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THERMAL STUDIES OF BIS SALICYLIDENE ADIPIC DIHYDRAZONE
DERIVATIVES AND THEIR COMPLEXES WITH DIVALENT IONS OF

Mn, Co, Ni, Cu AND Zn

R M. Issa*, S. A. Amer, 1. A. Mansour and A. I. Abdel-Monsef

Department of Chemistry, Faculty of Science, Tanta University, Tanta, Egypt

The thermal stabilities of bis salicylidene adipic dihydrazone derivatives and their complexes with divalent Mn, Co, Ni, Cu and Zn
were studied and discussed in terms of structure and type of metal ions. TG curves display mostly four steps of thermal
decomposition. The first step is due to dehydration, then the elimination of the acetate anions followed by the decomposition of the
ligand in two interacting steps. The activation energies E, were evaluated and discussed in accordance with the structure of the
complexes which have been previously characterized by elemental analysis and IR spectra. It was found that the activation energies
of the complexes based on bis salicylidene adipic dihydrazone were higher than those of the dihydroxy derivative.
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Introduction

Schiff bases and their metal complexes are known to
be biologically important [1-3]. DTA and TG were
used to study the modes of thermal decompositions as
well as the composition of some divalent copper, co-
balt and nickel complexes of Schiff bases [4, 5]. The
studies also included the determination of thermo-
kinetic parameters [6]. The stoichiometry of thermal
decomposition and the relationship between the ther-
mal parameters of the complexes were studied by some
authors [7]. The thermal behavior of synthetic pyro-
aurite [8], dissociation process for clathretes [9], ther-
mal analysis for fly ash based zeolites [10] and
DTA/TG/MS of polymethyl methacrylate were stud-
ied [11]. The thermal analysis study of different azo
and azomethine complexes has been the subject of in-
tense research in our laboratory for several years [12].
Accordingly, in this work we aimed to study the ther-
mal analysis (TG and DTA) as well as the kinetic pa-
rameters of decomposition of some complexes pre-
pared from Schiff bases of adipic dihydrazide.

Experimental

The preparation details and structure of the ligands
and their metal complexes are reported elsewhere by
the present authors [13].

The differential thermal analysis (DTA) and
thermogravimetric analysis (TG) were carried out on
a Shimadzu DT-30 and TGA-50 thermal analyzers
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within the temperature range 20-800°C at a rate
of 20°C min™', using purified nitrogen gas in the sur-
rounding atmosphere [14]. The ligands and com-
plexes under investigation were found to have the
following structures:
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Results and discussion
TG and DTA study

The results of thermal analysis of the prepared ligands
SADH and DHBADH (Tables 1 and 2) show a weak
exothermic peak without mass loss at 40-50°C due to
the cleavage of hydrogen bond and rearrangement of
the ligands. The ligands show thermal stability behav-
ior up to 320 and 285°C for SADH and DHBADH, re-
spectively. The sharp endothermic peak with mass loss
of 55 and 58% is due to melting with cleavage at the
two (C=N) and loss of the two aldehyde groups fol-
lowed by further decomposition are expected. The re-
sults of the thermogravimetric analysis of the metal
complexes under study (Fig. 1; Tables 1 and 2) show
the loss of their hydration water below 100°C. The an-
hydrous complexes lose two acetic acid molecules
within the temperature range 90-185°C and then dis-
play the decomposition of the organic ligand in two
strongly interacting steps within the temperature
range 270-650°C leading to formation of the metal ox-
ides. The metal contents were calculated from the mass
of the solid residue and found to be in good agreement
with the results of the elemental analysis within satis-
factory experimental errors. The reactions representing
the three steps of thermal decomposition of the metal
complexes can be given as follows:

—-XH, 0, 50-80C

[Mz(HzL)(ACO)z XH20 >
[M2(H,L)(AcO);,]
[Mz(HzL)(ACO)z] —2AcOH, 90—185C ‘MzL

decomposition of the ligand in two steps
270-380 and 400-650C

M,L MO

The first step with TG step in the range 50-80°C
is related to the volatilization of the lattice water
molecules. This finds support from the disappearance
of the bands due to the various modes of V1brati0n of
the water molecules (v , at 3400 cm', in plane
deformation &, ., at 1350 cm and out of plane
deformation vy, , at 975 cm’ " in the spectra of the
complex I heated at 90°C for 3 h in a drying oven as
shown in Fig. 2. For most complexes an endothermic
mass loss was observed following the first step, which
corresponds to the loss of two acetic acid molecules.
The IR spectra of 185°C-heated metal complexes
depict the disappearance of the acetate group
frequencies situated  at 1470-1435 and
1386-1326 cm' assigned to v antisymmetric and v
symmetric bidentate acetate, respectively [15-17]. In
the third step of decomposition, the organic ligand is
lost within the temperature range 270—-650°C, with the
formation of the corresponding metal oxides. On the
basis of the above results one can conclude the
following:
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* lattice water is removed from the prepared homo-
binuclear complexes at 50—80°C

+ coordinated acetate ions are removed within the
range 90-185°C and

 thermal stability of the complexes of SADH are
higher than that of DHBADH

Accordingly, the thermal decomposition course
of the complexes proceeds as formulated in Scheme 1.

The order (n) and the energy of activation (E*) of
the decomposition steps were determined using the
Coats—Redfern equation [18, 19] in the form:

In[1-(1-a) ""/(1-n)T*|=M/T+B for n#1 (1)
In[-In(1-o)/T*]=M/T+B for n=1 ()

where M=-E*/R, B=InAR/®E*; R=gas constant,
A=pre-exponential factor and ®=heating rate
(20°C min™").

The correlation factor, », is computed using the
least squares method for Eqs (1) and (2). Linear
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Fig. 1 DTA and TG curves of complex VIII
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Fig. 2 IR spectra of complex I; A — original complex, B — af-
ter heating to 90°C and C — after heating to 160°C
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Scheme 1 Thermal decomposition of the comolexes

curves were drawn for values of » ranging from 0-1.
The values of n, which gave the best linear plot was
chosen as the order parameter for the decomposition
stage of interest, and the energy of activation was
calculated from its slope.

The other activation kinetic parameters (AH", AS™,
AG") were computed using the standard equations [5]:

AH*=E*-RT
AS*=R[In(4h/kT)]
AG*=AH"-TAS*

where £ is Boltzmann’s constant and / is the Plank’s
constant. The necessary values of the temperature
were taken from the TG curves at the middle of the
step then converted to Kelvin.

The order and the kinetic parameters for thermal
decomposition of the ligands and their complexes are
listed in Tables 3 and 4. From which it is clear that:

+ The negative values of AS™ for the dehydration step
indicate that the complex is more activated than the
reactant and/or the thermal decomposition reaction
is slower than normal [20]. This can be explained
on the premise that the degradation steps involve
simultaneous processes. The first one is the
volatilization of the water molecules from the solid
complex with positive entropy AS™ followed by the
formation of a more ordered anhydrous complex
with negative AS™ value. The determined value is
the resultant of the two processes [21]. The second
step is the loss of the acetic acid molecules with
negative entropy change (AS™). The third step
corresponding to the decomposition of the ligand
also has a negative entropy change.

There are no obvious trends in the values of E* or
the activation enthalpy AH". However, the values
of AG" increase for subsequent decomposition
steps of a given complex, which means that the
second step is slower than the first one [22].
Actually, the values of AG* for the complexes 11T
and IV increase from first step to second step and
then decrease for the third step indicating that for
these two complexes the rate of the third step is
higher than that of the second. This indicates that in
the first step, the free part of the chelated ligand
may be subject to partial decomposition then in
another step the remainder part is degraded and

Table 3 Kinetic parameters of decomposition of salicylidene adipic dihydrazone (SADH) and its complexes

Coats—Redfern equation

Complex Step n r /K EY AHY/ AS™/ AGY/
kJ mol ™ kJ mol ™ kJ mol ' K! kJ mol™
| 1 0 0.9763 587 11.2 6.39 —0.03 25.25
SADH (HiL) ond 0 0.9764 775 3.23 321 -0.19 144
| I 0.66  0.9992 310 43 1.724 -0.07 25.59
[Mny(HoL DXL HO (1) oo 1 0.9887 588 0.3 45 -0.11 58.32
| I 0.66  0.9869 333 3.53 0.763 ~1.10 367
[Cor(HLOXLHO (M 5o 0 0.9611 703 2.6 -3.24 -1.13 791
I 1 0.9794 319 0.3 -2.35 -0.10 29.55
[Niy(H,L")X,] H,O (Il 2™ 0 0.9958 630 6.9 1.66 -0.11 70.9
3¢ 1 0.9687 742 0.6 -55 ~0.09 61
1 0.66  0.9794 350 2.6 -0.31 -0.15 522
[Cuy(H,LHYX,],-H,0 IV) 2™ 0 0.9875 497 5.0 0.86 -0.13 65.5
31 0.66  0.9844 677 13.9 8.27 -0.01 17.08
| I 0.66  0.9994 313 3.4 0.8 -0.11 35.3
[Zn(FoL)XLHO (V) 0.66  0.9929 655 6.7 1.26 -0.12 79.85
X:ACzo
J. Therm. Anal. Cal., 90, 2007 265
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Table 4 Kinetic parameters of decomposition of dihydroxy bezylidene adipic dihydrazone (DBHADH) and its complexes

Coats—Redfern equation

Complex Step n r T/K EY AHY/ AS™/ AGY/
kJ mol™ kJ mol™ kJ mol™' K™ kJ mol™
DHBADH (L' > ok oan  ms 6 a1 L% &
MROXEROOD o Gos Oome s 6a T 01 s
CottIXEROO o gf 00T 88 3 T S TR
NUOXESRONVID L Go Coses a0 40 s o o
CotIXEHOM w1 God G 02 45 on éns
OGHOM) g G 0o G0 33 tw oo
X=Ac,0
finally form the representative metal oxide. This ~ Conclusions

may be attributed to the structural rigidity of the
chelating ligands which requires more energy for
its rearrangement to get the correct order compared
with the activated complex [5].

The activation energy E* values calculated by the
Coats—Redfern method are shown to follow the
order Mn(I1)>Co(II)>Zn(I1)>Cu(II)>Ni(Il) for the
SADH and follow the order Co(Il)>Zn(I1)>
Mn(I1)>Cu(II)>Ni(Il) for the DHBADH which is
not perfectly in agreement with the electropositive
character of the metal ions. The activation energy
increases with increasing the ionic radius, thus
confirming that the stability of the complexes of
the ligands increases with the ionic radius. This
discrepancy in the trend can be explained by the
presence of the free OH group on the benzene ring
of the metal complexes with the ligand DHBADH
which occupies the meta-position on the azo-
methine group and may cause an induced strong
electron delocalization over the whole metal
complex. This high induced electron delocalization
is of major contribution to the strength of the
metal-ligand bonding and hence affects the
stability of the complex. As the ionic radius of the
metal ion increases, the delocalization along the
azomethine group increases and the stability of the
complex increases in the same direction.

The data of thermal analysis curves and the
calculated activation kinetic parameters of the
decomposition of the prepared complexes show that
the thermal stability of metal complexes depends
essentially on the nature of both the central metal ion
and the ligand.

266

The foregoing results and discussion indicate that the
thermal degradation of the metal complexes under-
study proceeds in four steps. The first is the dehydra-
tion of the complexes followed by the elimination of
the acetate anions. The anhydrous anion-free com-
plexes undergo decomposition to the metal ox-
ide (MO) through the loss of the aldehyde part fol-
lowed by the adipic dihydrazide portion in the fourth
step. The third and the fourth steps intermingle to-
gether in most cases. The energy of activation of the
thermal decomposition as determined from the rate of
the reaction depends on the nature of the metal ions
being in the order Mn(II)>Co(Il)>Zn(II)>
Cu(IN>Ni(Il) for L' (SADH) and Co(II)>Zn(II)>
Mn(IT)>Cu(IT)>Ni(II) for L?. Also, the complexes of
L* are more stable than those of L'.

References

1 J. H. Eapason and G. W. Kirker, Inorg. Chim. Acta,
40 (1980) 105.

S. C. Bhatia, J. M. Bindlish, A. R. Saini and P. C. Jain,
J. Chem. Soc. Dalton Trans., (1981) 1773.

M. A. El-Ries, S. M. Abu-El-Wafa and S. M. El-Kosy,
J. Pharm. Belg., 43 (1988) 93.

R. M. Issa, S. M. Abu-El-Wafa and F. A. El-Sayed,
Thermochim. Acta, 126 (1988) 235.

S. S. Kandil, F. I. Abdel-Hay and R. M. Issa,

J. Therm. Anal. Cal., 63 (2001) 173.

N. A. El-Wakiel, J. Therm. Anal. Cal., 77 (2004) 839.
E. Jona, A. Maslejova, M. Kubranuva and P. Simon,
J. Thermal Anal., 46 (1996) 129.

F. Kovanda, J. Therm. Anal. Cal., 71 (2003) 727.

V. A. Logvinenko, E. A. Ukraintseva, D. V. Soldatov and
T. A. Chingina, J. Therm. Anal. Cal., 75 (2004) 337.

2

3

~N

O o0

J. Therm. Anal. Cal., 90, 2007



THERMAL STUDIES OF BIS SALICYLIDENE ADIPIC DIHYDRAZONE DERIVATIVES

10 W. Nowak, J. Therm. Anal. Cal., 77 (2004) 125.

11 S. M. Dakka, J. Therm. Anal. Cal., 74 (2003) 729.

12 R. M. Issa, S. M. Abu-El-Wafa, G. B. El-Hefnawy and
N. El-Wakiel, Egypt. J. Chem., 44 (2001) 99.

13 A. 1 Abdel-Monsef, ‘Study The Preparation,
Characterization and Toxicology of New Heterocyclic
Nitrogen, Schiff Bases, Hydrazones and Their Metal
Chelates’ Ph.D. Chem. Dept. Tanta Univ., (2005).

14 L. Meites, ‘Polarographic Techniques’ Interscience
Publishers Inc., I Ed., NY 1955.

15 K. Nakamoto, ‘Infrared and Raman Spectra of Inorganic
and Coordination Compounds’, 3 Ed., John Wiley,
(1978).

16 G. B. Deacon and R. J. Phillips, Coord. Chem. Rev.,
33 (1980) 227.

17 R. Srinivasan, I. Sougandi, K. Velavan, R. Venkatesan,
V. Babu and P. S. Rao, Polyhedron, 23 (2004) 1115.

18 A. W. Coats and J. P. Redfern, Nature, 201 (1964) 68.

J. Therm. Anal. Cal., 90, 2007

19 A.S. A. Zidan, A. I. El-Sayed, M. S. El-Meleigy
A. A. Aly and O. F. Mohammed, J. Therm. Anal. Cal.,
62 (2000) 665.

20 A. A. Frost and R. G. Pearson, ‘Kinetic and Mechanism’,
Wiley, New York 1961.

21 R. M. Issa, A. M. Khedr and A. Tawfik,
Synth. React. Inorg. Met-Org. Chem., 34 (2004) 1187.

22 M. Greisher, J. Lewis and R.C. Slade, J. Chem. Soc. A,
(1964) 1442.

Received: June 12, 2006
Accepted: July 27, 2006
OnlineFirst: February 26, 2007

DOI: 10.1007/s10973-006-7730-z

267




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /SyntheticBoldness 1.000000
  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002000d>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002000d>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /GRE <>
    /HRV <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e000d>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /HUN <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice


