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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, Hematoxylicpmplexes, spectral investigation, thermal
analysis.

INTRODUCTION

Alloxan drivatives are widely used to induce expemtal diabetes in animals and the action mechamigircells
of the pancreas has been investigated [1,2]. lbitshpro-insulin synthesis in pancreatic islet$. [8lloxan is a
strong oxidizing agent and it forms a hemiacet#hits reduced reaction product dialuric acid (inietr a carbonyl
group is reduced to a hydroxyl group) which isedlalloxantin [4]. They establish a redox cyclehvilie formation
of superoxide radicals which undergo dismutationhy@rogen peroxide. Thereafter highly reactive bygt
radicals are formed by the Fenton reaction [1,2].

Alloxan is an alter dentate ligand offering morartfone equivalent coordination site, where alwaysaarangement
is possible in which the metal is transferred frone site to another. This can be either an intemtoamolecular
process. The rearrangement is kinetically contdolig the activation energy and entropy on the feagiath. The
free energy difference is zero by definition if ¢m@ordination sites are equivalent [5,6]. Alloxamaoordinate with
several types of structures [7,8]. Purity and motpgy of the complexes obtained were studied by SHEkEe
obtained SEM micrographs allow verifying that tteenplexes are well formed amorphous shapes[9].
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Naphthol yellow S (flavianic acid disodium salt) ised as yellow colorant for cosmetics of dyeind, hean

decompose and burn spontaneously in the producimgeps. The prediction results by the Computer farogor

Chemical Thermodynamic and Energy Release EvaludiETAH) suggest flavianic acid hydrate (the ferm
production of flavianic acid disodium salt) andvflnic acid disodium salt have high rank of maximbeat of

decomposition and fuel value-heat of decompositidre rank of explosive hazard for flavianic acidatlium salt
was Il by the Differential Scanning Calorimetry (Osand Pressure Vessel Test (PVT) according tedaduation

method in the Japanese Fire Service Law. The Actéglg Rate Calorimeter (ARC) demonstrates partitie

difference that has no significant effect on therthal stability of flavianic acid disodium salt. @pared with

flavianic acid, disodium salt, flavianic acid hytedad low thermal stability [10].

Hematoxylin stains has been used for at least tuigeand are still essential for recognizing vasdissue types and
the morphologic changes that form the basis oferopbrary cancer diagnosis. Hematoxylin has a deepgurple
color and stains nucleic acids by a complex, indetefy understood reaction. In a typical tissue;leiuare stained
blue, whereas the cytoplasm and extracellular mative varying degrees of pink staining. Well-fixeglls show
considerable intranuclear detail. Nuclei show vagytell-type- and cancer-type-specific patternsasfdensation of
heterochromatin (hematoxylin staining) that aregdastically very important. If abundant polyribosesnare
present, the cytoplasm will have a distinct blust.cihe Golgi zone can be tentatively identifiedtiby absence of
staining in a region next to the nucleus. Thus, steen discloses abundant structural informatioith wpecific
functional implications. A limitation of hematoxglistaining is that it is incompatible with immunafkescence. It
is useful, however, to stain one serial paraffictisa from a tissue in which immunofluorescencd d performed.
Hematoxylin is useful as a counterstain for manynime histochemical or hybridization procedures tinseé
colorimetric substrates [11]. Photoswitchable fesment probes have been used in recent years bteesgper-
resolution fluorescence microscopy by single mdkémaging [12-14]. In our laboratory, Masai@dl studied the
chemistry of nucleic acid constituents and themptexes [15-21]. The structures of the studied wiggaompounds

are represented in Figure 1.
o

A

NH NH

o)
Alloxan (H,L") 1,3-Diazinane-2,4,5,6-tetrone

OH [e]

carmine (HqL?) 7-beta-D-glucopyr anosyl-3,5,6,8-tetr ahydr oxy-1-methyl-9,10-dioxo-anthr acene-2-car boxylic acid
ONa*
o 0
\S/

ON
Sonar

NO.
naphthol yellow S(L3) Disodium 5,7-dinitro-8-oxidonaphthalene-2-sulfonate
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OH
hematoxylin (HsL“) 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 gH'), Carmine (HL?, Naphthol Yellow S (£) and Hematoxylin (kL*)], and
starting materials used in this work were obtaifrech Fluka, Sigma and Lobachemie companies and witbedut
further purification.

Complexes:

All the complexes either simple or mixed were pregan a similar manner. The required weight ofisiaon metal
chloride salt (Fe, Co, Ni, Cu, Cd) and the ligaretevdissolved in different solvents (methanol, Dithanol). The
transition metal chloride solution was mixed wittat of the ligand. The reaction mixture was reftlixer 5min,
then cooled where a precipitate was formed, fittetheen dried in an oven at ~%@ The products were analyzed to
be 1:1, 2:1 and 2:3 (M:L) molar ratio for simplengulexes, while those of the mixed are with moldiorad:1:2 ,
1:1:1 (M:M:L)and 1:1:11 (M:M“:M™":L). All complexes are with melting poiathigher than 30C. However, all
complexes were prepared in presence of ammonigeioa complexes. All solvents were of spectrogyarade
and were used without purification.

I nstruments and working procedures:

The metal contents were determined by atomic alisorpechnique at the central laboratory, Facultysoience,
Alexandria University. The metal contents were astermined titrimetrically with standard EDTA stian [22].
Carbon, Hydrogen, Nitrogen and Chloride contentsevemalyzed as usual. The infrared spectra ofigamdls and
their metal complexes were taken in KBr disc uddrgker -Tensor 37 (FT-IR system spectrum BX) cawgra
range from 400-4000 cf Calibration of frequency reading was made witlystyrene film. The spectral studies in
solution were measured using Double beam uv- @spkctrophotometry (Jasco-V.530) and Perkin E{ireanbda
4B)covering the wavelength range 200-600nm andhm, respectively.

X-band electron spin resonance spectra were redawith JES- FE2XG- ESR Spectrometer (JEOL). Thalgies
were determined by comparison with DPPH (Dipherylphydrazide) signal. Molar conductivities of frég
prepared complexes (1XE®1) in DMSO and ethanol were measured using (HANNW®33 conductivity).Molar
magnetic susceptibility corrected for diamagnetissmg Pascal's constant, were determined at roampexature
(298°K) using Faraday's method. The apparatus algdsrated with HQCo(SCN)[23]. The chem. office ultra
2002 and hyper chem. computer program has beentaiggsherate molecular modeling of the compoundistlagir
complexes. The physical properties and analytiata or the ligands and the prepared complexessgresented in
Table 1.

Differential thermal analysis (DTA), thermogravimetanalysis (TG) and differential scanning calctiny (DSC)
were carried out using a LINSEIS STA PT 1000, TG-Shimadzu and DSC- 60A Shimadzu. The rate of hgati
was 10 and 2&/min. The cell used was Platinum, the atmosphetiogen was flowed over the sample at a rate 20
cm3 min-1 and a chamber cooling water flow was Tt
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RESULTSAND DISCUSSION

It spectra of Alloxan and its complexes:

The fundamental infrared bands of alloxan and dsglexes are given in Table (2). By comparing & ithfrared
spectrum of the complexes with that of free ligaitdshould be possible to determine the bindingssitThe
vibrational frequencies of coordinated functionadups (€. on, v N1, v N=c-0) ar€ affected with different degrees.
a)The band at 3430 chin the free ligand, assigned-as:, undergoes a strong shift within a range of 348858m
lin all complexes except in the copper-nickel comjileat is disappeared. Such region identifies #igopresence
of hydrogen bond.

b)Two bands at 3043 and 2809¢nare assigned tay, [24]. They are disappeared in all complexes, irtiigathat
the chelation occurs at NH group.

¢) Thevcz)=0) and the overlapped cu)-0) Vics)=0) Of free ligand appeared at 1767and 1708craspectively. The
first band was assigned to the alloxan amide fragrg®lH-CO-NH-), and is disappeared in all compkeracept in
iron complex, where it splits to 1771 and 176ZcriThe overlappedicu=oy Vice)=0) band is appeared in all
complexes with a red shift, except in iron and @ppobalt complexes is absent. It was assignedymmmaetric and
symmetric vibrations of two ketone groups in pasit 4 and 6 [25].

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

Calculated/ Found %

Complex M.wt Formula % 1% N% M% %

Alloxan (H,LH)H,0 160.09  GH,N,O,-H,O - - - - -
[Fe(L)(H,0):Cl]2H,0 3214  GHiN.FeQCl &g:g. éé] (g{} é;:g, (ﬂ:‘l)‘z‘.
[Co(LY)(H,0)]3H,0 289.02  GH1N;CoOy &g:g) (3:(1)) (g:g) &g:g)

[NI(L 5)(H,0)s]3H,0 3248  GHuN, NiOn (igﬁ) (g:g) (g:g) (122(1))
[CU(LY)(H,0),]HO 2576 GHoN,CUO, &g:g. (32431] (igzg. éj:g‘
[CA(HLYH,OCI2H,0 3429  GHN,CAOCI (ﬁ:g) é:g) (gé) ég:;) (18232)
[CUCO(HLY)(H:0)OHCH2H,0 4413 GHuN,CuCoQ,Cl &8;2) é:i) (222) (ﬂ"g) (ﬁ% ég:gg)

164 95 95 108 101 1217

[CUNi(HLY,Cl,]5H,0 583.4  GH1N4CuNiO.Cl, (165 (98 (98) (104) (103) (12.13)

73 127 127 96 89 89 21.60
(7.2) (129 (12.9 (8.9) (9.3) (94 (21.73

[CUNICO(HLY)(NH).CLJ6H,0  567.2  GHaNsCUNIC0O,; Cla
Carmine (l‘ng) 492.4( CooH20012

44.9 4.1 6.3

[Fex(H7L?)a(HsL)(H20)]6H,0  1760.9  GeHzz Fer Ose (44.5) (4.5) ) (5.9)
[Co(H/L?)(Hz0)4] 621.33  GHzsCoOyr (332171) (32%) ) (gj)
[Ni(H7L?)(Hz0):]2H,0 657.11  GHaoNi Ouo (38:}1) (151:% ] (g:g)
[Cu(H/L?)(H;0)s] 589.95 GiHz Cu Qs (jj:;) (ﬂ) i (ﬂ:;)

Naphthol yellow S () 358.19  GoHaN.OsSNa - u - - —
[CoAL®)(H,0)Cl]2H,0 645.05 GHaNACOKOWSCE  (190) (34) (41 e T
Hematoxylin (HL®)3H,0 356.28  GeH140s-3H,0 - - ~ - -
[Fe(HL*)(H0):Cll4H.0 517.63  GaHas Fe QCl é;:i) (22(1)) - (18:;) (332)
[Co(HsL*)(H20)4]5H,0 521.21 GeH3CoOis ég:j) (ZZ) ) (ﬁ:i)
[Ni(HsL*)(H0)]5H-0 520.99  GeHaoNi Oss (22;3) (gﬁi) ) (ﬁﬁg)
[Cu(HsL%)(H-0),]3H,0 453.83 GH»CuQy (ﬁ:i; (g:% ) (ig:gj

*The melting points for all complexes> 300°C.
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d)vn=c.o in all complexes exhibits one band at the rang@6@2-1638crt. However, Cu-Ni complex exhibits two
bands at 1636 and 1541¢mihese bands are not detected in the free ligamghasting the existence of the enol
form during the complexation. Also, this is confechby the presence ofyin the complexes

e)The bands at 1451 and 1397ddentified for thevy, in free ligand. The second band is appeared icoafiplexes
with a red shift at 1400ch whereas the first band is disappeared in all dexais except in Cu-Ni complex with a
red shift at 1457crh

Table (2): Fundamental infrared bands of alloxan (H,L.H,0) and its complexes

VM-
\Y = =
Compound VoH UNH  V(c(@2)=0) V(C(A) o> V(n=co) O Som Vc=o Ve Vcc S ° ov
(C(6)=0) e

3043 - 1451 1038 97

H,L;H.O 3430 2809 1767 1708 1397 1365 1252 1170 1021 ;gé
1 1771

[Fe(LY)(H20):Cl|2H.0 3437 - 06 - 1636 1400 - 1265 1162 - - 526
[Co(L)(H.0)J3H.0 3433 - - 1728 1633 1401 - - 1153 1096 - _ 583
[Ni(L9)(H.0):]3H.0 3431 - - 1723 1622 1400 - - 1161 1061 - 636
[Cu(LY)(H,0)]H;0 3435 - - 1737 1638 1401 - - 1155 - 77%33
[Cd(HLHH,OCI2H,0 3465 - - 1725 1638 - 1350 1290 - 1066 783 524
[CuNi(HLY),Cl,]5H,0 - - - 1717 igii 1457 1351 - - - - 617
CuCo(HL)(H,0);0H2C 2R,0 3431 - - - 1632 1400 1365 1290 1154 - 782 587
[CuUNiICo (L5)(NH2).Cly] 6H,0 3436 - - 1719 1636 1400 - 1293 1152 - ~ 580

f) The band at 1365cmis identified for theboy in free alloxan. It undergoes strong shift withire range of 1351-
1365cm” in mixed copper—nickel, copper-cobalt and cadmaamplexes, while it is disappeared in the othehis T
indicates the presence of the keto —enol tautomers.

g)The band at 1252 chassigned to thec.o[26] in the free ligand, undergoes a strong shifthie range of 1265-
1293cnt in the iron, cadmium, copper-cobalt and copper-ttatiakel complexes, while it is disappeared in the
others.

h)In the free ligandycnb and appeared at 1170¢nis disappeared in cadmium and copper-nickel cergs, while

in other complexes, it exhibits a strong shift Wwitthe range of 1152-1162¢m

i) Thevec 27]bands of alloxan appeared at 1021and 1038evhere the first band was absence in all complexes
and the second are observed only for Ni, Co, Cdpbexes within the range of 1061-1096tm

j) Three bands at 766, 781, 807 tassigned té¢c-o Sy, are disappeared in all complexes except 781 loamd is
shifted in Cu, Cd, Cu-Co complexes.

k)New intense bands appeared in all alloxan compléxeke frequency ranges 509-636 tnare attributed to
overlap the bands of;.c andvy.y.

The different modes of vibrations of the C=0 andHNyoups leading to assume that the hydrogen bgnidira
major importance. The separation in frequency fachegroup (e.g. carbonyl) reveals that the carbgngups
exhibit different bond order. One of the carbonybups is polarized under the influence of the miwkecular
charge transfer effect leading to a band with lowave number while the second is not charged |gaidiranother
band at wavenumber, depending on the coupling leetwhee characteristic vibrations of the carbonglugs.

IR spectra of Carmineand its complexes:

The infrared spectral data for carmine and its hutplexes, Table (3), gave the following:

a)One broad band appeared for carmine ligand at 3430is assigned due teny 28,29], and appeared in all
complexes, within strong shift in the range of 3@3@7cn'. This indicated the interaction between the matal
the OH groups

b)Thevcy band appeared in carmine free ligand and its immptex at 2928 and 2929¢mrespectively. But in the
other complexes, the band is absent.

c)Three bands at 1638, 1570 and 1470ame assigned te-cvcc in free ligand. The first two bands in all
complexes are shifted within the range of 1636-t853and 1564-1568cih) respectively, while the third are
absent in all the complexes.
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d)The carmine ligand gave only one band at 1412assigned tecocdon. This band is split into two bands in the
other complexes. This band is appeared in the rafdel01-1420crlin all complexes, but in Fe-complex, it is
strongly blue shifted to 1392¢hAnew band is present in the Co, Ni and Fe complexéigher frequencies within
the range of 1313-1340¢ So, the OH group is affected on complexation oe do the existence of water
molecule.

e)The voy bands appeared at 896 and 771dm carmine, while they are detected in Cu- andc&@mplexes at
(895,778crit) and (896, 853, 772ch respectively. But in cobalt- and nickel-complexésese bands are
disappeared.

f) The 3c-o bands in free ligand are observed at 667 and 6168ime two bands appeared in all complexes except
in Cu and Co complexes. The first band is unchanigetthe second is shifted within the range of-603cm’.
g)Thevco in the carmine is observed at 544 and 45%chime first band is shifted in case of the nickahplex and
disappeared in the other complexes. The secondibatadected only in iron complex.

h)The different modes of vibrations of C-C, C=C and @re affected on complexation, probably due ta tha
aromaticity of the formed chelate differs from tio&the ligand.

i) New bands are appeared in all carmine complex&sduency ranges 470-608¢mattributed tovy.o.

IR spectra of Naphthol yellow Sand its complex:

The infrared spectra of naphthol yellow S and @mplexes, Table (4), pointed to the vibrationahfrencies of
coordinated functional group (ex03,vno2 Vs.oven) are affected with different degrees.

a)Thevoy band is assigned at 3432¢nwhile in the corresponding cobalt-complex it bees at 3436¢th The
band at 3432cthin free ligand attributed to adsorbed water.

b)The intense bands at 1195, 1166 and 1148enfree ligand are assigned to thg®. They are present in its
cobalt complex, but the third band is absent.

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

Vc=c Vc-00
Vc.c [
1638 1290
HoL? 3430 2928 1570 *12 1079 ?g? g?g igi
1470 1046

1295
1653 1252 896

[FeHLD(HL)(H0MBH,0 3408 2929 1564 1902 1149 854 000 496 g4y

Compound VoH Ve VcoH VoH Vc=o Vco Vmo

1340 1079 772 ©03

1011

1420 1079
1313 -

1636

[Co(H,L2)(H,0)4] 3447 - 1568 608

1640 :
S ] 1403 1160 666 547
[Ni(HL?)(H,0):]2H,0 3435 1566 1315 1080 o004 a0
1019
1262 -
[CU(HL?)(H,0)] 3446 - 1651 1401 1078 ?gg S ggi
1564 1012

c)Six intense bands are appeared at 1540, 1470, 1428, 1393 and 1358 chin the free ligand assigned Qo
[30]. Some of them (1470, 1446, 1424 and 1358)care unchanged during complexation, while the 1640
band becomes 1525 &ni393 cnt band is disappeared and a new band is appearEDacnt, indicating the
involving one of the nitro group in complexation.

d)The ligand gave intense bands at 1124, 1104, 10834, 1011, 980, 953, 921 and 898grare assigned to the
vs=o These bands are disappeared on complexation @aiil) by coordinating through oxygen atom of the
sulphonic acid group except those at 1104, 103@ c&8" are remained.

e)The different modes of vibrations of C-C, C=C andHGre affected on complexation, probably due &t the
aromaticity of the formed chelate differs from tio&the ligand.

f) The appearance of new intense band in compleseifréguency 433cth is assigned ig.o.
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IR spectra of Hematoxylin and its complexes:

The fundamental bands ofsH (Hematoxylin) and its complexes, Table (5)llased that the vibrational
frequencies of coordinated functional groups (e«,Vc=c Vo) are affected with different degrees.

a)The characteristic IR bands at 3521 and 3407fanthe free ligand assigned to thg,, the first band (3521ch)

is disappeared in all complexes, indicating theiwement of the OH group in the complexation.

b)Four bands at 2975, 2931, 2906 and 2868onthe free ligand assigned tq., are disappeared in all the
complexes, where that the aromaticity of the forrmleelate differs from that of the ligand.

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

Vs=0

Compound voyOf H;O  Ve=dVc.c Vo2  Vso Ven Veo Ve=c VeH  Vnao VMo
1124
1540 1104
774
1470 1067
. 1059 1446 119° 1034 863 [22 588
3 3432 1424 1011 809 510
L 1289 1148 660
1223 1393 980 631 473
1358 953 616
921
898
1525
1632 134712 1195 1104 747
Col® 3436 1605 1167 1030 866 724 514 433
1217 142 082 628
1359
1302

Table (5): Fundamental infrared bands of hematoxylin( HsL* .3H,0 ) and its complexes

V-
Compound Vo Of O Von  Ve.n  Ve=dVec \;:OC;H Vcow Ve=c Von Vc=o Vm-0
585
oo 1720 1 960 827 528
HsL* .3H,0 3521 3407 2906 1642 1478 1085 939 816 490
1508 1324 887 801 445
2869 1034
580
1637
4 1297
[Fe(HLY)CI(H;0)s].4H,0 - 3459 - 1398 Toor - - 564
1637
[CO(HL*)(H:0)a].5H,0 3436 . 1484 1051 559
T 1336 -
1635 1488 1227
[Ni(HsL%)(H>0)s]5H,0 - 3419 - 1399 - - . bea4
1074
1317
1286
1630
4 1490 1219 690 512
[Cu(HsL")(H20)2].3H20 - 3436 - 1.."?69 1383 1040 - - 576 454
1078

c) Theve-cve.c bands are appeared in free ligand at 1720, 16425@8crit. The first band is disappeared in all the
complexes due to complexation, while the secondionra the complexes undergoes shift with the eanfj1630-
1637cnt. The third band is appeared only in case of copmenplex, while in case of iron, cobalt, nickel
complexes, it's disappeared.

d)Thevc.orvon modes of vibrations are detected at 1478and 133icthe free ligand. The first band is shifted in
all the complexes within a range 1484-1490amcept in Fe-complex, it disappeared. The secamd bindergoes a
strong shift in all complexes with the range of Z2B99cmdue to complexation via hydroxyl groups.

e)Thevcoy is detected at 1289, 1234, 1085 and 1034chhe first are shifted in iron and copper comptexand is
absent in cobalt and nickel complex&he second band is shifted in copper and nickelptexes, and disappeared
in iron and cobalt complexes. The third band iststiiin case of copper and nickel complexes to 1&¥81074cm

! respectively and disappeared in other complekhe. fourth band is red shifted in all the complergsept in
cobalt complex which is disappeared.
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f) Different modes of vibrations of C=C, C=0 and Old affected on complexation.
g)New bands appeared in all hematoxylin complexekerfrequency range 454-564¢nattributed tasy.o

Electronic spectral and magnetic susceptibility studies of Alloxan complexes:

a) The electronic absorption spectra of the deepibiiron—complex, [Fe®) (H,0)sCl].2H,0], in DMSO gave two
bands at 270 and 375 nm. The first band is assigmélte (t—10) transition, while the last band assigned to CT
(tzg—mE) transition. These data pointed to the possibditystrong solute—solvent interaction. At room ternapere
Lerf = 5.95B.M, suggests octahedral configuration in higlin state [31-34]. The molar conductivity valuwe f
complex in DMSO (1x18 mol) equals 0.002 ms/cm, where the anion existhéninner coordination sphere. The
structure of this complex is justified depending lmidentate nature of the alloxan through oxygen aitigchgen
atoms with the presence of three water moleculdsoae chloride ion in the inner sphere, Figure 2.

b) A great deal of interest has been devoted testhey of the electronic spectra of'Cal’, salts and complexes.
The ground state of the free Co (Il) ior, i3 “F and the first excited state“®. In octahedral field, the ground state
of Co (ll) is three fold4Tlg, states, while in tetrahedral field; the non-demgate®A, state is the ground state. In an
octahedral field, two spin multiplicities are iddietd. The high spin complexes wifFrzg(F) ground state have the
electronic configuration Q;)S(eg)2 with three unpaired electrons. The low spin corx%witthg ground state have
configuration (gg)‘a(eg,)l with only one unpaired electron [35]. The elecitoabsorption spectra of the violet cobalt-
complex,[Co(L})(H,0),].3H,0, in DMSO, gave two bands at 268 and 376nm, dughémge transfer transition, d-d
transitions and t8A,—*T,(P) transitions of the Td symmetry [36,37].Its rotemperaturgi = 4.36 B.M verified
such geometry. The postulated structure of thispternis based on bidentate nature of the alloxaoutfh oxygen
and nitrogen atoms with two water molecules initimer sphere and other molecules in the outer spifégure 2.

c) A large number of nickel complexes with coordiioim number from 4 to 6 are well known to give difnt
geometries such as octahedral, tetrahedral, squaneer and penta-coordinate. In cubic filed, #eground state
splits to singly degeneraf#\, and triply degenerate tern?¥; and>T,. In addition, two spin-forbidden bands
frequently observed at 770-909 nm duéAg, —'E, (D) and®A,,— 'E, (G) transitions.

In an octahedral field, no contribution from spirpid coupling is expected and the measured momanetsn the
range 2.8-3.3 B.M, very close to the spin-only ealMalues for octahedral complexes are slightlyahihe spin-
only that arise from slight mixing of a multipleta@ted states in which spin-orbit coupling is amiable [38]. By
elongating one of the axis of an octahedral complex limiting structure of the complex will be quare-planar
configuration. This structure automatically prodsieediamagnetic nickel (II) complex. In a squaradgl nickel (I1)
chelate, the separation of @nd ¢*,* orbitals is very large according to diamagnetiime bands may hide under
the charge transfer bands [39].The square-plamaplaxes are characterized by no electronic tramsitiat occurs
below 1000 nm. This situation arises as a conseaxguefithe large crystal field splitting in a squptenar complex.
Sometimes bands are observed below this regionidhzlieved to be vibrational in origin. The bardsated at
375 nm and 610 nm are assigned to be a typicahedtal geometry [40-43]. The presence of an aditioveak
bands at 710 and 760 nm, not observed with octaheate due to tetragonal distortion. The abseffieeband near
900 nm assigns the diamagnetic property and ig@xte indicates that the complex is of low-sppety

The electronic absorption spectra of the blue rial@mplex, [Ni(L})(H,0),].3H,0, in DMSO, gave different bands
at 287, 398, 461nm, due to probable charge traf€f€y transition nature and the d-d transitionspeztively. Its
room temperaturg,s = 4.48B.M gives an indication of the existence ofabedral configuration. Similarly
bidentate chelation of the alloxan through oxyged mitrogen atoms with the presence of four watelegules in
the innersphere supported its structure, Figure 2.

The electronic absorption spectra of the green eemmmplex, [Cu(t).2H,0].H,O, in DMSO, gave two bands at
266 and 358 nm. The first band is probably duehtodharge transfer (CT), while the last band isnigaio d-d
transitions. Thews =1.95M.B at room temperature points to square plageametry [44-46]. As given before, the
proposed structure of this complex depends on kadkeichelation of the alloxan through oxygen aricbgen atoms
with the presence of two water molecules in theisphere, Figure 2.

e) At room temperature, the cadmuim complex [Cd{fH,0)Cl].2H,0,shows a diamagnetic behavior, indicating
the square planar environment around the Cd(H) The electronic spectra of Cd(ll) complex dispthfferent
absorption bands in DMSO, at 268, 359, 386 andmt4 The first band is due tex* transitions, while the last
bands are mainly to d-d transtions. The molar cotidgity value for the complex in DMSO (1xFfnol) equals to
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0.003ms/cm. This confirms that the anion in compgedirectly attached to the metal ion. The streestof cadmium
complex proceeds in a similar manner to that opeogomplex, Figure 2.

f) The electronic absorption spectrum of the greewpper—nickel complex, [CuNi(H),Cl,].5H,0, in
DMSO,recorded three bands at 284, 397 and 462 hefifst is probably due to the charge transfer)(€ature,
while the maximum bands at 397 and 462nm are asdigoe t0°‘Azg(F)-3‘I'lg (F) transitions. At room temperature
Hefequals2.21M.B. However, the monomeric Cu- and Nimplexes give room temperature magnetic moment
values equal 1.95 and 4.48 B.M, respectively. Garesuggest the presence of copper in the mixed lexrtp force

the magnetic behavior of nickel to be diamagnetither than paramagnetic. The molar conductivityueafor
complex in DMSO (1x18mol) equals to 0.001ms/cm, which indicate the presef anion inside the coordination
sphere, Figure 2.

g) The electronic absorption spectra of the greepper—cobalt complex [CuCo(H)\(H,O)OHCL]2H,0, in
DMSO, show three bands at 267, 343 and 400 nmtauer* transitions, and d-d transtions, respectivelyithw
high spin stateisvalueof4.46 M.B. On the other hand, the data of &w Cu-monomeric complexes are 4.36 and
1.95 B.M, respectively. The mixed complex is neasfymagnetic moment value of that of monomeric toba
complexes. This suggests that, the possibility obthy Clf* is reduced to Cu The molar conductivity value for
complex in DMSO (1x18mol) equals 0.001 ms/cm. This confirms that th@amh complex is directly attached to
the metal inside the coordination sphere, Figure 2.

h) The electronic absorption spectra of the bluisken copper-nickel-cobalt complex [CuNiCo*)(INH3)
4Cl4]6H,0 in DMSO, exhibt two bands at 270 and 400wmiwe ton-n* and d-d transtions, respectively. However,
the molar conductivity value of the complex in DM$tx10°mol) equals 0.001ms/cm. The data of the mixed Cu-
Co-Ni- complex (totales =5.03M.B) compared to the monomeric Cu- , Co- andrhbnomeric complexes with
their per equal (1.95, 4.36 and 4.48 B.M), respectively, eh@f" is probably reduced to Cand predominated
cobalt exists, meanwhile nickel is forced by theiemmmental of the other component to be diamagn€&igure 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 ired—complex, [Fg(H;L?),(HsL?)(H,0)46H,0, in ethanol,
shows one band at 211nm, assignedie () transitions. It at room temperature equals 5.93B.M, to support of
O, configuration of high spin state [31-34]. The sture of this complex is based on bidentate natfithe carmine
through two oxygen atoms of OH group with four watelecules in the inner sphere, Figure 3.

b)The electronic spectral patternof the dark red tatmmplex, [Co(HL?(H,O)s and violet Ni(ll)-complex,
[Ni(H/L?)(H,0)4]2H,0, displyy one band at 215 +1 nm in ethanol, assigned togehmansfer transition nature.
Their magnetic momentvalues equal to4.96 and 3.02 Bespectively, to assign octahedral geometryiadometal
ion [47-50]. The structures of these complexesbaised on bidentate chelation of the carmine thrawghoxygen
atoms with existence of water four molecules initimer sphere, Figure 3.

c)However the dark red copper complex, [C#(F)(H,0),],in ethanol, exhibits one band at 217nm, is assigio
the e—T0) transitions. The complex has an effective room &mafure magnetic valyes (1.97B.M) of the square-
planar configuration[51]. The structure complexustified depending on bidentate nature of the daenthrough
two oxygen atoms with two water molecules in theeisphere, Figure 3.

- T oHa M .
H,0—>-M <OH,

/ \O 0]
6H,0 OH 'nHZO
HO Q.OH
HOY o
L _ 2
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[Cu(H-L?)(H20),]

Figure 3. The structures of carmine complexes

Electronic spectral and magnetic susceptibility studies of Naphthol yellow S complex:

The green Co-complex, [@.%)(H,0)Cl,]2H,0,in ethanol, display three absorption bands at 296, and 333nm,
due to transitions of charge transfer, d-d trams#tiand of T,;g(F)—*T,g(P) [52] transitions, with high spin state.
The pe value of 4.95 B.M is attributed to octahedral getny The structure of complex depends on the bidentate
nature of naphthol yellow S through two oxygen aarhsulphonic group associated with two chlorit@res and
two water molecules in the first site. In the setaite, the metal is attached with four water moles and two
oxygen atoms, one of them from the nitro group. war conductivity value for complex in ethanok{0°mol)
equals to 0.002 ms/cm. The molar conductance valtlieates that the anion exists inside the coot@inasphere,
Figure 4.

g Cd 2H,0
LT
H,0

NO,

[Cox(L3)(H20)6Cl2] 2H,0

Figure 4. Thestructures of cobalt naphthol yellow S complex

Electronic spectral and magnetic susceptibility studies of Hematoxylin complexes:

a)The electronic spectra of black iron, cobalt andkei complexes of hematoxylin[FefH)(H,0)Cl].4H,0,
[Co(HsL*)(H,0)4]5H,0 and [Ni(HL*)(H,0)]5H,0, respectively, exhibit three bands at (326, 48Bnm), (256,
287, 300nm) and (248, 325, 400nm), respectively Bdnds at the 248, 256 and 287 nm are probablyodctearge
transfer transition, while the bands in range 3088 are attributed to charge transfer transitioth @ ,g—>Tg
[53]. The complex gave room temperatuggvalues of 5.93M.B, 5.06M.B and 4.98 M.B, typifidtetexistence of
O, configuration of high spine state.

The molar conductivity value for iron-complex irhanhol (1x10'mol) equals 0.002 ms/cm. The organic compound
is of bidentate nature. The structures of theseptexes are represented in Figure 5.

b)The electronic spectrum of black Cu-complex [Cs(Bi(H,0),]3H,0,displays four absorption bands at 250, 269,
339 and 377nm. The first two bands are probablytdusharge transfer transition, while the last’snare assigned
to d-d transition in the square planer geometris ply value equals to 1.82.B.M suggesting the squareaplan
structure. The structure of this complex is depegdin the bidentate nature through oxygen atom®©bf group
and two molecules water in the inner sphere, Figure
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Figure5. The structures of hematoxylin complexes

Electron Spin Resonance (ESR):

The room temperature ESR of green copper alloxanptex with formula, [Cu(t)(H,0),].H,0 and black copper
hematoxylin complex with formula [CugH®)(H,0),]3H,0, give well clear spectral bands. The=gjer X Bref Bs,
where gy is constant equals 2.0036 angs B constant equals 3322 gauss.

The calculated values of fpr two complexes equals to 1.68 and 1.69, with 479.16x10cm® and 312.5x168cm
! respectively. These values could be pointed &paation or partial reduction for copper. GengralCu'
complexes having a lower symmetry than octahedrateua free rotation or give complexes containingssgly
misaligned tetragonal axes, of magnetically dilingeraction, leading to isotropic spectral feat(isd]. The
corresponding equation for the isotropic A value is

o = 1AI/PK + g -2.0023/K

P is the free-ion dipole term proportional’td and is given a value of 0.036¢nK is the Fermi contact term and is
usually given a value of 0.43. If the assumpticat #rror on using the above equation is due to @dafibution is
correct, then this equation can be written in tvenf

o= 1AI/PK + g -2.0023/K + 1- B PK

Based on the preceding data, tieand E values in copper alloxan and copper hematoxylingexes are (0.138,
0.0154) and (0.93, 0.0154), respectively.

However, in case of rhombic dark red copper carntiomplex with the formula, [Cu@i?)( H,O),], gave three
peak at 2104.14, 3645,78 and 3979.11 gauss valithsgy & and g tensor values 3.16, 1.82 and 1.67,
respectively. The & &> g isdue to misalignment of local copper (Il) enviraemh The calculated,gvalue (2.21)

is obtained from the following equation:

O =301+ B + )

In the present case, the parameter R [55,56] isulzdbd from the relation R = (@, / &-02). If Ris > 1, a
predominantly dzground state is assigned with trigonal bipyramigkdmetry (TBP), while with R<1, the ground
state should be d%? of square pyramidal geometry (SPY) [57,58].Theudmif the R value of this complex
typified the existence of five coordinate (TBP) gery of dZ ground state, where R = 8.93 (i.e., R>1). But from
the previous data of I.R. and magnetism, wheregtmmetry of carmine copper complex is square plaitiée the
ESR data, pointed to (TBP). So, the scope pointethé existence of a dynamic equilibrium between tilvo
geometries in the solid state, Figure (6). The datacollected in Table (6).
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Figure 6: Proposed structuresfor carmine-copper complex

Table (6): ESR spectral propertiesfor some copper complexes

Complexes Type o) %(9) g <g> A (A)x10*(em?) o R
[Cu(LY)(H20),].H.O Isotropic - - - 168 479.16 0138 -
[Cu(HsL*)(H.0), 1.3H,0 Isotropic 1.69 312.5 0.93
[Cu(HL*)(H20)] Rhombic  3.16 182 167 221 - 8.93

Thermal analysis studies:
The order of the thermal reaction (n) can be ddtedhfrom the symmetry of the DTA curve. That isgly a/b,
the reaction order and the asymmetry of the pek [ are calculated as follows:

S=0.63A n = 1.26 (a/b}”?

The value of the decomposed substance fraatigrat the moment of maximum development of reactieith(T =
T being determined from the relation [60].

(1_ Gm) - n(l/ 1-n)

The values of collision number, Z, can be obtaimedase of Horowitz Metzger by making the use @f tblation
[61]:

;- E ( E )_ KT, As*
“ R, ?PP\RTz) T Th PR

Where,AS" represents the entropy of activation, R molar g@sstantgrate of heating (K%, K the Boltzmann
constant and h the Planck's constant [62].

The heat of transformatiodH”, can be calculated from the DTA curves [63]. Imel, the change in enthalpy
(AH™) for any phase transformation-taking place atp@esk temperature,fcan be given by the following equation:
AS' =pH I T,

\/

1. Thethermogravimetric analysis:

a)The thermogravimetric curve for the alloxan wasisitated in the Figure7, Table 7.The first stepttin
temperature range 146.32 - 209@@ssociated with mass loss (Found-11.47@alc-11.24 %) is due to loss of
hydration water molecule [64]. The second stepithinwthe temperature range 217.07 - 288®4ssociated with
mass loss (Found-30.33%alc-30.60 %) due to loss of HN and 0.5C®he third step, within temperature range
285.54 - 416.8°C associated with mass change (Found-24.6T#c-23.11%) results loss of NH,@nd 0.5C. The
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fourth degradation step within temperature rang6.8l - 599.59C with mass change (Found-32.64%alc-
34.98%) is due to of loss two molecules of carb@maxide.

b) The octahedral deep brown iron-complex, [F¥H,0):Cl]2H,0, Table 7, shows two successive TG peaks.
The first peak is assigned to the loss of hydratatér molecules [65] at temperature range 28.38-2AC, while the
second step is attributed to the loss of rest ¢oatd water, 3CO, Cl and,olecules at temperature range 113.2 -
666.9°C. The second step is the final stage with fornmaition metal oxide and C as final products.

C)The TG curve of the violet Co-complex, [CdJ(H,0),]3H,0, Figure7, Table 7, shows two decomposition stages
pattern within the ranges 49.75 — 26?@%nd 267.21 — 561.2T, respectively, corresponding to the loss of all
water molecules, and to loss of -4C, 0,58d Q molecules. However, increase of temperature wdedd to
formation of cobalt oxide as a final product.

d) The blue nickel-complex, [Nif)(H,0)s3H.0, Table 7, indicated that the complex is therma#lgamposed in
five steps. The first decomposition step represtrgdoss of two molecules of water in the outeesphwhile the
second step with an estimated mass loss of (Fou#B%8 Calc6.92%) can be attributed to the liberatiorbWater
molecule. The third and fourth steps occurred withie temperature range 221.77 — 36%44and 367.41 — 619C,
respectively, which accounted of removal the réstoordinated water, 4C, Nand 2.5Q molecules. The fifth step

is attributed to elimination 0.50Further, heating would yield nickel oxide [66].

e)The TG of the pink cadmium-alloxan complex, [Cdl#{H,O)CI]2H,0, Figure7, Table 7, starts to decompose
around 48.4%C. This stage continues until 120°23and one water molecule is eliminated from outezsp [67].
The main degradation steps start at temperatuigeraf0.23 - 297.9@ and 297.99 -589.68 with overall mass
loss of 62.49%. These are due to removal the fasater molecules, YO, HCl and 3CO molecules. However, final
product from degradation process is cadmium metal.

f) The TG curve of copper-carmine complex, [CH(B(H,0),]3H,0, Table 7, exhibits three decomposition peaks
at temperature range 21.24 - 107@35107.35 - 203.9€ and 203.99-433.92, respectively. The first step is
assigned to elimination of 28 and 20H molecules [68], while the second stein¢tuded lost 3C and CO
molecule. The third step is associated with mass [¢-ound-60.63% Calc-60.34%) due to removal -24ds),
ethylene, 3CO and 5.50nolecules. However, the residue from decompostiips is attributed to copper oxide
[69-71] as final products.

g) The TG curve for green cobalt-naphthol yellow S pter, Table 7, shows mass loss at temperature range
19.36 - 170.7%C indicating the absence of water molecules inctiraplex [72]. By increasing the temperature, the
TG curve of the complex exhibits a sharp drop atterature range 170.75- 508'68vhich may be due to the loss
of the GgHsN,S + CL+ 50, molecules (large part of complex) and the restoofrdinated water [44]. However, the
residue from decomposition steps is attributeddioatt (111) oxide as a final product. TG data ofphéhol and its
complex are indicated that the naphthol ligand éserstable than its cobalt complex.

h) The TG data of copper-hematoxylin complex [Csl(Bi(H,0),]3H,0, Table 7, exhibit three decomposition
peaks. The first peak at temperature range 37.815%3 is assigned to successive removal 3.5 of watdegnles.
The second peak is detected at temperature ran@®-1335.58C, and is attributed to loss ofglfs CO, and
1.5H,0. The third peak is shows at temperature rangeb33m09.938C, which is assigned to successive removal of
CsHgand 3CO molecules. However, the residue from dedi@u steps is formation of CuO.

2. Thermodynamic and kinetic studies:

To assess the influences of the structural pragedf the chelating agent and the type of the noetahe thermal
behavior of the complexes, the order (n) and the bé activation E of the various decompositiongstawere
determined from the TG using the Coats- RedfeB).[The rate constant is normally expressed byAttreenius
equation:

E
k= Aexp(-==%
P( RT)
Where E is the activation energy, A is the Arrhenius pxpanential factor which indicates how fast the tigac
occurs and R is the gas constant in Jhi#alOn the basis of the following equation [74-76]:
Ea
RT

it is possible to analyze experimental data byititegral method, in order to determine the degiadakinetic
parameters A, £

In(l—a)z—%‘]‘ expE—=2)dt
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The Coats-Redfern [73] method is as follows:
E
2Dy = AR - Ea
T BE

RT
Where g) = 1- (1)*"/1-n for n# 1 and g¢) = -In(1-0) for n= 1, R is the universal gas constant. Theetation
coefficient, r, was computed using the least squanethod for different values of n (n=0.33, 0.560and 1) by

plotting In [L‘j)] versus 1/T for the investigated metal compleXd® n-value which gave the best fir(dl) was
T

chosen as the order parameter for the decompositéme of interest. The data obtained are repredémtTable 7.

Table 7: Decomposition stepswith the temperaturerange, Kinetic parameters evaluated by Coats-Redfer n equation and weight loss for

the compounds and their complexes

Compound Temperoature Ea A Removal species wt. Loss
range’C /KImol* /St Found% Calc%
146.32-209.9%  146.62  4.8x1§ H.0 11.47 11.24
217.07-2855€ 14374 6.1x1d HN+CG 30.33 30.60
[H.L'H-0 285.54-416.8C  61.44 382.93 0.75CHENH 24.67 23.11
416.81-599.5C  132.18 1.6x10 2CO 32.64 34.98
599.51 - 606C - No residue 0 0
28.5-113.2C 50.38 18.47 2.25/D 12.51 12.59
[Fel(H,0)sCl2H,0 113.2- 666.8C 13.96 6.2x 10  2.75H0+3CO+N+CI 59.28 61.28
666.9 - 706C Fe +CO residue 27.99 26.08
49.76 - 267.2°C 27.62 0.385 5pD+0.5N, 35.51 35.98
[CoL'(H,0),]3H.0 267.21-561.6%  50.88 501.34  4C+0.5MN3.5Q 41.00 40.82
561.68- 606C CoO residue 23.48 23.15
30.14- 140.9%C 39.82 1775 24D 10.79 11.08
140.99 - 221.7C  84.96 1.8x10 1.25H0 6.45 6.92
INIL {(H,0)J3H;0 221.77-367.4C  64.68 239.4 3.75#0+0.5Q+0.5N, 27.76 27.55
367.41-612.7%C  101.68 1.9x10 4C+0.5N+O, 30.90 28.95
612.7(- 665.7°C  302.6: 5.8x1C  0.5G 2.71 2.4¢€
665.75 - 700C e NiO residue 23.00 23.00
43.13- 251.0%C 33.08 1.48 3kD+CO+1.5G+0.5N, 46.71 46.58
) 251.05-342.3C 14532 23x1 2C+0.5G+0.5N, 17.66 17.86
[CUL(H-0)]H-0 342.30-509.26C  84.28 47915 CO 10.92 10.87
509.26 - 608C Cu residue 24.69 24.66
48.45- 120.2°C 43.3¢ 1.5x1¢  H,0 5.1F 5.2/
. 120.23-297.9%C  42.40 9.16 2kD + 0.5NQ 15.22 14.84
[CAHLHOCI2H,0 297.99-598.6%€  77.15 27.21 4C+HCI +0.5M8.50, 47.27 4534
598.68 - 600C Cd residue 30.34 32.77
41.6 - 106C 64.76 3.6x10 C,H,+CO +Q 17.36 17.46
106- 170C 54.53 2.7x1® CH,+2C 7.36 8.12
199.Z- 288.2C 95.3¢ 4.3x1C CH,+CG, 14.2¢ 14.21
[HoL? 288..- 345.2°C 152.3: 2.3x1C°  GsHs+3CC 31.0¢  30.2¢
345.4 - 420.9C 158.04 1.3x10 CHs+ CO +CQ 17.05 17.66
420.1- 488.8%C 159.37 7.9x10  CHs+ CO 13.58 11.98
488.9- 600C T NO residue 0 0
30.08 - 128.06C 49.48 1.1x10 4H0+C 13.08 13.51
2 128.06-328.2°C  35.61 0.81: CeHs + 2CC, 27.1¢  26.7:
[CoH L (H-0)] 328.28-506.3°C  68.5¢ 41.5] 2CeHs + 7C, 4460  43.1°
506.34 - 600C e CoO + CO residue 15.12 16.56
28.02 - 130.XC 64.68 1.1x1®  6H,0 + 2HO 21.89 21.60
[NiH7L%(H20)4]2H.0 130.2 - 666C 23.52 2.6x18  C;gH10s 54.02 54.78
666 - 700C NiO + 2C +2CO residue 22.98 21.15
21.24-107.3°C  51.8] 52x1¢¢  2H,O + 20k 10.5¢  11.8¢
) 107.35- 203.9°C  50.6¢ 5485¢ 3C+CC 10.5¢  10.8¢
[CURLA(H0RI8H0 55399~ 4339 37.14 0.500 2@s+ C,H,+ 3CO+5.5Q  60.63 60.34
433.92 - 600C CuO + CO residue 18.27 18.23
24.85-4657C 201.19 3x 10 0.5C 1.36 1.68
L 260.94 - 456.9C  93.02 16x1® 55C+3H+1.25Na+ SO  53.87 54.38
542.43-599.°C  329.1' 1.7x1(’" 0.75Ne 5.01 4.8.
599.6 - 606C e 4C + 2NQ+ H residue 39.75 39.29
[Co,L7 19.36-170.75C 26.99 2.67 1.25}0 3.34 3.48
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170.75 - 508.8 45.22 1.02x10  CyHsN;SCELO, + 6.75H0 71.06 70.81

508.68 - 600C e CaqO; residue 2558  25.07
26.9 - 85C 62.43 1.2x10  2H,0 9.36 10.05
85-185.€C 97.7: 35x1¢  H,0 7.87 5.0t
[HsL*3H,0 185.8 - 312.%C 21766 53x15 20H+C 11.80 12.91
312.2- 430.71C 71.66 356.62 s 22.12 22.45
430.7-520C - e GHgO, residue 49.76 50.86
40 - 140°C 39.32 14789  4.750 16.02 16.51
[FeHsL*(H,0):Cll4H,0 140 - 694°C 19.03 1.07xf0 CsHs+ 3CO + 2.25H0 37.62 36.62
694- 700°C CgH;OsFeCl residu 4540 46.8]
37.51- 130.5C 51.16 1.7x10  3.5HO 13.52 13.88
. 130- 355.58C 33.58 0.373 s+ CO, +1.5H0 3430 32.85
[CuRL(H00I3H0  —eree g g 5178 0.608  Glo+ 3CO 3514 3596
559.93- 606C e CuO residue 17.02 17.52
34.03- 163.5% 39.30 146.89  6.2560 21.49 2158
4 163.53-337.6 52.63 31.53 2.758 + 2CO 20.27  20.24
[CoHsL (H,0)I5H,0 337.63-544.3€C  98.85 6.8x1D  2GHs+ O, 35.69 36.06
544.38-600C - Co + 2CO residue 2255  22.05

i) All decomposition stages showed a best fit forh =

ii) The activation energy,Fincreases clearly for the subsequent degradatiaps revealing a high stability of the
remaining part of the chelate. The highest valuggassting a high stability due to their covalemdbaharacter[77].
iii) According to the values of the total activation rggyethe thermal stability of the metal complexathwdifferent
ligands decreases in the order:-

1. For the alloxan complexes:
[Fe(LY)(H,0)sCl].2H,0>[Ni(LY)(H,0)4]3H,0>[Cd(HL")(H,0)Cl]2H,0>[Co(L*) (H,0),]3H,0>[Cu(L*) (H,0),]H,0.
2. For the carmine complexes: [Ni{I:F)(H20)4]2HZO > [Co(H,L?)(H20),] > [Cu(H,L%)(H,0),]3H.0.

3. For naphthol yellow S: $>[Co,(L?)(H,0)sCl,]2H,0.

4. For hematoxylin complexes: [FefH’)(H,0);Cl]4H,0 > [Cu(HsL*)(H20),]3H,0 > [Co(HsL*)(H,0)4]5H,0.

iv) The value of (A) parameter lies in the range 1.00%o 3 x16™.

3. The differential thermal analysis:
The DTA data of organic compounds are given in &aBl The data allow the following observations and
conclusions:
a)The DTA of alloxan, Table 8 and Figure 8, givessthipeaks, the first tow's are exothermic peakHatahd
657K with activation energies 62.69 and 63.38 KJ/mithwrders of 1.3 and 1.2. The exothermic pealirst step
is due to elimination of 0 molecule. The third is endothermic at A8%vith activation energy 52.00 KJ/mol and
order of 1.04.
b)The red carmine compound, Table 8, gives threeessoee DTA peaks, where the first is endothermi8sdfK
with an activation energy 44.90KJ/mol and order, foBowed by another exothermic peaks at 577 a@K with
activation energies 61.73and 54.54KJ/mol and ordkis3 and 1.6, respectively.
c)The DTA curve for naphthol yellow S, Table 8, shoavs exothermic peak at 346 with activation energy of
62.09 KJ/mol and an order of 1.5, and another dwalotic peak at 70K with activation energy and an order of
17.74 KJ/mol and 0.5, respectively.

Table8: DTA parametersof theligands

=
Compound Type n O slope  T/°K  AE/KJImol' 10°Z/Sec KJI?’lSrin ot KJAmHo\'l
Exo 1.304 0.577 -7.445 353 62.96 0.021 -0.297 -103.77
Alloxan Endo 1.047 0.554 -8.246 489 52.00 0.016 -0.302 -147.73
Exc 1.292 0.59¢ -5.547 657 63.3¢ 0.00¢ -0.31( -203.8¢
Endo 1.551 0.536 -5.401 351 39.96 0.015 -0.300 -104.70
Carmine Exo 1.316 0.580 -7.425 577 61.73 0.012 -0.305 -176.41
Exo 1.626 0.539 -6.560 729 54.54 0.008 -0.310 -226.47
Naphthol yellow S Exo 1.527 0.552 -7.468 345 62.091 0.021 -0.297 -102.51
Endo 0.552 0.734 -2.134 704 17.746 0.003 -0.297 -0.2979
Exo 0.759 0.681 -3.352 365 27.872 0.009 -0.304 -111.22
Hematoxylin Endo 1.174 0.604 -10.283 429 85.492 0.023 -0.298 -127.88
Endo 1.162 0.580 -10.488 525 87.197 0.019 -0.301 -158.18
Exo 1.317 0.681 -15.882 609 132.042 0.026 -0.300 -182.89
Cyanine Exo 1.693 0.532 -3.060 373 25.447 0.008 -0.305 -114.08
Endc 0.93¢ 0.64: -5.10¢ 47E 42.44: 0.01( -0.30¢ -145.3%
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d) The differential thermal analysis curve of hematixyTable 8, consists of four peaks. The firstpstgve an
exothermic peak at 36& associated within elimination of & molecules. Its activation energy and the ordeewe
evaluated at 27.87 KJ/mol and 0.7, respectivelye Becond exothermic peak is appeared afk6@gith an
activation energy 132.04 KJ/mol and order 1.3, eeipely. Two endothermic peaks are shown at 42D 5K
with activation energies 85.49 and 87.19 KJ/mothwirders of 1.17, 1.16, respectively.

e) The DTA curve for cyanine, Table 8, shows two brgahks. An exothermic peak at 8K3has activation
energy 25.4KJ/mol, and order is equal to 1.6, rethgedy. The endothermic peak is detected at®M7&ssociated
with an activation energy 42.4KJ/mol, and an oafdd.9, respectively.

The change of entroppS’, values for all organic compounds, is nearly & $ame magnitude and lie within the
range of -0.29 to -0.3 KJ/K mol. So, the transitkiate are more ordered, the fraction appearetearcalculated
order of the thermal reaction, n and the calculatddes of the collision parameters, Z, showedrectlirelation to
E, [78]. The values of the decomposed substanceidract, at maximum development of the reaction were
calculated from Coats-Redfern [73] equation. Ihéarly with the same magnitude and lies within ridmege 0.5 -
0.7.

Based on least square calculations, th&Trnversus 1000/T plots for all organic compoundsegsivaight lines from
which, the activation energies were calculatedpating to the methods of Piloyan et.al [79]. Thdesrof chemical
reaction (n) was calculated via the peak symmethod [80-83].

4, Differential Scanning Calorimetry (DSC):

Typical DSC curves obtained for iron, nickel- ablox copper-carmine and (iron, cobalt, copper) - dtemylin
complexes, Figure9, are done under a flow gfaNheating rate 2@/min in the temperature range 25-700It is
clear that there are no glass transition tempezat(ify) for all complexes, where the crystallization tergiures
(To) for all complexes are at 162.94, 74.13, 96.99%,8219.03 and 117.16 [83,84] respectively, also the melting
temperature () is recorded at 234.52 only to nickel- alloxan complex. However, the D&8@ve for iron- alloxan
complex gave very strong endothermic peak at 8C.1tds probability of adsorbed water.

The heat capacity can be determined by dividinghte flow by the heating rate. The variation ofv@psus T can
be represented using Debye model [85,86] as thmfivlg relations:

C,=aT’+)T. CTP=aT2+y

Where (a) is the slop of the line and (b) is thterigection of the line with y-axis f@xis). (G) is the specific heat at
constant volumeyj is constant equals Tcal/gram. mole).

By plotting G/T as y-axis and as x-axis we get a straight line with a slope éguand hence the Debye
temperature can be determined framlso the intersection with y-axis gives the caiffit ¢), Table 9. Figurel0
represents the variation of Cp/T versddar iron-hematoxylin complex as a demonstration.

Table 9: The dopesand intercept for DSC curves of some complexes

Complex C,=aT+b G/T=aT%+y

a b A T
[FeL:3H,0OCIJ2H,0 0.13¢  -48.1f 3x1C’ -0.031
[NiL *4H,0]3H,0 0066 -21.16 2xIb -0.019
[CuH,L?2H,0] -0.276 78.22 1x1® 0.087

[FeHL*3H,0CIl6H,O 0.058 -21.4 2x1I0 -0.02
[CoHsL*4H,0]5H,0 -0.478 155.96 2x10 0.180
[CuHsL*(H,0),]3H,0  -0.302  98.02 1x1® 0.113
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Table (10): Bond lengths, Bond angles, Dihedral angles and Char ge atoms of alloxan

Bond lengths (A Bond angles®} 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)33C(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)3}{O(10) -179.684 H(2) 0.000

N(D)-H(2) 1.007 _ H(2)}-N(1)-C(8) 117.363 _ H(2)-N(1)®){C(4) 179 C(3) 0342
C(3)-C(4) 1497 N(1)-C(3)-C(4) 117.314 H(2)-N(1)3}O(10) 0 C(4) 0149
C(3)-0(10) 1.22 _ N(1)-C(3)-0(10) 119.019  C(3)-N(I(BGN(6) 0 C(5) 0341
C(4)-C(5) 1497 C(4)-C(3)-O(10) 123.668 _ C(3)-N(1(BEO(9) 179 N(6)  0.242-
C(4)-0(12) 1223 C(3)C@4)C(5E) 11673  H(2)NL)SHN(6) -179.684 H(7)  0.000
CG)NB) 1371 C(3)-C(4)-0(12) 121551  H(2)-N(L8FO(9) 0 C(8) 0425

C(5-0(11) 122 C(5)-C(4)0(12) 121.72 _ N(1)-C(3MEC(5) _ 0547 0O(9) _ -0.265
N(6)}-C(8) 1.36¢ C(4rC(5r-N(6) 117.31( N(1)-C(3)C(4-O(12 _ 179.45. O(10 _ -0.18(
N(6)}-H(7) 1.007 _C(4)-C(5)}-O(11) 123.603 _ O(10)-C@GM)-C(5)  179.451 O(11)  -0.180
C(8)-0(9) 1.207 N(6)-C(5)-O(11) 119.08 O(10)-C(IUEO(12)  -0.448  O(12)  0.194-

C(5)-N(6)-C(8) 125499 _ 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)  -1353

H(7)-N(6)-C(8) 117.295 _ O(12)-C(4)-C(5)N(6)  -1884

N(1)-C(8)-N(6) 117.646 O(12)-C(4)-C(5)-O(11) _ 01

N(1)-C(8)-0(9) 121177 _ C(4)-C(5)-N(6)-C(8) 0
N(6)-C(8)-0(9) 121178 _ C(4)-C(5)-N(6)-H(7) 179
O(1L-C(5yN(6)-C(8) __ -17¢
O(11-C(5\N(6)-H(7) 0
C(5)N(6)-C(8)N(1) __ -0.31¢
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)-0(9) __ -0.316

TGA
mg
6.00L o Tteee [Hala] HzO
s [ aly). 2F 0] 3E 0 — — —
Ol 2 O] HeD e
[CACTLA O )] 2 D

4.00r
2,00
0.00F

0.00 100.00 200.00 300.00 400.00 500.00 600.00

Temp [C]
Figure7: TGA curvesfor alloxan and some of its complexes
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Figure8: DTA curvesfor alloxan
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Figure 9: DSC curvesfor iron-, nickel-alloxan and iron-hematoxylin complexes
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FigurelO: Thevariation of C,/T versus T?for iron-hematoxylin complex

Molecular modeling:

The molecular modeling calculations are widely @asing nowadays for the expectation of the mechmabisthe
reactions and the identification of the product§[dhis saves time and money. The multidentatentigaincluding
nitrogen, sulphur and oxygen atoms are versatile aseful for assembly new molecules, because tkay c
coordinate with many transition metal ions. Thie $ynthesis and structures of new complexes gnifisant for
understanding the biological phenomena and exptpitrtificial [88] models. Also, a theoretical sappfor the
experimental finding regarding the donor atoms ddag obtained on comparing the models of the coxeplevith
that the free ligands.

Molecular modeling is a collective term that refesstheoretical methods and computational techrigunemodel
the behavior of molecules[89-91]. The techniquesweed in the field of computational chemistry, patational
biology and materials science. The simplest calimria can be performed by hand, but inevitably corers are
required to describe atoms (nucleus and electrdiectively) as point charges with an associated andhe
interactions between the neighboring atoms areritbestby spring-like interactions (representingroiml bonds)
and Van der Walls forces. The molecular modelingwations of the free ligands (alloxan, carminemtatoxylin,
naphthol yellow S) are recorded. Figure (11) anbdl§ #10) are given for illustration, concerning thend lengths,
bond angles, charge and dihedral angles. Theselatims are based on neglecting the possibilithydrogen
bonding and using hyper chem, version 8, program.

Application of Hyper chemistry program:

According to Frontier Molecular Orbital theory (FNM®f chemical reactivity, transition of electrondse to an
interaction between HOMO (highest occupied molacataital) and LUMO (lowest unoccupied moleculabitsil)

of reacting species. The energy of HOMO is directlated to the ionization potential. Higher valuwdsE om0
indicate a tendency of the molecule to donate eledio appropriate center molecules with low enesgempty
electron orbital. The energy of LUMO is directlyyated to the electron affinity and characterizes shsceptibility
of the molecule to attack by a nucleophile. Thedowalues of Eyuwo, the stronger electron accepting abilities of
the molecules. The quantum chemical parameje(glectronegativity), Pi (chemical potentiafj(hardness) and
o(softness) were calculated [92-94]. The concepthese parameters are related to each other, where:

2 - 2
The inverse of the global hardness is designatédeasoftnessal).

Pi=x pi _ Enomo*ELumo (Hardness) = Eromo - ELumo
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(Softness) o = 1
n

Figure (11): Molecular modeling of alloxan

In case of alloxan, the same bond length is recbli#ween the following pairs of atoms, N(1)-C(8}1)-C(8),
C(5)-N(6) and N(6)-C(8). All of them are nitrogendacarbon atoms leading to 1.37Avhile C(3)-O(10), C(4)-
0(12), C(5)-0O(11) and C(8)-O(9) carbon —oxygen atdead to 1.2 A

Table (11): The calculated quantum chemical parametersfor compounds

Compound Eiomo Eumo AE  Hardness Softness
Alloxan -11.11  4.74 937 4.68 0.21
Carmine -9.3t -4.27  5.0¢ 2.5¢ 0.3¢
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 némogtoms leads to shorten the bond length dueetonibre
electronegativity character of oxygen and nitrogémms. The bond angles are 117 and’ 18k least is 116.73
Also, it seems that, some of dihedral angles ath wi79, where the distributions of the atoms are in thee
plane, which occurs in case of N(1)-C(3)-C(4)-Q(X2(10)-C(3)-C(4)-C(5) and H(7)-N(6)-C(8)-N(1)etlothers in
different planes, C(8)-N(1)-C(3)-O(10), H(2)-N(1)3J-C(4), C(3)-N(1)-C(8)-0O(9), H(2)-N(1)-C(8)-N(6)C(3)-
C(4)-C(5)-0(11), O(12)-C(4)-C(5)-N(6), C(4)-C(5)-8)¢H(7) and O(11)-C(5)-N(6)-C(8).

In some cases, the dihedral angles are zero. Hystems are H(2)-N(1)-C(3)-O(10), C(3)-N(1)-C(8)eIN(H(2)-
N(1)-C(8)-0(9), C(4)-C(5)-N(6)-C(8) and O(11)-C(H)Y6)-H(7). This is attributed due to the orientatiand
distributions of atoms are in different environmsestich as parallel, anti parallel leading to zedoies.

The molecular modeling calculations of carmine ligand are given the following:

The same bond length is recorded between C-C a@dams, where the bond lengths are 1.4, 1.5 ghdlB A,
respectively. Different bond angles are recordevéen atoms of carmine ligand, where the large beomgle is
133.3, the least is 100.79Also, it seems that, some of dihedral anglesnatle 1781, where the distributions of
the atoms are in same plane, which occurs in tee 0& C(6)-C(1)-C(2)-C(26), O(21)-C(1)-C(6)-C(5)2-C(1)-
0(21)-H(22), C(1)-C(2)-C(3)-0(19), C(2)-C(3)-C(4)Q, C(3)-C(4)-C(5)-C(10), C(2)-C(26)-0O(27)-C(353(2)-
C(26)-C(28)-C(29), C(4)-C(5)-C(6)-O(17), C(8)-C(GJ14)-H(54), C(10)-C(9)-C(14)-C(13), C(11)-C(12)43}-
0(23), C(12)-C(13)-C(14)-H(54), 0O(23)-C(13)-C(14{9%, C(12)-C(13)-0(23)-H(24) and 0O(27)-C(35)-C(36)-
0(37).

The other systems in different plane are O(21)-C®)-C(3), C(26)-C(2)-C(3)-C(4), O(19)-C(3)-C(4)5J,
C(26)-0(27)-C(35)-C(36), C(10)-C(5)-C(6)-C(1), C{Z}8)-C(9)-C(14), C(8)-C(11)-C(12)-C(25), C(29)-2§3
C(35)-C(36), C(25)-C(12)-C(13)-C(14), C(12)-C(25]39)-H(40), H(51)-C(32)-C(35)-H(50), C(32)-C(35)3I&)-
H(45) and H(50)-C(35)-C(36)-H(46). It seems thattmanly one case of dihedral angel equals zerd; (86)-C(2)-
C(3)-0(19). Different environment, such paralletiamti parallel, leading to zero value.

Naphthol yellow S have different bond lengths, veh®rNa is longer bond comparing withG-8+C and C-H.
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In HsL* (Hematoxylin), the same bond length is recorde/een pairs atoms as O(1)-C(6), C(2)-C(3), C(2)ag(1
C(5)-0(26), C(8)-C(9), C(10)-C(11), C(11)-C(12) ar@(19)-C(22), all of them are carbon- carbon aatbon-
oxygen atoms leading to bond length equals 1480 , some of dihedral angles are with 278, where the
distribution of the atoms are in the same plandiclvoccurs in case of Lp(38)-O(1)-C(6)-H(30), GEAR)-C(19)-
0(20), C(4)-C(3)-C(18)-C(23), C(10)-C(7)-C(8)-C(9(4)-C(7)-C(10)-C(11), H(35)-C(10)-C(11)-C(12), 10O)-
C(11)-C(12)-0(16), O(14)-C(11)-C(12)-C(13), O(16(12)-C(13)-C(8), C(11)-C(12)-0O(16)-H(17), O(20)-©p1
C(22)-C(23), and the others in different planes@¢#)-C(2)-C(3)-C(18), C(19)-C(2)-C(3)-C(4), O(1)Z-C(19)-
C(22), C(4)-C(7)-C(8)-C(13), C(8)-C(7)-C(10)-H(3%)(7)-C(8)-C(13)-H(32), C(9)-C(8)-C(13)-C(12), C{&)10)-
C(11)-0(14), C(11)-C(12)-C(13)-H(32), C(4)-C(5)-¢(8(31), C(3)- C(18)-C(23)-H(28), H(29)-C(18)-C(23)
C(22), C(22)-C(19)-0(20)-H(21), C(19)-C(22)-C(23}§28), O(24)-C(22)-C(23)-C(18), C(19)-C(22)-O(24)A1] .

Some systems gave zero dihedral angles. Thesidigins of atoms of different environments suclpamallel and
anti parallel leading to zero values.

The lower HOMO energy values show that moleculesating electron ability is the weaker. On contrathg
higher HOMO energy implies that the molecule iscad)electron donor. LOMO energy presents the ghilita
molecule receiving [94].

It was shown from, Table (11), that napththol yell§ has the smallest energy gap, so it is the cwftpound
compared with the other compounds. This indicales haphthol yellow S, the more active compounaffer
electrons to an acceptor (metal ions).
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