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SUMMARY

PYROLYSIS OF POLYCHELATES

Pyrolysis has been used extensively as a technique
for analysis and synthesis. Pyrolytic fragmentation and
identification of the fragments serve. as an effective means
of determining the nature and structure of polymers. In recent
years, pyrolytic methods jointly with varicus instrumental
methods such as, gas chromatography, mass spectrometry, etc. have
gained increaced attention and usage. Pyrolytic scission reactions
accompanied by cross-linking and recombination reactions lead

to the synthesis of various products - pyrolyzates.

Pyrolytic methods have also been adopted for the
understanding of thermal stability and for preparing high
temperature-~resistant polymers. Some chleates and chelate
polymers have been pyrolyzed to understand their thermal
stability, thermal degradation, thermo;mechanical behaviour,
electrical and magnetic behaviour, etc. Intensive research
initiated in the past two decades in an attempt to synthesize
polymer systems of desired properties capable of withstanding
prolonged exposure to elevated temperatures has been three~

pronged, supplermented by pyrolytic methods.

Pew studies are known on the formation of products by

the pyrolysis of polychelates. Since polychelates having
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"through~conjugation" have interesting electrical and
magnetic properties, their products of pyrolysis can have
unusual electrical and magnetic propérties, On pyrolysis,
the unpaired electron-spins of the transition metal ion
clusters can reorient parallel or anti-parallel, and the
organic part of the polychelate may get transformed into

radical or kiradical which may get stabilised.

Keeping the above considerations in view, the work was
planned as follows:
(i) Preparation of bis-bidentate or polfdentate ligands of
different characteristics and having different
functional groups;
(ii) Preparation of polychelates of the above ligands with
transition element ions in generalzﬂ
‘(iii)Study of IR spectra) and electrical and magnetic properties
of the above pclychelates;
(iv) Study their thermal behaviour using DTA and TGA technicues;
(heating rate 20°C per minute in static air)
(v} Pyrolysis of the polychelates under controlled conditions
of specific temperature range and continuous ewvacuation.
(vi) Study of the residusl products of pyrolysis for their
spectral, magnetic and electrical properties.
Results of these studies and thelr discussion are summarized
below,

(I) Polychelates of Chloranilic acid (MCA) and their Pyrolysis

{a) Polychelates - CoCA, NiCa, CuCAa,MnCA, FeCA and PLCA:
411 these polychelates Wi found to have metaleto-
ligand ratio of onesto=.one and are formulated as 1ineaf

.



polymeric chains.

The magnetic moments of the polychelates of cobalt(II),
nickel{II), manganese(II) and iron(II) indicate 6-covalent
nature of the metal ion with octahedral crystal field
surrocunding the metal ion,/while in the case of copper(II)
polychelate, copper ion is considered to be S5~covalent with
square pyramidal crystal field. Lead(II) polychelate is
diamagnetic as anticipated. There is no spinepairing in any
of these polychelates indicating weak crystal f£ield of the
ligand surroundinglthe metal ion.

211 these polychelates are semiconducting.

The thermal studies (DTA and TGA) show that both
coordinated and lattice water may be considered lost in case
of NiCA and MnCa, In these compounds, water-coordination to
metal ion may not be strong and heating may lead to tetragonal
distortion. DTA studies of CuCA and FeCA show endothermic peak
at/near 150°C and there is no weight loss at this temperature
in the corres@onding TGA studies. Meso phase formation may be
a possibility and the peak may be attributed to solid-dolid
(solid-smectic) transition.,

(b} Pyrolyzed polychelates (pyrolyzed at 310-30°C)

CoCa (PL), NicCa(PL),CuCa(PL), MnCA(PL), FeCA(PL) and

PbCa (PL) .

There is a difference in the amount of lattice/
coordinated water when structures of MCA(PL) and MCA are compared

in general,
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The magnetic moments of CoCa(PL), NiCa(PL), CuCA (PL)
and MnCA (PL) are comparable to those of CoCa, NiCa, CuCa
and MnCA reswectively., In case of FeCA(PL), the magnetic
moment has a somewhat higher value. The dismagnetic PbCA
" has become paramagnetic on pyrolysis.

(¢} Pyrolyzed polychelates (pyrolyzed at 530-60°C)

CoCa (PH), NiCa (PH),CuCa (PH), tha(PH),FeCA(pH)

and PbCh (PH) ¢

These products have a ratio of metal-to~ligand ( Cs)
as one-to-one in CoCA (PH), MnCA(PH) and PbCa(PH), while

three-to~one in NiCa (PH), CuCa(PH) and FeCa(PH),

It is suggesfeé from the IR spectral data that

bands attributed to C-Cl and C~-H are not observed.

In case of polychelates of Ni(II), Cu(Il) and Fe(II),
2,5~dihydroxy p-benzoguinone is found as a sublimate on the
wall of the tube after pyrolysis. On pyrolysis under
continuous evacuation, the polychelates of chigrenilic acid
are considered to undergo dechlorination forming free radicals
followed by depolymerisation eliminating modified ligand

monomer or cross-polymerisation extending cross-conjugation.

The magnetic moment of PbCA(PH) is 2.6 B.M. per metal
atom. It is related to radical formation and trapping in solid
state. The high magnetic moment of FeCA(PH) may be attributed not
only to the ferromagnetic interactions between iron atoms but
also to the freew-radical nature of the ligand and its magnetic

interactions with iron atoms.
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(II) Polychelates of 3,3F- diacetyl 4,4'-dihydroxy diphenyl

sulphone (MDAS) and their pyrolysis:

(a) Polychelates — CoDAS, NiDAS, CubaS:

1.

The ratio of metal-to-ligand in the polychelstes is
found to be one-to-one and indicates linear polymeric chain
naturs of the polychelates. From magnetic moment studies,
CoDAS, NiDAS and CuDAS are attributed to have octahedral,
tetrahedral and squere planer nature of the crystal field

around the metal ion respectively. All these polyehelates are

gemiconducting.

Thermal studies show that in 21l three cases there 1s
loss of ammonia on hesting. Loss of sulphur dioxide is possible
on heating upto 330°C in case of CobaS but not in case of
CubDAS and NiDAS indicating greater thermal stabilisation
of the ligand in CubAS and NiDAS than in CoDaS, TFor DTA
peaks at 160°C and 185°C for NiDAS there is no correSpbnding
weight loss in TGA in thi.s temperature range. It indicates

solid-s5011c phase transitions.

{b) Pyrolyzed polychelsztes -CoDaS (P), NiDaS (P), CuDaS(P):
The products have a ratio of metal-to-ligand (C16) as
ONEeto=-0Nne.
- From magnetic moment studies, CoDAS(P), MiDas (P) and
CubasS (P} are considered to have octahedral, tetrahedral and

square planer crystal fileld around the cobalt, nickel and

copper ions respectively.
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The IR spectral data of CoDAS(P) indicate that the
phenyl rings are highly substituted. It is suggested that
pyrolysis involves loss of ammonia and abstraction of
hvdrogen by radical mechanism followed by recombination/

cross—polymerisation and cyclization.

IIT. Chelates of 2,4=dinitroso resorcincl (MDNR) and their

Pyrolysiss
(a) Chelates - CoDNR, NiDNR, CuDNR, FeDNR and PbDNR ¢
The ratio of metal-to-ligand in CoDWR, MNiDNR and
CubDNR is one-to-one and indicates linear polymeric chain
nature of these polychelates. The ratio of metal~to-ligand

is one~to=-two in case of FeDNR and PLbDNR,

t is suggested from magnetic moment studies that cobalt
ion in CoDNR is 5-covalent with sqguare pyramidal crystal
field andhu egon in NiDMR is 6-covalent with octahedral
crystal Field. CuDNR and PbDNR are diamagnetic. The ligand
is considered to provide strong crystal £ield arcund cobalt
and copper.ions.

From total weight loss observed in'TGA studies the

relative stability of the chelates is decreasing in the order -
NiDNR > FeDNR » CoDNR > CuDNR

PLDNR is explosive like lead-azide, lead styphnate, lead
complex of nitro resorcinol, etce.
All polychelates are semiconducting. IR spectrum of the

ligand shows the. presence of both oxime and phenolic
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hydroxyl groups. The ligand is considered to be a tautomeric
mixture of nitrosophencl and guinone oxime.

(b) rolyzed polychelates — CoDNR (P), WiDNR (P),CuDNR (P)
Lobhe

Metal-to-ligand ratio is foundAonevto—one in case of
CoDNR (P) and NiDNR (P) and two-to-one in case of CuDER (P).
The magnetic moment studies indicate tetrahedral stereochemical
nature of cobalt and nickel in CoDNR(P) and NiDNR (P).
Pyrolysis has resulted in weakening and reorientation of the

crystal field.

In case of CuDNR, the ligand has seperated out in part on
e . m ..
pyrolysis indicating depolyAerlsatlon. In the case of CODKR(P)
free phenolic group is observed in IR spectrum, indicating

degradation leading to the formation of shorter polvmeric

chains.

(TV) Polychelates of 4-azo resorcinols (tetrazotized_

benzidine coupled with resorcinol - BAR and tetrazotized

4,4'-dianino stilbene 2,2'-disulphonic acid coupled with

resorcinol-SAR) (MBAR and MSAR) and their pyvrolysis:
'

(a) Polychelates - CoBAR, WiBAR, CuBAR,FeBAR, MnBAR, PbBAR,

Co3aR, NiSAR, Cu3AR:
Metal-to~ligand ratio is fcund to bhe cne-to-one in case
of CoBAR, two-to-one in case of CuBAR, NiBAR, FeBAR, MnBAR,

NiSAR and CuSAR, two-to-three in case of PbBaR and three-to-one

"

in case of CoS8aR.
It is sugyested from magnetic moment studies that (i) cobali
ion is 4-covalent with tetrzhedral crystal field ~around«<the

metal ion in CoBAR,



(ii) nickel and iron ions are 6-~covalent with octahedral
crystal field around the metal ions in NiBAR and FeBAR and
(1ii) PbBAR is diamagnetic.

The relative stability observed from the weight losses

in TGA studies is decreasing in order

FeBAR D NiBAR > CoBAR

CuSAR> CoSAR

() 'Pyrolyzed polychelstes-CoBAR (P), NiBaR(P), CubaR (P)
FeBAR (P}, MnBaR (P),CoSaR(P), NiSAR (P),CuSAR (P)s-
Metal-to-ligand ratio is one-to-one in CoB&R (P) 3

two~to-one in NiBAR(P), CuBAR(P), FeBAR(P), MnBaRr (B),

NiSAR (P) and CuSAR(P) and three-to-one in CoSAR (B).

CoBAR (P), FeBAR (P),Co3aR(P) and NiSaR(P) are
ferromagnetic. Nickel ions have octahedral stereochemistry
in NiBaR (P) and .copper ions havé lower value of magnetic
moment indicating antiferromagnetic interactions. in

CuBaR (P),

IR spectral data of CoBAR(P) and FeBaR(P) indicate that
the band attributed to p-substituted aromatic ring, and azo
group are not observed. Band attributed to azo group is
very weak in the spectrum of CoSAR(P) and not observed
in the spectrum of MiZAR(P).

The dyes undergo fission reaction evolving nitrogen,
The thermal fission of azo groups is not inhibited

selectively by any mecal ion chelated to azo group.



(V) Polychelates of l-azo 2-hydroxy 3-naphthoic acids

tetrazotized benzidine coubled to 2-hvdroxy 3-naphthoic

acid -BAN) and tetrazotized 4,4'=diaminc stilbene
]
2, 2=dlsulphonic acid coupled with 2-hydroxy 3-naphthoic

—-—

acid -SAN§ (MBAN and MSAN) and their pyrolysiss

(a} Polychelé;es - CoBAN, CuBaN, CoSaN, NiSaN, CuSaN:
Metal-to-ligand ratio is one-to-one in CoBAN and CuBAN,
two=to=one in CoSAN, four-to-one in NiSAN and three-~to-one
in CuSAN, Cobalt ion in CoBhN and CoSAN is 6~covalent with
octahedral crystal field.
The relative stability of polychelates found from weight

losses observed in TGA skudies decreases in the order

CoBAN > CuBAN
COSAN ) CuSAN ) NiSaN

All the polychelzates are semiconducting.
(b} Pyrolyzed polychelates -CoBAN(P), CuBAN (P),CoSAN (P)

NisaN (P), CuSaN (P) s

Metal-to=-ligand ratio is one~to-one in CoBAN(P) and
CuBAN (P), two-to-oOne in CoSAN(P), four-to-one in NiSAN (P)
and three-to-one in CuSAN(F). On pyrolysis one azo and one
'carboxylic acid groups per ligand monomer are lost leaving
basic metal compounds,

(VI) Concluding remarks:

Pyrolysis has been used as a technigue for the synthesis
of pyro-chelate~polymers and for understanding the changes in
chelate polymers.

L
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Pyrolvsis of MCA resulted in dehydration and
dechlorination followed by cross-polymerisation and depoly-
merisation. Pyrolysis of MDAS led to deammoniation and
hydrogen-~abstraction followed by cross~linking and
cycligation., Pyrolysis of MDFR under controlled conditions
resulted in (1) lowering of molecular massg(2) depclymeri-
zatién3(3) veakening of the crystal field around metal ion
and/or (4) reorientation of crystal field. Pyrolysis of
MBAR and MSAR resulted in partisl denitrogenation which was
not selectively inhibited by any of the metal ion linked to
az0 group. Pyrolysis of MBAN and MSAN led to partial
denitrogenation and decarboxyvlation.

PbCA (PH) is paramagnetic. CoBAR (P), FeBAR(P), CoSAR(P)
NiSaR(P), CoBaN(P), CoSAN(P) and NiSAN(P) are Fferromagnetic,
CuDNR (P) is diamagnetic while CuBAR(P) is entiferromagnetic.
Stable radicals believed to be formed from the licands are
considered to contribute towards the magnetic behaviour.

Although semiconductivity of the pyrolyzed products
could not be studied, it is believed that they should have
high electrical conductivity and low energy barrier,

Thermal studies indicated solid-solid phase transitions

in some polychelates such as CulA, FeCaA, NiSaAdl,etc.



