Journal of Thermal Analysis and Calorimetry, Vol. 83 (2006)2, 385 —392

THERMAL STUDY OF CHROMIUM AND MOLYBDENUM COMPLEXES
WITH SOME NITROGEN AND NITROGEN-OXYGEN DONORS LIGANDS
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The complexes of chromium and molybdenum with salicylidene-2-aminophenol (shaH;), salicylidene-2-aminoanisole (salanH,),
salicylidene-2-aminoaniline (salphenH,) and biquinoline (biq) were studied using the thermogravimetric techniques. The thermal
decomposition of all complexes was found to be first order reaction and the thermodynamic parameters corresponding to the
different decomposition steps were reported. Molybdenum complexes were found to be more thermally stable and the order of
stability was [Mo(CO),(biq)]>[MoO(salphen)]>[MoO,(salphenH),]>[MoO,(salan),]>[MoO(sha)]. Similar trend was found for

chromium complexes where [Cr(CO)4(biq)|>[Cr(CO),(salphen)] >[CrO,(CO),(shaH,)]>[CrO,(CO),(salan),].
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Introduction

In the use of transition metal carbonyls as reactive spe-
cies in homogeneous catalytic reactions such as hydro-
genation, hydroformylation and carbonylation, carbon
monoxide served simply as a ligand providing the com-
plex with the necessary reactivity and/or stability to al-
low reaction to ensue [1]. On the other hand, the pres-
ence of ligands having donor atom sets like N,O, and N,
have been found to be useful catalysts especially for
epoxidation reactions [2]. In the same aspect a large
number of Schiff bases and their complexes have been
studied for their interesting and important properties,
e.g. their ability to reversibly bind oxygen [3], catalytic
activity in the hydrogenation of olefins [4], transfer of
an amino group [5], photochromic properties [6],
complexing ability towards some toxic metals [7]. In
previous work the preparation and the structures of
chromium and molybdenum with salicylidene-2-amino-
phenol (shaH,), salicylidene-2-aminoanisole (salanH,),
salicylidene-2-aminoaniline (salphenH,) and biquino-
line (biq) were reported [8—11]. In this article we throw
more light on the thermal stability of these complexes
and report the thermodynamic parameters of the differ-
ent decomposition steps of the complexes.

Experimental

Chromium and molybdenum complexes with
N-salicylidene-2-hydroxyaniline (shaH,), N-salicyli-

dene-2-aminoanisole  (salanH,), N-salicylidene-2-
aminoaniline (salphenH,) and biquinoline (biq) were
prepared and their structures were reported [8—11]. The
molecular formulae were proved as Schemes 1-4.

[CrO,(CO)y(shaH,)], [MoO(sha)],
[Cry05(CO);y(salan),], [M0,04(salan),],
[Cr(CO),(salphen)], [MoO(CO)(salphen],
[MoOy(salphenH),], [Cr(CO)4(biq)] and
[Mo(CO)4(biq)]

Measurements of the thermogravimetric analysis
(TG and DTG) were carried out under nitrogen
atmosphere with a heating rate of 10 K min ' using a
Shimadzu DT-50 thermal analyzer.
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Scheme 1

Kinetics of the decomposition of the complexes

Determination of reaction order of decomposition

The Horowitz and Metzger [12] equation Cy=n""",

where 7 is the order of the reaction and C; is the mass
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fraction of the substance present at the DTG peak
temperature; 7y, is given by:

C=(WWr)(Wo—Wr) (1)

and was used for the determination of the values of
the reaction order. Here W, stands for the mass re-
maining at a given temperature 7y, i.e. the DTG peak
temperature, W, and W;are the initial and final masses
of the substance, respectively.

Integral method using the Coats—Redfern equation

For a first order process the Coats—Redfern equation
[13] may be written in the form:

log{log(Wf / Wr)}=
TZ

B { AR [ 2RTﬂ E’
=log —1-=—1|-
0F E 2303RT

where W;is the mass loss at the completion of the re-
action, W is the mass loss up to temperature T;
(W=W=W), R is the gas constant, E" is the activation
energy in J mol ', © is the heating rate. Since
1-2RT/E =1, a plot of the left hand side of Eq. (2) vs.
1/T was drawn which gave straight lines where £ and
A (Arrhenius constant) were calculated from the slope
and the intercept, respectively.
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Approximation method using Horowitz—Metzger
equation

For the first order kinetic process, the Horowitz—
Metzger equation [12, 14] may be written in the form:

tog| V= | =98 _10g2303 3)
W) 2303RT,

where T,=DTG peak temperature and 6=7-T;. A plot of
log[logW../W,] vs. © will give a straight line and £~ can
be calculated from the slope. The pre-exponential factor
C was calculated from the following equation [12, 13]:

C=(BE"/RT)exp(E'/RT ) 4)
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The activation entropy AS’, the activation enthalpy
AH and the free energy of activation AG were calcu-
lated using the following equations:

; Ah
AS'=2303| log 22 |R (5)
[ ng]
AH'=E"-RT (6)
AG =AH-TAS" (7)

where k and & are the Boltzman and Planck constants,
respectively.

Results and discussion

The thermal studies of the chromium and molybdenum
complexes were carried out using the thermogravimetric
(TG) and differential thermogravimetric (DTG) tech-
niques. Typical TG and DTG plots for some complexes
were represented in Fig. 1. The temperature ranges of
decompositions along with the corresponding mass loss
of species are given in Tables 1-4.
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Fig. 1 TG and DTG plots of biquinoline complexes

[Cr(0)x(CO)y(shaH,)] complex

The TG plot of [Cr(0),(CO),(shaH,)] displayed four
successive decomposition steps which could be
treated as two decomposition steps for simplicity. The
first two steps were broad and existed over a wide
temperature range; 330—460 K, with a net mass loss
of 15.90% which may be due to partial decomposition
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of the complex through successive elimination of two
CO groups. The other decomposition steps occurred
in the temperature ranges 544—-806 K with a net mass
loss of 60.34% may be assigned to the elimination of
the Schiff base moiety leaving CrO, as metallic resi-
due; CrO, (23.74%).

[MoO(sha)] complex

[MoO(sha)] complex displayed also two decomposi-
tion steps in the temperature range 490-820 K. The
first decomposition step occurred in the temperature
range 490-700 K with a net mass loss 0of 28.50% corre-
sponding to the partial decomposition of the Schiff
base molecule through the elimination of a CsH4O
moiety. The second decomposition step occurred in the
temperature range 720-820 K with a mass loss
of 31.91% and corresponded to the removal of the rest
of the Schiff base molecule as C;HsN to give finally
the residue MoO, (39.62%).

[Cr,0,(CO)y(salan),] complex

The decomposition of [CrO,(CO),(salan),] com-
plexes has been taken place in two steps. The first de-
composition step occurred in the temperature
range 392-502 K with a net mass loss of 13.39% was
assigned to the elimination of two carbonyls (2CO)
and the two methyl groups as ethane moiety (C,Hp).
The second decomposition step is a composite one of
three successive and unresolved peaks and was found
in the temperature range 602—723 K. The mass loss
associated with this decomposition step was 63.0%
corresponding to the elimination of the rest of the
Schiff base molecule with the formation of Cr,O5 as
metallic residue (23.30%).

[Mo0,04(salan),] complex

[Mo0,04(salan),] decomposed in two separate steps
with two resolved and non overlapping DTG peaks.
The first decomposition peak was found to take place
in the temperature range 670-740 K with a net mass
loss of 30.0% which may be assigned for the partial
decomposition of the two bulk Schiff base molecules
via the equal elimination of two C¢H,OCHj; species.
The second decomposition step found in the tempera-
ture range 1050-1240 K with a net mass loss of
70.0% may be assigned for the volatilization of the
rest of the complex including the metallic nuclei.

[Cr(CO),(salphen)] complex

Chromium complex with salphen; [Cr(CO),(salphen)]
decomposed in four successive steps in a wide range of
temperature; 340—1273 K. The first two steps with very
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broad DTG peaks was found in the temperature
range 340-733 K with a total mass loss of 26.04%
(mass=109.98) which may be related to the partial de-
composition of the complex through the removal of two
carbonyl groups and part of the ligand as C,H,N,. The
last decomposition steps found in the temperature
range 740-1273 K with a mass loss of 54.06%
(mass=228.29) may be assigned for the removal of the
rest of the ligand molecule leaving CrO, as the metallic
residue.

[MoO(CO)(salphen)] complex

[MoO(CO)(salphen)] complex decomposed in four
thermal decomposition steps within the whole tempera-
ture range 353—1273 K. The first two merged decompo-
sition step with a relatively sharp DTG peak was found
in the temperature range 353—733 K. The mass loss cor-
responded to this step was 22.91% (mass=104.11)
which may be due to the removal of CO and C¢H4 moi-
eties. The third decomposition step was broaded over
the temperature range 733—1083 K with a net mass loss
of 34.15% (mass=155.18). This mass loss may be as-
signed for the decomposition of major parts of the lig-
ands in the form of C4H4O and CsH;. The rest of the
ligand (C;H5+0,+N,) was removed in the final step in
the temperature range 1090-1273°C leaving Mo as the
metallic residue.

[MoOy(salphen),] complex

[MoOs(salphen),;] decomposed thermally in four
steps within the temperature range 350—1268 K. The
first two decomposition steps, found in the tempera-
ture range 350—653 K, with a mass loss of 21.28
(M=161.45) was assigned for partial decomposition
of the ligand with the removal of two O, molecules in
addition to one molecule N, and CsH;y moiety. The
third step found in the temperature range 660—1083 K
with a mass loss 0f 49.34% (mass=374.37) may be as-
signed for further decomposition of the ligand moiety
with the removal of two C;,H,3; and N,+0O, molecules
(net mass of 374.40). The rest of the ligand moiety
was removed in the last decomposition step in the
temperature range 1093-1268 K with a mass loss
of 16.28% (mass=123.50). The metallic residue re-
mained at the end of decomposition was assigned as
metallic Mo (13.10).

[Cr(CO)4(biq)] complex

The complex decomposed in three steps, the first one
occurred in the temperature range 295-367 K, with a
mass loss of 6.65% (mass=22.95) which is consistent
with the elimination of CO group. The second and
third decomposition steps (498—752 K) with net mass
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loss of 66.61% which corresponded to the elimination
of the biquinoline moiety. The metallic residue
(19.98%) remained after the decomposition was at-
tributed to CrO, species.

[Mo(CO),(biq)] complex

The thermal decomposition of [Mo(CO),(biq)] was
reported [11]. The complex was further heated up
to 1145 K. A new decomposition step appeared in the
temperature range 982—-1145 K. The mass losses for
the five decomposition steps with the corresponding
mass losses and the suggested species eliminated are
tabulated in Table 4.

Kinetics of thermal decomposition

The calculated values of AE", 4, AS", AH and AG" for
the decomposition steps are given in Tables 5-8.

[CrO,(CO)y(shaH,)] complex showed consider-
able thermal stability which is reflected from the mod-
erately high values of the activation energy averaged to
60.71 kJ mol™'. On the other hand, [MoO(sha)] was
found to be comparatively more stable which is re-
flected from the relatively higher activation energy
ranging from 92.94-149.60 kJ mol ' (average values)
which may be explained on the basis that molybdenum
complex is less sterically hindered with no carbonyl
moiety which often decomposed at lower temperatures
compared with the organic moiety coordinated to the
metal [15].

[CrO,(CO)y(salan),] showed a weak thermal sta-
bility which is reflected from the very low activation en-
ergy of the sum of the decomposition steps ranging from
37.10-40.73 kJ mol ' with a sum of 38.92 kJ mol . On
contrary, [Mo,04(salan),], showed high thermal stabil-
ity which is reflected from the relatively very high en-
ergy of activation ranging from 257.80-381.99 kJ mol ™
with a sum of 639.79 kJ mol .

The complexes of salphen with chromium and mo-
lybdenum showed high thermal stability which is re-
flected from their energies of activation ranging
from 16.97-79.73, 21.22-255.12, 21.93-
210.76 kJ mol”', with sums of 96.70, 324.12,
309.44 kJ mol ™ for [Cr(CO)y(salphen)], [MoO(salphen)]
and [MoOx(salphenH),], respectively.

[Cr(CO)4(biq)] complex showed moderate
thermal stability as reflected from the activation
energy of the different decomposition steps ranging
from 33.53 to 263.55 kJ mol . [Mo(CO)4(biq)]
complex showed a wide variation of activation
energies of the decomposition steps ranging from
36.59 to 606.09 kJ mol .

In general and based on the sum of the energies of
activation, the molybdenum complexes were found to
be more stable than chromium complexes. The order of
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thermal stability according to the coordinated ligands
was found to be big>salphenH,>salanH,>shaH,. This
can be explained on the basis that biq (NN donor) is
less sterically hindered than the other complexes. On
the other hand salphenH, is strong NNOO tetradentate
ligand compared with the NOO tridentate salanH, and
shaH,. This trend is found to be big>salphenH,
>shaH,> salanH, for chromium complexes.

The entropy change, AS’, for the formation of the
most of the activated complexes from the starting re-
actants, is in most cases of negative values. The nega-
tive sign of the AS" suggests that the degree of struc-
tural ‘complexity’ (arrangement, ‘organization’) of
the activated complexes was lower than that of the
starting reactants and the decomposition reactions are
slow reactions [16].

The values of C; for the thermal decomposition
of the complexes are in the range 0.23—0.33 which in-
dicates that the decomposition follows first order ki-
netics [12, 14].

References

1 J. P. Collman and L. S. Hegedis, Principles and Applica-
tion of Organotransition Metal Chemistry, University Sci-
ence Book, California 1980.

2 T. Katsuki, Coord. Chem. Rev., 140 (1995) 189.

3 R.D. Jones, D. A. Summerville and F. Basolo, Chem. Rev.,
79 (1979) 139.

392

4 G. Henrici-Olive and S. Olive, ‘The Chemistry of the
Catalyzed Hydrogenation of Carbon Monoxide’, Springer,
Berlin 1984, p. 152.

5 H. Dugas and C. Penney, ‘Bioorganic Chemistry’,
Springer , New York 1981, p. 435.

6 J. D. Margerum and L. J. Miller, ‘Photochromism’,
Interscience, Wiley, (1971), p. 569.

7 W.J. Sawodny and M. Riederer, Angew. Chem.,

Int. Edn. Engl., 16 (1977) 859.

8 S. M. El-Medani, J. Coord. Chem., 57 (2004) 115.

9 0. A. M. Ali, M. H. Khalil, G. M. Attia and R. M. Ramadan,
Spectroscopy Letters, 36 (2003) 71.

10 S. M. El-Medani, J. Coord. Chem., 57 (2004) 115.

11 A.O. Youssef, M. H. Khalil, R. M. Ramdan and
A. A. Soliman, Trans. Met. Chem., 28 (2003) 331.

12 H. H. Horowitz and G. Metzger, Anal. Chem.,
35(1963) 1464.

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

14 M. Nath and P. Arora, Synth. React. Inorg. Met. Org. Chem.,
23(1993) 1523.

15 A. A. Soliman, S. A. Ali, M. M. H. Khalil and
R. M. Ramadan, Thermochim. Acta, 359 (2000) 37.

16 L. T. Valaev and G. G. Gospodinov, Thermochim. Acta,
370 (2001) 15.

Received: March 20, 2005
Accepted: August 30, 2005

DOI: 10.1007/s10973-005-7009-9

J. Therm. Anal. Cal., 83, 2006




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams true
  /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 false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile (Color Management Off)
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 600
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /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 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 600
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /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 600
  /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 (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org?)
  /PDFXTrapped /False

  /SyntheticBoldness 1.000000
  /Description <<
    /DEU <>
    /ENU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [2834.646 2834.646]
>> setpagedevice


