 

1290 
1079 
1046 

896 
771 

667 
616 

544 
457 

- 

[Fe2(H7L2)2(H5L2)(H2O)4]6H2O 3408 2929 
1653 
1564 

- 

1392 
1340 

1295 
1252 
1149 
1079 
1011 

896 
854 
772 

666 
603 

456 
- 

541 

[Co(H7L2)(H2O)4] 3447 - 
1636 
1568 

- 

1420 
1313 

1079 
- 

- - 
- 
- 

608 

[Ni(H7L2)(H2O)4]2H2O 3435 - 
1640 
1566 

- 

1403 
1315 

- 
1160 
1080 
1019 

- 
666 
607 

547 
- 

470 

[Cu(H7L2)(H2O)2] 3446 - 
 

1651 
1564 

1401 
- 

1262 
1078 
1012 

895 
778 

- 
 

- 
- 
 

606 
524 

 
c) Six intense bands are appeared at 1540, 1470, 1446, 1424, 1393 and 1358 cm-1 in the free ligand assigned to νNO2 
[30]. Some of them (1470, 1446, 1424 and 1358 cm-1) are unchanged during complexation, while the 1540 cm-1 
band  becomes 1525 cm-1

, 1393 cm-1 band is disappeared and a new band is appeared at 1302cm-1, indicating the 
involving one of the nitro group in complexation.   

d) The ligand gave intense bands at 1124, 1104, 1067, 1034, 1011, 980, 953, 921 and 898cm-1, are assigned to the 
νS=O. These bands are disappeared on complexation with Co(II) by coordinating through oxygen atom of the 
sulphonic acid group except those at 1104, 1034  980 cm-1 are remained.  
e) The different modes of vibrations of C-C, C=C and C-H are affected on complexation, probably due to that the 
aromaticity of the formed chelate differs from that of the ligand. 
f) The appearance of new intense band in complex in the frequency 433cm-1, is assigned toνM-O. 
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IR spectra of Hematoxylin and its complexes: 
The fundamental bands of H5L

4 (Hematoxylin) and its complexes, Table (5),illustrated that the vibrational 
frequencies of coordinated functional groups (e.g. νOH,νc=c, νOH) are affected with different degrees.  
a) The characteristic IR bands at 3521 and 3407cm-1 for the free ligand assigned to the νOH, the first band (3521cm-1) 
is disappeared in all complexes, indicating the involvement of the OH group in the complexation.  
b) Four bands at 2975, 2931, 2906 and 2869cm-1in the free ligand assigned to νC-H are disappeared in all the 
complexes, where that the aromaticity of the formed chelate differs from that of the ligand. 
 

Table (4): Fundamental infrared bands of naphthol yellow S (L3) and its complex 
 

Compound νOH of H2O νC=CνC-C ν NO2 νSO
3-νCN 

νS=O 
νS-O 

νC=C νC-H νNa-O νM- O 

 
4  

L3  
 

3432 

1639 
1606 
1289 
1223 

1540 
1470 
1446 
1424 
1393 
1358 

 

1195 
1166 
1148 

 

1124 
1104 
1067 
1034 
1011 
980 
953 
921 
898 

863 
809 

 

774 
722 
689 
660 
631 
616 

588 
510 
473 

- 

 
CoL3 

 
3436 

1632 
1605 
1217 

1525 
1470 
1448 
1425 
1359 
1302 

1195 
1167 

 

1104 
1030 
982 

866 
747 
724 
628 

514 433 

 
Table (5): Fundamental infrared bands of hematoxylin( H5L4 .3H2O ) and  its complexes 

 

Compound νOH of H2O νOH νC- H νC=CνC-C 
νC-OH 
νOH 

νCOH νC=C νOH νC=O νM- O 

 
H5L4 .3H2O  
 

3521 3407 

2975 
2931 
2906 
2869 

1720 
1642 
1508 

 
1478 
1324 

1289 
1234 
1085 
1034 

960 
939 
887 

827 
816 
801 

585 
528 
490 
445 
580 

- 

[Fe(H3L4)Cl(H2O)3].4H2O - 3459 - 
1637 

- 
- 

1398 
1297 
1051 

- -  564 

[Co(H3L4)(H2O)4].5H2O  3436 - 
1637 

- 
- 

1484 
1336 

1051 
- 

- - - 559 

[Ni(H3L4)(H2O)4]5H2O - 3419 - 
1635 

- 
- 

1488 
1399 
1317 

1227 
1074 

- - - 564 

[Cu(H3L4)(H2O)2].3H2O - 3436 - 
1630 
1569 

- 

1490 
1383 

1286 
1219 
1040 
1078 

- - 
690 
576 

512 
454 

 
c) TheνC=CνC-C bands are appeared in free ligand at 1720, 1642 and 1508cm-1. The first band is disappeared in all the 
complexes due to complexation, while the second one in all the complexes undergoes shift with the range of 1630-
1637cm-1. The third band is appeared only in case of copper complex, while in case of iron, cobalt, nickel 
complexes, it's disappeared.  
d) The νC-OHνOH modes of vibrations are detected at 1478and 1324cm-1in the free ligand. The first band is shifted in 
all the complexes within a range 1484-1490cm-1 except in Fe-complex, it disappeared. The second band undergoes a 
strong shift in all complexes with the range of 1317-1399cm-1due to complexation via hydroxyl groups. 
e) TheνCOH is detected at 1289, 1234, 1085 and 1034cm-1. The first are shifted in iron and copper complexes, and is 
absent in cobalt and nickel complexes. The second band is shifted in copper and nickel complexes, and disappeared 
in iron and cobalt complexes. The third band is shifted in case of copper and nickel complexes to 1078 and 1074cm-
1, respectively and disappeared in other complexes. The fourth band is red shifted in all the complexes except in 
cobalt complex which is disappeared. 
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f) Different modes of vibrations of C=C, C=O and OH are affected on complexation. 
g) New bands appeared in all hematoxylin complexes in the frequency range 454-564cm-1, attributed to νM-O 
 
Electronic spectral and magnetic susceptibility studies of Alloxan complexes: 
a) The electronic absorption spectra of the deep brown iron–complex, [Fe(L1) (H2O)3Cl].2H2O], in DMSO gave two 
bands at 270 and 375 nm. The first band is assigned to the (π→π∗) transition, while the last band assigned to CT 
(t2g→π∗) transition. These data pointed to the possibility of strong solute–solvent interaction. At room temperature 
µeff = 5.95B.M, suggests octahedral configuration in high spin state [31-34]. The molar conductivity value for 
complex in DMSO (1x10-3 mol) equals 0.002 ms/cm, where the anion exists in the inner coordination sphere. The 
structure of this complex is justified depending on bidentate nature of the alloxan through oxygen and nitrogen 
atoms with the presence of three water molecules and one chloride ion in the inner sphere, Figure 2. 
b) A great deal of interest has been devoted to the study of the electronic spectra of CoII, d7, salts and complexes. 
The ground state of the free Co (II) ion, d7, is 4F and the first excited state is 4P. In octahedral field, the ground state 
of Co (II) is three fold, 

4T1g, states, while in tetrahedral field; the non-degenerate 4A2 state is the ground state. In an 
octahedral field, two spin multiplicities are identified. The high spin complexes with 4T2g(F) ground state have the 
electronic configuration (t2g)

5(eg)
2 with three unpaired electrons. The low spin complexes with 2Eg ground state have 

configuration (t2g)
6(eg)

1 with only one unpaired electron [35]. The electronic absorption spectra of the violet cobalt-
complex,[Co(L1)(H2O)2].3H2O, in DMSO, gave two bands at 268 and 376nm, due to charge transfer transition, d-d 
transitions and to 4A2→

4T1(P) transitions of the Td symmetry [36,37].Its room temperature µeff = 4.36 B.M verified 
such geometry. The postulated structure of this complex is based on bidentate nature of the alloxan through oxygen 
and nitrogen atoms with two water molecules in the inner sphere and other molecules in the outer sphere, Figure 2. 
c) A large number of nickel complexes with coordination number from 4 to 6 are well known to give different 
geometries such as octahedral, tetrahedral, square planner and penta-coordinate. In cubic filed, the 3F ground state 
splits to singly degenerate 3A2 and triply degenerate terms 3T1 and 3T2. In addition, two spin-forbidden bands 
frequently observed at 770-909 nm due to 3A2g →

1Eg (D) and 3A2g → 1Eg (G) transitions. 
  
In an octahedral field, no contribution from spin-orbit coupling is expected and the measured moments are in the 
range 2.8-3.3 B.M, very close to the spin-only value. Values for octahedral complexes are slightly above the spin-
only that arise from slight mixing of a multiplet excited states in which spin-orbit coupling is appreciable [38].  By 
elongating one of the axis of an octahedral complex, the limiting structure of the complex will be a square-planar 
configuration. This structure automatically produces a diamagnetic nickel (II) complex. In a square-planar nickel (II) 
chelate, the separation of dz

2 and dx
2-y

2 orbitals is very large according to diamagnetism. The bands may hide under 
the charge transfer bands [39].The square-planar complexes are characterized by no electronic transition that occurs 
below 1000 nm. This situation arises as a consequence of the large crystal field splitting in a square planar complex. 
Sometimes bands are observed below this region that is believed to be vibrational in origin. The bands located at 
375 nm and 610 nm are assigned to be a typical octahedral geometry [40-43]. The presence of an additional weak 
bands at 710 and 760 nm, not observed with octahedral, are due to tetragonal distortion. The absence of a band near 
900 nm assigns the diamagnetic property and its existence indicates that the complex is of low-spin type. 
  
The electronic absorption spectra of the blue nickel–complex, [Ni(L1)(H2O)4].3H2O, in DMSO, gave different bands 
at 287, 398, 461nm, due to probable charge transfer (CT) transition nature and the d-d transitions, respectively. Its 
room temperature µeff = 4.48B.M gives an indication of the existence of octahedral configuration. Similarly 
bidentate chelation of the alloxan through oxygen and nitrogen atoms with the presence of four water molecules in 
the innersphere supported its structure, Figure 2. 
 
The electronic absorption spectra of the green copper–complex, [Cu(L1).2H2O].H2O, in DMSO,  gave two bands at 
266 and 358 nm. The first band is probably due to the charge transfer (CT), while the last band is mainly to d-d 
transitions. The µeff =1.95M.B at room temperature points to square planar geometry [44-46]. As given before, the 
proposed structure of this complex depends on bidentate chelation of the alloxan through oxygen and nitrogen atoms 
with the presence of two water molecules in the innersphere, Figure 2. 
 
e) At room temperature, the cadmuim complex [Cd(HL1)(H2O)Cl].2H2O,shows a diamagnetic behavior, indicating 
the square  planar environment around the Cd(II) ion. The electronic spectra of Cd(II) complex display different  
absorption bands in DMSO, at 268, 359, 386 and 464 nm. The first band is due to π-π* transitions, while the last 
bands are mainly to d-d transtions. The molar conductivity value for the complex in DMSO (1x10-3mol) equals to 
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0.003ms/cm. This confirms that the anion in complex is directly attached to the metal ion. The structure of cadmium 
complex proceeds in a similar manner to that of copper complex, Figure 2. 
 
f) The electronic absorption spectrum of the green copper–nickel complex, [CuNi(HL1)2Cl2].5H2O, in 
DMSO,recorded  three bands at 284, 397 and 462 nm.The first is probably due to the charge transfer (CT) nature, 
while the maximum bands at 397 and 462nm are assigned due to 3A2g(F)-3T1g (F) transitions. At room temperature 
µeffequals2.21M.B. However, the monomeric Cu- and Ni- complexes give room temperature magnetic moment 
values equal 1.95 and 4.48 B.M, respectively. One can suggest the presence of copper in the mixed complex to force 
the magnetic behavior of nickel to be diamagnetic rather than paramagnetic. The molar conductivity value for 
complex in DMSO (1x10-3mol) equals to 0.001ms/cm, which indicate the presence of anion inside the coordination 
sphere, Figure 2. 
 
g) The electronic absorption spectra of the green copper–cobalt complex [CuCo(HL1)(H2O)3OHCl2]2H2O, in 
DMSO, show three bands at 267, 343 and 400 nm, due to π-π* transitions, and d-d transtions, respectively,  with 
high spin state µeffvalueof4.46 M.B. On the other hand, the data of Co- and Cu-monomeric complexes are 4.36 and 
1.95 B.M, respectively. The mixed complex is nearly of magnetic moment value of that of monomeric cobalt 
complexes. This suggests that, the possibility of mostly Cu2+ is reduced to Cu+. The molar conductivity value for 
complex in DMSO (1x10-3mol) equals 0.001 ms/cm. This confirms that the anion in complex is directly attached to 
the metal inside the coordination sphere, Figure 2. 
 
h) The electronic absorption spectra of the bluish green copper-nickel-cobalt complex [CuNiCo (L1)(NH3) 

4Cl4]6H2O in DMSO, exhibt two bands at 270 and 400nm, due to π-π* and d-d transtions, respectively. However, 
the molar conductivity value of the complex in DMSO (1x10-3mol) equals 0.001ms/cm. The data of the mixed Cu-
Co-Ni- complex (total µeff =5.03M.B) compared to the monomeric Cu- , Co- and Ni- monomeric complexes with 
their µeff equal (1.95, 4.36 and 4.48 B.M), respectively, where Cu2+ is probably reduced to Cu+ and predominated 
cobalt exists, meanwhile nickel is forced by the environmental of the other component to be diamagnetic, Figure 2. 
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Figure 2. The structures of alloxan complexes 

 
Electronic spectral and magnetic susceptibility studies of Carmine complexes: 
a) The electronic absorption spectrum of the dark red iron–complex, [Fe2(H7L

2)2(H5L
2)(H2O)4]6H2O, in ethanol, 

shows one band at 211nm, assigned to (π→π∗) transitions. Its µeff at room temperature equals 5.93B.M, to support of 
Oh configuration of high spin state [31-34]. The structure of this complex is based on bidentate nature of the carmine 
through two oxygen atoms of OH group with four water molecules in the inner sphere, Figure 3. 
b) The electronic spectral patternof the dark red cobalt-complex, [Co(H7L

2)(H2O)4] and violet Ni(II)-complex, 
[Ni(H7L

2)(H2O)4]2H2O, display one band at 215 ±1 nm in ethanol,  assigned to charge transfer transition nature.  
Their magnetic momentvalues equal to4.96 and 3.12 B.M, respectively, to assign octahedral geometry around metal 
ion [47-50]. The structures of these complexes are based on bidentate chelation of the carmine through two oxygen 
atoms with existence of water four molecules in the inner sphere, Figure 3.  
c) However the dark red copper complex, [Cu(H7L

2)(H2O)2],in ethanol, exhibits one band at 217nm, is assigned to 
the (π→π∗) transitions. The complex has an effective room temperature magnetic value µeff (1.97B.M) of the square-
planar configuration[51]. The structure complex is justified depending on bidentate nature of the carmine through 
two oxygen atoms with two water molecules in the innersphere, Figure 3. 
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Electronic spectral and magnetic susceptibility studies of Naphthol yellow S complex: 
The green Co-complex, [Co2(L

3)(H2O)6Cl2]2H2O,in ethanol, display three absorption bands at 230, 296, and 333nm, 
due to transitions of charge transfer, d-d transitions and of 4T1g(F)→4T1g(P) [52] transitions, with high spin state. 
The µeff value of 4.95 B.M is attributed to octahedral geometry. The structure of complex depends on the bidentate 
nature of naphthol yellow S through two oxygen atoms of sulphonic group associated with two chloride atoms and 
two water molecules in the first site. In the second site, the metal is attached with four water molecules and two 
oxygen atoms, one of them from the nitro group. The molar conductivity value for complex in ethanol (1x10-3mol) 
equals to 0.002 ms/cm. The molar conductance value indicates that the anion exists inside the coordination sphere, 
Figure 4. 
 

S

O

NO2

O O

O
Co

NO

O

Co

H2O OH2

OH2H2O

H2O

H2O

.2H2O

Cl

Cl

 
[Co2(L3)(H2O)6Cl2]2H2O 

 
Figure 4. The structures of cobalt naphthol yellow S complex 

 
Electronic spectral and magnetic susceptibility studies of Hematoxylin complexes:    
a) The electronic spectra of black iron, cobalt and nickel complexes of hematoxylin[Fe(H3L

4)(H2O)3Cl].4H2O, 
[Co(H3L

4)(H2O)4]5H2O and [Ni(H3L
4)(H2O)4]5H2O, respectively, exhibit three bands at (326, 400 ,463nm), (256, 

287, 300nm) and (248, 325, 400nm), respectively. The bands at the 248, 256 and 287 nm are probably due to charge 
transfer transition, while the bands in range 300- 463 are attributed to charge transfer transition and to3A2g→

3T1g 
[53]. The complex gave room temperature µeff values of 5.93M.B, 5.06M.B and 4.98 M.B, typified the existence of 
Oh configuration of high spine state. 
 
The molar conductivity value for iron-complex in ethanol (1x10-3mol) equals 0.002 ms/cm. The organic compound 
is of bidentate nature. The structures of these complexes are represented in Figure 5. 
 
b) The electronic spectrum of black Cu-complex [Cu(H3L

4)(H2O)2]3H2O,displays four absorption bands at 250, 269, 
339 and 377nm. The first two bands are probably due to charge transfer transition, while the last two′s are assigned 
to d-d transition in the square planer geometry.  Its µeff value equals to 1.82.B.M suggesting the square planar 
structure. The structure of this complex is depending on the bidentate nature through oxygen atoms of -OH group 
and two molecules water in the inner sphere, Figure 5. 
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Electron Spin Resonance (ESR): 
The room temperature ESR of green copper alloxan complex with formula, [Cu(L1)(H2O)2].H2O and black copper 
hematoxylin complex with formula [Cu(H3L

4)(H2O)2]3H2O, give  well clear spectral bands. The gs = gref x Bref/ Bs, 
where gref is constant equals 2.0036 and Bref is constant equals 3322 gauss.  
 
The calculated values of gs for two complexes equals to 1.68 and 1.69, with A = 479.16x10-4cm-1 and 312.5x10-4cm-

1, respectively. These values could be pointed to association or partial reduction for copper. Generally, CuII 
complexes having a lower symmetry than octahedron under a free rotation or give complexes containing grossly 
misaligned tetragonal axes, of magnetically dilute interaction, leading to isotropic spectral feature [54]. The 
corresponding equation for the isotropic A value is: 
 
α2 = ׀A׀/PK + g -2.0023/K 
 
P is the free-ion dipole term proportional to 1/r3 and is given a value of 0.036cm-1. K is the Fermi contact term and is 
usually given a value of o.43. If the assumption that error on using the above equation is due to a 4s contribution is 
correct, then this equation can be written in the form: 
 
α2= ׀A׀/PK + g -2.0023/K + 1- F 2/ PK 
 
Based on the preceding data, the α2 and F2 values in copper alloxan and copper hematoxylin complexes are (0.138, 
0.0154) and (0.93, 0.0154), respectively. 
 
However, in case of rhombic dark red copper carmine complex with the formula, [Cu(H7L

2)( H2O)2], gave three 
peak at 2104.14, 3645,78 and 3979.11 gauss values with g1, g2 and g3 tensor values 3.16, 1.82 and 1.67, 
respectively. The g1> g2> g3, isdue to misalignment of local copper (II) environment. The calculated gavvalue (2.21) 
is obtained from the following equation: 
 
gav = 1/3 (g1 + g2 + g3) 
 
In the present case, the parameter R [55,56] is calculated from the relation R = ( g2-g1 / g3-g2). If R is > 1, a 
predominantly dz2 ground state is assigned with trigonal bipyramidal geometry (TBP), while with R<1, the ground 
state should be dx2-y2 of square pyramidal geometry (SPY) [57,58].The datum of the R value of this complex 
typified the existence of five coordinate (TBP) geometry of dz2 ground state, where R = 8.93 (i.e., R>1). But from 
the previous data of I.R. and magnetism, where the geometry of carmine copper complex is square planar while the 
ESR data, pointed to (TBP). So, the scope pointed to the existence of a dynamic equilibrium between the two 
geometries in the solid state, Figure (6). The data are collected in Table (6). 
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Figure 6: Proposed structures for carmine-copper complex 
 

Table (6): ESR spectral properties for some copper complexes 
  

Complexes Type g1,( g║) g2,( g┴) g3 <g> A, (A║)×10-4 (cm-1) α2 R 
[Cu(L1)(H2O)2].H2O Isotropic - - - 1.68 479.16 0.138 - 
[Cu(H3L4)(H2O)2  ].3H2O Isotropic    1.69 312.5 0.93 - 
[Cu(H7L2)(H2O)2] Rhombic 3.16 1.82 1.67 2.21 - - 8.93 

 
Thermal analysis studies: 
The order of the thermal reaction (n) can be determined from the symmetry of the DTA curve. That is simply a/b, 
the reaction order and the asymmetry of the peak [59], S, are calculated as follows:    
                                                     
S= 0.63 n2   n = 1.26 (a/b) 1/2 

 
The value of the decomposed substance fraction, αm at the moment of maximum development of reaction (with T = 
Tm) being determined from the relation [60]. 
 
(1- αm ) = n(1/ 1-n ) 

 
The values of collision number, Z, can be obtained in case of Horowitz Metzger by making the use of the relation 
[61]:  

Z � 	 ERT� φexp �
E
RT�
 � � 	

KT�h exp�∆S#R � 

 
Where, ∆S# represents the entropy of activation, R molar gas constant, φ rate of heating (Ks-1), K the Boltzmann 
constant and h the Planck's constant [62]. 
 
The heat of transformation, ∆H#, can be calculated from the DTA curves [63]. In general, the change in enthalpy 
(∆H#) for any phase transformation-taking place at any peak temperature Tm can be given by the following equation:  
  ∆S# = ∆H# / Tm 

 
 
 
 
 
 
 
 
1. The thermogravimetric analysis:  
a) The thermogravimetric curve for the alloxan was illustrated in the Figure7, Table 7.The first step in the 
temperature range 146.32 - 209.96oC associated with mass loss (Found-11.47% / Calc-11.24 %) is due to loss of 
hydration water molecule [64]. The second step is within the temperature range 217.07 - 285.54oC associated with 
mass loss (Found-30.33% / Calc-30.60 %) due to loss of HN and 0.5CO2. The third step, within temperature range 
285.54 - 416.81oC associated with mass change (Found-24.67% / Calc-23.11%) results loss of NH,O2 and 0.5C. The 
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fourth degradation step within temperature range 416.81 - 599.51oC with mass change (Found-32.64% / Calc-
34.98%) is due to of loss two molecules of carbon monoxide. 
b) The octahedral deep brown iron-complex, [Fe(L1)(H2O)3Cl]2H2O, Table 7, shows two successive TG peaks. 
The first peak is assigned to the loss of hydrated water molecules [65] at temperature range 28.5 - 113.2oC, while the 
second step is attributed to the loss of rest coordinate water, 3CO, Cl and N2 molecules at temperature range 113.2 - 
666.9 oC. The second step is the final stage with formation iron metal oxide and C as final products. 
c) The TG curve of the violet Co-complex, [Co(L1)(H2O)2]3H2O, Figure7, Table 7, shows two decomposition stages 
pattern within the ranges 49.75 – 267.21oC and 267.21 – 561.21oC, respectively, corresponding to the loss of all 
water molecules, and to loss of -4C, 0.5N2 and O2 molecules. However, increase of temperature would lead to 
formation of cobalt oxide as a final product. 
d) The blue nickel-complex, [Ni(L1)(H2O)4]3H2O, Table 7, indicated that the complex is thermally decomposed in 
five steps. The first decomposition step represents the loss of two molecules of water in the outersphere, while the 
second step with an estimated mass loss of (Found–6.45% / Calc6.92%) can be attributed to the liberation 1.25 water 
molecule. The third and fourth steps occurred within the temperature range 221.77 – 367.41oC and 367.41 – 612.7oC, 
respectively, which accounted of removal the rest of coordinated water, 4C, N2 and 2.5O2 molecules. The fifth step 
is attributed to elimination 0.5O2. Further, heating would yield nickel oxide [66]. 
e) The TG of the pink cadmium-alloxan complex, [Cd(HL1)(H2O)Cl]2H2O, Figure7, Table 7, starts to decompose 
around 48.45oC. This stage continues until 120.23oC and one water molecule is eliminated from outersphere [67]. 
The main degradation steps start at temperature range 120.23 - 297.99oC and 297.99 -589.68oC with overall mass 
loss of 62.49%. These are due to removal the rest of water molecules, N2O, HCl and 3CO molecules. However, final 
product from degradation process is cadmium metal.  
f) The TG curve of copper-carmine complex, [Cu(H7L

2)(H2O)2]3H2O, Table 7, exhibits three decomposition peaks 
at temperature range 21.24 - 107.35oC, 107.35 - 203.99oC and 203.99-433.92oC, respectively. The first step is 
assigned to elimination of 2H2O and 2OH molecules [68], while the second step is included lost 3C and CO 
molecule. The third step is associated with mass loss (Found-60.63% / Calc-60.34%) due to removal -2(C6H6), 
ethylene, 3CO and 5.5O2 molecules. However, the residue from decomposition steps is attributed to copper oxide 
[69-71] as final products.      
g) The TG curve for green cobalt-naphthol yellow S complex, Table 7, shows mass loss at temperature range 
19.36 - 170.75oC indicating the absence of water molecules in the complex [72]. By increasing the temperature, the 
TG curve of the complex exhibits a sharp drop at temperature range 170.75- 508.68oC which may be due to the loss 
of the C10H5N2S + Cl2 + 5O2 molecules (large part of complex) and the rest of coordinated water [44]. However, the 
residue from decomposition steps is attributed to cobalt (III) oxide as a final product. TG data of naphthol and its 
complex are indicated that the naphthol ligand is more stable than its cobalt complex. 
h) The TG data of copper-hematoxylin complex [Cu(H3L

4)(H2O)2]3H2O, Table 7, exhibit three decomposition 
peaks. The first peak at temperature range 37.51-130.5oC, is assigned to successive removal 3.5 of water molecules. 
The second peak is detected at temperature range 130.5- 335.55oC, and is attributed to loss of C6H6, CO2 and 
1.5H2O. The third peak is shows at temperature range 335.55-599.93oC, which is assigned to successive removal of 
C6H6 and 3CO molecules. However, the residue from degradation steps is formation of CuO. 
 
2. Thermodynamic and kinetic studies: 
To assess the influences of the structural properties of the chelating agent and the type of the metal on the thermal 
behavior of the complexes, the order (n) and the heat of activation E of the various decomposition stages were 
determined from the TG  using the Coats- Redfern [73]. The rate constant is normally expressed by the Arrhenius 
equation:  

)exp(
RT

E
Ak a−=

 
 Where Ea is the activation energy, A is the Arrhenius pre-exponential factor which indicates how fast the reaction 
occurs and R is the gas constant in J mol-1 K. On the basis of the following equation [74-76]: 

dt
RT

EA
In a

T

To

)exp()1( −−=− ∫β
α

 
it is possible to analyze experimental data by the integral method, in order to determine the degradation kinetic 
parameters A, Ea. 
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The Coats-Redfern [73] method is as follows:  

RT

E

E

AR
In

T

g
In a−= )(]

)(
[

2 β
α

  

 
Where g(α) = 1- (1-α)1-n/1-n for n ≠ 1 and g(α) = -ln(1-α) for n= 1, R is the universal gas constant. The correlation 
coefficient, r, was computed using the least squares method for different values of n (n=0.33, 0.5, 0.66 and 1) by 

plotting In [
2

)(

T

g α ] versus 1/T for the investigated metal complexes. The n-value which gave the best fit (r ≈ 1) was 

chosen as the order parameter for the decomposition stage of interest. The data obtained are represented in Table 7. 
 

Table 7: Decomposition steps with the temperature range, Kinetic parameters evaluated by Coats-Redfern equation and weight loss for 
the compounds and their complexes 

 

Compound 
Temperature 

range oC 
Ea 

/KJmol-1 
A 

/S-1 
Removal species 

wt. Loss 
Found% Calc% 

[H2L1]H2O 

146.32- 209.96oC 146.62 4.8x1013 H2O 11.47 11.24 
217.07 - 285.54oC 143.74 6.1x1014 HN+CO2 30.33 30.60 
285.54 - 416.81oC 61.44 382.93 0.75C+O2+NH 24.67 23.11 
416.81 - 599.51oC 132.18 1.6x105 2CO 32.64 34.98 

599.51 - 600oC ---- ---- No residue 0 0 

[FeL1(H2O)3Cl]2H2O 
28.5- 113.2oC 50.38 18.47 2.25H2O 12.51 12.59 
113.2- 666.9oC 13.96 6.2x 10-4 2.75H2O+3CO+N2+Cl 59.28 61.28 
666.9 - 700oC ---- ---- Fe +CO residue 27.99 26.08 

[CoL1(H2O)2]3H2O 
49.76 - 267.21oC 27.62 0.385 5H2O+0.5N2 35.51 35.98 
267.21- 561.68oC 50.88 501.34 4C+0.5N2+3.5O2 41.00 40.82 

561.68- 600oC ---- ---- CoO residue 23.48 23.15 

[NiL 1(H2O)4]3H2O 

30.14- 140.99oC 39.82 177.5 2H2O 10.79 11.08 
140.99 - 221.77oC 84.96 1.8x105 1.25H2O 6.45 6.92 
221.77- 367.41oC 64.68 239.4 3.75H2O+0.5O2+0.5N2 27.76 27.55 
367.41- 612.70oC 101.68 1.9x102 4C+0.5N2+O2 30.90 28.95 
612.70- 665.75oC 302.63 5.8x103 0.5O2 2.77 2.46 
665.75 - 700oC ---- ----- NiO residue 23.00 23.00 

[CuL1(H2O)2]H2O 

43.13- 251.05oC 33.08 1.48 3H2O+CO+1.5O2+0.5N2 46.71 46.58 
251.05 - 342.30oC 145.32 2.3 x1015 2C+0.5O2+0.5N2 17.66 17.86 
342.30- 509.26oC 84.28 479.15 CO 10.92 10.87 
509.26 - 600oC ---- ---- Cu residue 24.69 24.66 

[CdHL1H2OCl]2H2O 

48.45 - 120.23oC 43.39 1.5 x 103 H2O 5.15 5.24 
120.23- 297.99oC 42.40 9.16 2H2O + 0.5NO2 15.22 14.84 
297.99 - 598.68oC 77.15 27.21 4C+HCl +0.5N2 3.5O2 47.27 45.34 

598.68 - 600oC ---- ---- Cd  residue 30.34 32.77 

[H9L2] 

41.6 - 106oC 64.76 3.6x105 C2H2+CO +O2 17.36 17.46 
106- 170oC 54.53 2.7x102 CH4 + 2C 7.36 8.12 

199.2- 288.2oC 95.36 4.3x104 C2H2 + CO2 14.24 14.21 
288.2- 345.4oC 152.31 2.3x1010 C5H5 + 3CO 31.05 30.25 
345.4 - 420.1oC 158.04 1.3x109 CH3+ CO + CO2 17.05 17.66 
420.1- 488.9oC 159.37 7.9x107 CH3+ CO2 13.58 11.98 
488.9- 600oC ---- ----- NO residue 0 0 

[CoH7L2(H2O)4] 

30.08 - 128.06oC 49.48 1.1x 104 4H2O + C 13.08 13.51 
128.06 - 328.28oC 35.67 0.812 C6H6 + 2CO2 27.19 26.72 
328.28 - 506.34oC 68.59 41.51 2C6H6 + 7O2 44.60 43.13 

506.34 - 600oC ---- ----- CoO + CO residue 15.12 16.56 

[NiH7L2(H2O)4]2H2O 
28.02 - 130.2oC 64.68 1.1x10-3 6H2O + 2HO 21.89 21.60 
130.2 - 666oC 23.52 2.6x10-4 C18H16O8 54.02 54.78 
666 - 700oC ---- ---- NiO + 2C +2CO residue 22.98 21.15 

[CuH7L2(H2O)2]3H2O 

21.24 – 107.35oC 51.87 5.2x104 2H2O + 2OH 10.56 11.86 
107.35 - 203.99oC 50.69 548.58 3C + CO 10.54 10.84 
203.99 - 433.92oC 37.14 0.500 2C6H6 + C2H4+ 3CO+5.5O2 60.63 60.34 

433.92 - 600oC ---- ---- CuO + CO residue 18.27 18.23 

[L3] 

24.85 - 46.57C 201.19 3x 1031 0.5C 1.36 1.68 
260.94 - 456.97oC 93.02 1.6x 103 5.5C + 3H +1.25Na+ SO4 53.87 54.38 
542.43 - 599.6oC 329.15 1.7x 1017 0.75Na 5.01 4.84 

599.6 - 600oC ---- ----- 4C + 2NO2 + H residue 39.75 39.29 
[Co2L3] 19.36-170.75oC 26.99 2.67 1.25H2O 3.34 3.48 
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170.75 - 508.8oC 45.22 1.02 x 104 C10H4N2SCl2O2 + 6.75H2O 71.06 70.81 
508.68 - 600oC ---- ----- Co2O3  residue 25.58 25.07 

[H5L4]3H2O 

26.9 - 85oC 62.43 1.2x107 2H2O 9.36 10.05 
85 - 185.8oC 97.77 3.5x108 H2O 7.87 5.05 

185.8 - 312.2oC 217.66 5.3x1016 2OH + C 11.80 12.91 
312.2- 430.7oC 71.66 356.62 C6H8 22.12 22.45 
430.7 - 520oC ----- ----- C9H8O4 residue 49.76 50.86 

[FeH3L4(H2O)3Cl]4H2O 
40 - 140°C 39.32 147.89 4.75H2O 16.02 16.51 
140 - 694°C 19.03 1.07x10-3 C5H5+ 3CO + 2.25H2O 37.62 36.62 
694 - 700°C ---- ---- C8H7O3FeCl residue 45.40 46.81 

[CuH3L4(H2O)2]3H2O 

37.51- 130.5oC 51.16 1.7x104 3.5H2O 13.52 13.88 
130- 355.55oC 33.58 0.373 C6H6 + CO2 +1.5H2O 34.30 32.85 

355.55 - 559.93oC 51.78 0.608 C6H6 + 3CO 35.14 35.96 
559.93- 600oC ---- ----- CuO residue 17.02 17.52 

[CoH3L4(H2O)4]5H2O 

34.03- 163.53oC 39.30 146.89 6.25H2O 21.49 21.58 
163.53 - 337.63oC 52.63 31.53 2.75H2O + 2CO 20.27 20.24 
337.63- 544.38oC 98.85 6.8x103 2C6H6 + O2 35.69 36.06 
544.38 - 600oC ----- ---- Co + 2CO residue 22.55 22.05 

 
i) All decomposition stages showed a best fit for n = 1.  
ii)  The activation energy, Ea, increases clearly for the subsequent degradation steps revealing a high stability of the 
remaining part of the chelate. The highest values suggesting a high stability due to their covalent bond character[77].  
iii)  According to the values of the total activation energy, the thermal stability of the metal complexes with different 
ligands decreases in the order:- 
1. For the alloxan complexes:   
[Fe(L1)(H2O)3Cl].2H2O>[Ni(L1)(H2O)4]3H2O>[Cd(HL1)(H2O)Cl]2H2O>[Co(L1)(H2O)2]3H2O>[Cu(L1)(H2O)2]H2O. 
2. For the carmine complexes: [Ni(H7L

2)(H2O)4]2H2O > [Co(H7L
2)(H2O)4] > [Cu(H7L

2)(H2O)2]3H2O. 
3. For naphthol yellow S: L3>[Co2(L

3)(H2O)6Cl2]2H2O. 
4. For hematoxylin complexes: [Fe(H3L

4)(H2O)3Cl]4H2O > [Cu(H3L
4)(H2O)2]3H2O > [Co(H3L

4)(H2O)4]5H2O. 
iv) The value of (A) parameter lies in the range 1.07 x10-3 to 3 x1031. 
  
3. The differential thermal analysis: 
The DTA data of organic compounds are given in Table 8. The data allow the following observations and 
conclusions: 
a) The DTA of alloxan, Table 8 and Figure 8, gives three peaks, the first tow's are exothermic peaks at 353 and 
657oK with activation energies 62.69 and 63.38 KJ/mol with orders of 1.3 and 1.2. The exothermic peak in first step 
is due to elimination of H2O molecule. The third is endothermic at 489oK with activation energy 52.00 KJ/mol and 
order of 1.04. 
b) The red carmine compound, Table 8, gives three successive DTA peaks, where the first is endothermic at 351oK 
with an activation energy 44.90KJ/mol and order 1.6, followed by another exothermic peaks at 577 and 729oK with 
activation energies 61.73and 54.54KJ/mol and orders of 1.3 and 1.6, respectively. 
c) The DTA curve for naphthol yellow S, Table 8, shows an exothermic peak at 345oK with activation energy of 
62.09 KJ/mol and an order of 1.5, and another endothermic peak at 704oK with activation energy and an order of 
17.74 KJ/mol and 0.5, respectively. 

Table 8: DTA parameters of the ligands 
 

Compound Type n αm slope Tm/oK ∆E /KJmol-1 103Z /Sec-1 
∆S≠ 

KJK-1mol-1 
∆H≠ 

KJmol-1 

Alloxan 
Exo 
Endo 
Exo 

1.304 
1.047 
1.292 

0.577 
0.554 
0.599 

-7.445 
-8.246 
-5.547 

353 
489 
657 

62.96 
52.00 
63.38 

0.021 
0.016 
0.008 

-0.297 
-0.302 
-0.310 

-103.77 
-147.73 
-203.88 

Carmine 
Endo 
Exo 
Exo 

1.551 
1.316 
1.626 

0.536 
0.580 
0.539 

-5.401 
-7.425 
-6.560 

351 
577 
729 

39.96 
61.73 
54.54 

0.015 
0.012 
0.008 

-0.300 
-0.305 
-0.310 

-104.70 
-176.41 
-226.47 

Naphthol yellow S 
Exo 
Endo 

1.527 
0.552 

0.552 
0.734 

-7.468 
-2.134 

345 
704 

62.091 
17.746 

0.021 
0.003 

-0.297 
-0.297 

-102.51 
-0.2979 

Hematoxylin 

Exo 
Endo 
Endo 
Exo 

0.759 
1.174 
1.162 
1.317 

0.681 
0.604 
0.580 
0.681 

-3.352 
-10.283 
-10.488 
-15.882 

365 
429 
525 
609 

27.872 
85.492 
87.197 
132.042 

0.009 
0.023 
0.019 
0.026 

-0.304 
-0.298 
-0.301 
-0.300 

-111.22 
-127.88 
-158.18 
-182.89 

Cyanine 
Exo 
Endo 

1.693 
0.939 

0.532 
0.643 

-3.060 
-5.104 

373 
475 

25.447 
42.442 

0.008 
0.010 

-0.305 
-0.305 

-114.08 
-145.33 
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d) The differential thermal analysis curve of hematoxylin, Table 8, consists of four peaks. The first step gave an 
exothermic peak at 365oK associated within elimination of H2O molecules. Its activation energy and the order were 
evaluated at 27.87 KJ/mol and 0.7, respectively. The second exothermic peak is appeared at 609oK with an 
activation energy 132.04 KJ/mol and order 1.3, respectively. Two endothermic peaks are shown at 429 and 525oK 
with activation energies 85.49 and 87.19 KJ/mol, with orders of 1.17, 1.16, respectively. 
e) The DTA curve for cyanine, Table 8, shows two broad peaks. An exothermic peak at 373oK has activation 
energy 25.4KJ/mol, and order is equal to 1.6, respectively. The endothermic peak is detected at 475oK associated 
with an activation energy 42.4KJ/mol, and an order of 0.9, respectively.   
The change of entropy, ∆S≠, values for all organic compounds, is nearly of the same magnitude and lie within the 
range of -0.29 to -0.3 KJ/K mol. So, the transition state are more ordered, the fraction appeared in the calculated 
order of the thermal reaction, n and the calculated values of the collision parameters, Z, showed a direct relation to 
Ea [78]. The values of the decomposed substance fraction αm, at maximum development of the reaction were 
calculated from Coats-Redfern [73] equation. It is nearly with the same magnitude and lies within the range 0.5 - 
0.7. 
 
Based on least square calculations, the ln ∆T versus 1000/T plots for all organic compounds gave straight lines from 
which, the activation energies were calculated, according to the methods of Piloyan et.al [79]. The order of chemical 
reaction (n) was calculated via the peak symmetry method [80-83].   
 
4. Differential Scanning Calorimetry (DSC): 
Typical DSC curves obtained for iron, nickel- alloxan, copper-carmine and (iron, cobalt, copper) - hematoxylin 
complexes, Figure9, are done under a flow of N2 at heating rate 10oC/min in the temperature range 25-700oC. It is 
clear that there are no glass transition temperatures (Tg) for all complexes, where the crystallization temperatures 
(Tc) for all complexes are at 162.94, 74.13, 96.99, 82.5, 119.03 and 117.16oC [83,84] respectively, also the melting 
temperature (Tm) is recorded at 234.52oC only to nickel- alloxan complex. However, the DSC curve for iron- alloxan 
complex gave very strong endothermic peak at 61.16oC it is probability of adsorbed water.  
 
The heat capacity can be determined by dividing the heat flow by the heating rate. The variation of Cp versus T can 
be represented using Debye model [85,86] as the following relations:  
 

TTC
P

γα += 3  ,    γα += 2T
T

C
P

 
 
Where (a) is the slop of the line and (b) is the intersection of the line with y-axis (Cp axis). (Cp) is the specific heat at 
constant volume, (γ) is constant equals 10-4 (cal/gram. mole).  
 
By plotting Cp/T as y-axis and T2 as x-axis we get a straight line with a slope equal α and hence the Debye 
temperature can be determined from α also the intersection with y-axis gives the coefficient (γ), Table 9. Figure10  
represents the variation of Cp/T versus T2 for iron-hematoxylin complex as a demonstration. 

 
Table 9: The slopes and intercept for DSC curves of some complexes 

 

Complex 
Cp = a T +b Cp/ T = α T 2 + γ 
a b Α Γ 

[FeL13H2OCl]2H2O 0.139 -48.15 3 x 10-7 -0.031 
[NiL 14H2O]3H2O 0.066 -21.16 2 x10-7 -0.019 
[CuH7L22H2O] -0.276 78.22 1x10-6 0.087 
[FeH3L43H2OCl]6H2O 0.058 -21.4 2 x 10-7 -0.02 
[CoH3L44H2O]5H2O -0.478 155.96 2x10-6 0.180 

[CuH3L4(H2O)2]3H2O -0.302 98.02 1x10-6 0.113 
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Table (10): Bond lengths, Bond angles, Dihedral angles and Charge atoms of alloxan 
 

Bond lengths (Ao) Bond angles (o) Dihedral angles Charge atoms 
Atoms Actual Atoms Actual Atoms Actual Atoms   Charge 

N(1)-C(3) 1.372 C(3)-N(1)-C(8) 125.492 C(8)-N(1)-C(3)-C(4) 0.316 N (1) -0.242 
N(1)-C(8) 1.369 H(2)-N(1)-C(3) 117.146 C(8)-N(1)-C(3)-O(10) -179.684 H (2) 0.000 
N(1)-H(2) 1.007 H(2)-N(1)-C(8) 117.363 H(2)-N(1)-C(3)-C(4) -179 C (3) 0.342 
C(3)-C(4) 1.497 N(1)-C(3)-C(4) 117.314 H(2)-N(1)-C(3)-O(10) 0 C (4) 0.149 
C(3)-O(10) 1.22 N(1)-C(3)-O(10) 119.019 C(3)-N(1)-C(8)-N(6) 0 C (5) -0.341 
C(4)-C(5) 1.497 C(4)-C(3)-O(10) 123.668 C(3)-N(1)-C(8)-O(9) -179 N (6) 0.242- 
C(4)-O(12) 1.223 C(3)-C(4)-C(5) 116.73 H(2)-N(1)-C(8)-N(6) -179.684 H (7) 0.000 
C(5)-N(6) 1.371 C(3)-C(4)-O(12) 121.551 H(2)-N(1)-C(8)-O(9) 0 C (8) 0.425 
C(5)-O(11) 1.22 C(5)-C(4)-O(12) 121.72 N(1)-C(3)-C(4)-C(5) -0.547 O (9) -0.265 
N(6)-C(8) 1.369 C(4)-C(5)-N(6) 117.316 N(1)-C(3)-C(4)-O(12) 179.451 O(10) -0.180 
N(6)-H(7) 1.007 C(4)-C(5)-O(11) 123.603 O(10)-C(3)-C(4)-C(5) 179.451 O(11) -0.180 
C(8)-O(9) 1.207 N(6)-C(5)-O(11) 119.08 O(10)-C(3)-C(4)-O(12) -0.448 O(12) 0.194- 

  C(5)-N(6)-C(8) 125.499 C(3)-C(4)-C(5)-N(6) 0.316   
  C(5)-N(6)-H(7) 117.206 C(3)-C(4)-C(5)-O(11) -179.553   
  H(7)-N(6)-C(8) 117.295 O(12)-C(4)-C(5)-N(6) -179.684   
  N(1)-C(8)-N(6) 117.646 O(12)-C(4)-C(5)-O(11) 0.316   
  N(1)-C(8)-O(9) 121.177 C(4)-C(5)-N(6)-C(8) 0   
  N(6)-C(8)-O(9) 121.178 C(4)-C(5)-N(6)-H(7) -179   
    O(11)-C(5)-N(6)-C(8) -179   
    O(11)-C(5)-N(6)-H(7) 0   
    C(5)-N(6)-C(8)-N(1) -0.316   
    C(5)-N(6)-C(8)-O(9) 180   
    H(7)-N(6)-C(8)-N(1) 179.684   
    H(7)-N(6)-C(8)-O(9) -0.316   

 

 
Figure 7: TGA curves for alloxan and some of its complexes 
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Figure 8: DTA curves for alloxan 
 

 
Figure 9: DSC curves for iron-, nickel-alloxan and iron-hematoxylin complexes 
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Figure10: The variation of Cp/T versus T2 for iron-hematoxylin complex 
 
Molecular modeling: 
The molecular modeling calculations are widely increasing nowadays for the expectation of the mechanism of the 
reactions and the identification of the products[87]. This saves time and money. The multidentate ligands including 
nitrogen, sulphur and oxygen atoms are versatile and useful for assembly new molecules, because they can 
coordinate with many transition metal ions. Thus, the synthesis and structures of new complexes are significant for 
understanding the biological phenomena and exploiting artificial [88] models. Also, a theoretical support for the 
experimental finding regarding the donor atoms could be obtained on comparing the models of the complexes with 
that the free ligands. 
 
Molecular modeling is a collective term that refers to theoretical methods and computational techniques to model 
the behavior of molecules[89-91]. The techniques are used in the field of computational chemistry, computational 
biology and materials science. The simplest calculations can be performed by hand, but inevitably computers are 
required to describe atoms (nucleus and electron collectively) as point charges with an associated mass. The 
interactions between the neighboring atoms are described by spring-like interactions (representing chemical bonds) 
and Van der Walls forces. The molecular modeling calculations of the free ligands (alloxan, carmine, hematoxylin, 
naphthol yellow S) are recorded. Figure (11) and Table (10) are given for illustration, concerning the bond lengths, 
bond angles, charge and dihedral angles. These calculations are based on neglecting the possibility of hydrogen 
bonding and using hyper chem, version 8, program. 
 
Application of Hyper chemistry program: 
According to Frontier Molecular Orbital theory (FMO) of chemical reactivity, transition of electron is due to an 
interaction between HOMO (highest occupied molecular orbital) and LUMO (lowest unoccupied molecular orbital) 
of reacting species. The energy of HOMO is directly related to the ionization potential. Higher values of E HOMO 
indicate a tendency of the molecule to donate electron to appropriate center molecules with low energy or empty 
electron orbital. The energy of LUMO is directly related to the electron affinity and characterizes the susceptibility 
of the molecule to attack by a nucleophile. The lower values of ELUMO, the stronger electron accepting abilities of 
the molecules. The quantum chemical parameters, χ (electronegativity), Pi (chemical potential), η(hardness) and 
σ(softness) were calculated [92-94]. The concepts of these parameters are related to each other, where: 
 
 
         Pi = -χ          Pi        (Hardness)  η 
 
The inverse of the global hardness is designated as the softness (σ). 
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   (Softness)   σ = 1  
                                 η 

Figure (11): Molecular modeling of alloxan 
 

 
In case of alloxan, the same bond length is recorded between the following pairs of atoms, N(1)-C(3), N(1)-C(8), 
C(5)-N(6) and N(6)-C(8). All of them are nitrogen and carbon atoms leading to 1.37Ao, while C(3)-O(10), C(4)-
O(12), C(5)-O(11) and C(8)-O(9) carbon –oxygen atoms lead to 1.2 Ao. 
 

Table (11): The calculated quantum chemical parameters for compounds 
 

Compound  EHOMO ELUMO E∆ Hardness Softness 
Alloxan  -11.11  1.74-  9.37 4.68 0.21 
Carmine 9.35-  4.27-  5.08 2.54 0.39 
Naphthol yellow S 1.92 1.85 0.07 0.035 28.57 
Hematoxylin -9.56 -2.85 6.71 3.35 0.29 

 
The replacement of carbon atoms by oxygen or nitrogen atoms leads to shorten the bond length due to the more 
electronegativity character of oxygen and nitrogen atoms. The bond angles are 117 and 121o, the least is 116.73o. 
Also, it seems that, some of dihedral angles are with ±179o, where the distributions of the atoms are in the same 
plane, which occurs in case of  N(1)-C(3)-C(4)-O(12), O(10)-C(3)-C(4)-C(5) and  H(7)-N(6)-C(8)-N(1),the others in 
different planes, C(8)-N(1)-C(3)-O(10), H(2)-N(1)-C(3)-C(4), C(3)-N(1)-C(8)-O(9), H(2)-N(1)-C(8)-N(6), C(3)-
C(4)-C(5)-O(11), O(12)-C(4)-C(5)-N(6), C(4)-C(5)-N(6)-H(7) and O(11)-C(5)-N(6)-C(8). 
 
In some cases, the dihedral angles are zero. These systems are H(2)-N(1)-C(3)-O(10), C(3)-N(1)-C(8)-N(6), H(2)-
N(1)-C(8)-O(9), C(4)-C(5)-N(6)-C(8) and O(11)-C(5)-N(6)-H(7). This is attributed due to the orientation and 
distributions of atoms are in different environments such as parallel, anti parallel leading to zero values. 
 
The molecular modeling calculations of carmine ligand are given the following: 
The same bond length is recorded between C-C and C-O atoms, where the bond lengths are 1.4, 1.5 and 1.2, 1.3 Ao, 
respectively. Different bond angles are recorded between atoms of carmine ligand, where the large bond angle is 
133.3o, the least is 100.79o. Also, it seems that, some of dihedral angles are with 178±1, where the distributions of 
the atoms are in same plane, which occurs in the case of C(6)-C(1)-C(2)-C(26), O(21)-C(1)-C(6)-C(5), C(2)-C(1)-
O(21)-H(22), C(1)-C(2)-C(3)-O(19), C(2)-C(3)-C(4)-C(7), C(3)-C(4)-C(5)-C(10), C(2)-C(26)-O(27)-C(35), C(2)-
C(26)-C(28)-C(29), C(4)-C(5)-C(6)-O(17), C(8)-C(9)-C(14)-H(54), C(10)-C(9)-C(14)-C(13), C(11)-C(12)-C(13)-
O(23), C(12)-C(13)-C(14)-H(54), O(23)-C(13)-C(14)-C(9), C(12)-C(13)-O(23)-H(24) and O(27)-C(35)-C(36)-
O(37). 
 
The other systems in different plane are O(21)-C(1)-C(2)-C(3), C(26)-C(2)-C(3)-C(4), O(19)-C(3)-C(4)-C(5), 
C(26)-O(27)-C(35)-C(36), C(10)-C(5)-C(6)-C(1), C(7)-C(8)-C(9)-C(14), C(8)-C(11)-C(12)-C(25), C(29)-C(32)-
C(35)-C(36), C(25)-C(12)-C(13)-C(14), C(12)-C(25)-O(39)-H(40), H(51)-C(32)-C(35)-H(50), C(32)-C(35)-C(36)-
H(45) and H(50)-C(35)-C(36)-H(46). It seems that with only one case of dihedral angel equals zero, its C(26)-C(2)-
C(3)-O(19). Different environment, such parallel and anti parallel, leading to zero value. 
 
Naphthol yellow S have different bond lengths, where O-Na is longer bond comparing withC-N, C-C and C-H. 
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In H5L
4 (Hematoxylin), the same bond length is recorded between pairs atoms as O(1)-C(6), C(2)-C(3), C(2)-C(19), 

C(5)-O(26), C(8)-C(9), C(10)-C(11), C(11)-C(12) and  C(19)-C(22), all  of them are carbon- carbon and carbon- 
oxygen atoms leading to bond length equals 1.4Ao.Also , some of dihedral angles are with 178± 1, where the 
distribution of the atoms are in the same plane , which occurs in case of Lp(38)-O(1)-C(6)-H(30), C(3)-C(2)-C(19)-
O(20), C(4)-C(3)-C(18)-C(23), C(10)-C(7)-C(8)-C(9), C(4)-C(7)-C(10)-C(11), H(35)-C(10)-C(11)-C(12), C(10)-
C(11)-C(12)-O(16), O(14)-C(11)-C(12)-C(13), O(16)-C(12)-C(13)-C(8), C(11)-C(12)-O(16)-H(17), O(20)-C(19)-
C(22)-C(23), and the others in different planes are O(1)-C(2)-C(3)-C(18), C(19)-C(2)-C(3)-C(4), O(1)-C(2)-C(19)-
C(22), C(4)-C(7)-C(8)-C(13), C(8)-C(7)-C(10)-H(35), C(7)-C(8)-C(13)-H(32), C(9)-C(8)-C(13)-C(12), C(7)-C(10)-
C(11)-O(14), C(11)-C(12)-C(13)-H(32), C(4)-C(5)-C(6)-H(31), C(3)- C(18)-C(23)-H(28), H(29)-C(18)-C(23)-
C(22), C(22)-C(19)-O(20)-H(21), C(19)-C(22)-C(23)-H(28), O(24)-C(22)-C(23)-C(18), C(19)-C(22)-O(24)-H(25) . 
 
Some systems gave zero dihedral angles. These distributions of atoms of different environments such as parallel and 
anti parallel leading to zero values. 
 
The lower HOMO energy values show that molecules donating electron ability is the weaker. On contrary, the 
higher HOMO energy implies that the molecule is a good electron donor. LOMO energy presents the ability of a 
molecule receiving [94].  
 
It was shown from, Table (11), that napththol yellow S has the smallest energy gap, so it is the soft compound 
compared with the other compounds. This indicates that naphthol yellow S, the more active compound to offer 
electrons to an acceptor (metal ions).  
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