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PYROLYSIS OF POLYCHELATBS

III RESULTS AMD DISCUS SI01

III.1 Polychelates of Chloranilic Acid and their 
Pyrolysis;

(i) General; Polyohelates of dihydroxy quinonea;

Polychelates of 2,5 dihydroxy-p-benzoquinone have 
been studied by Jain and Singhal (153), Kanda and 
co-workers (154 to 157), Frank and co-workers (158), Hose 
and co-workers (159), Bottei and Fangman (114) and 
Mistry (116).

Studies on polychelates of naphthazarin have been 
made by Underwood and co-workers (160), Mangini and Stratta 
(161), Bailes and Calvin (162), Bottei and Geraee (115), 
Akiyama and Mizutani (163) and Mistry (116). Polychelates 
of quinizarin and anthrarufin have been studied by Flumiani 
and Bajie (164), Knobloch and Rauscher (165), Korshak and 
co-workers (119, 120, 121), Slinkin and co-workers (166), 
Inoue and co-workers (117), lalati and Mistry (167,168),
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Ooble and Holtzclaw (169), de Charentehary and Teyssie
-» •(170), Jackson and Leonard (171)» Dzhusbalieva and 

co-workers (172), issa and co-workers (173) and Maurya,
. Agarwala and Dey (174).

Studies on polychelates of chloranilic acid and 
bromanilic acid have been carried out by Kanda (154), Mckown 
and Swiger (175), Beg and irshad (176), Yamadera and 
co-workers (177), Bianchi (178) and Krasockha and 
co-workers (179).

Bolychelates of Ohloranilic Acid;

Polychelates of chloranilic acid with cobalt(ll), 
nickel(H), copper(n), iron(II), manganese(II), lead(ll), 
and uranyl(ll) have been prepared and their studies are ' 
presented below..

Phe magnetic moment, electrical conductivity, IB 
spectral bands, DTA peaks and TG- weight loss of these 
polychelates are presented in tables III.1 (a) to (e).

Prom the analysis of these polychelates, the ratio of 
metal—to—ligand is suggested as one—to—one. They are 
represented as linear polymeric chain (I).
(a) 0o(II)-POl.vchelate

Bottei and co-workers (114,115) prepared cobalt 
polychelate of 2,5 dihydroxy p-benzoquinone (BQ) and
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EABIE 111.1(c)
Some Characteristic IR Prequencies (cm”1) of the

Polychelates ~

(i) Co CA

3400 s 2960 w 1985 w 1885 w(b)
1655 m 1610 (ah) 1580 m 1500 s(b)
1375 s 1305 w 1285 (ah) 1240 w
1110 w 1055 w 1005 w 970 w
850 s 8 20 w 770 w 690 m

(ii) Hi CA

3540 s 3390 s(b) 3260 a 2960 m
1890 w 1650 a 1610 a 1490 a(b)
1375 a 1300 a 1090 w 1000 m
960 w 850 a 780 w

(iil) Cu CA

3490 m 2940 w 1900 w 1680 (sh)
1§70 a 1365 a 1300 m 1080 w
995 w
755 w

850 a 820 w 790 w



fABLE III. 1(c) continued

(iv) Mi GA

3420 s 2940 w 2840 w 1960 w
1880 w 1610 (ah) 1575 s 1490 s
1370 s 1345 (sh) 1290 w 1000 w
960 w 845 s 825 w 805 w
770 w 690 w(/b) 645 595 m
570 m 470 w ^ 395 w

(v) Fe CA

3420 m 2940 w 1980 w . 1570 m
1480 s 1355 m 1265 m 990 m
950 w 860 w 850 m 820 w
780 w 770 w 730 w(b) 660 w
650 w 560 m

(yi) Pb GA

3520 ffi 3420 m 1980 w 1 610 m
1485 s 1370 s 1300 m 1030 w
1000 m 965 w 850 s 820 w
760 w 645 m 595 m
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TABLE 111.1(e)

TO weight losses of Polychelates

No Polychelate Temperature range Wei#t loss

1 OoCA

2 NiCA

3 CuCA

4 MnCA

5 PeOA

180-230 6.3
260-290 3.6
298-405 1.0
405-410 70.2

192-210 4
248-286 : f
300-277 3
400-410 * :: 3

435-470 3
470-475 63

370-418 2
418-435 64

204-248 13
255-430 1
430-435 70

204-228 9
285-360 6
360-380 84

150-170
225-250
290-345
345-350

2.5
1.5 
2
93

6 PbCA
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5,8-dihydroxy naphthoquinone (HQ) and studied their IR 

spectra and DTA. Bailes and Calvin (162) studied oxygen- 

carrier characteristics of the cobalt polychelate of HQ. 

Korshak and co-workers (119) studied thermomechanical 

behaviour, average molecular weight and magnetic moment of 

the cohalt polychelate of quinizarin (AQ) and anthrarufin 

(AQR). Inoue and co-workers (11?) studied electrical and 

thermal conductivity of cohalt polychelates of AQ and AQR.

Mistry (116) studied electrical conductivity, DTA and IR 

spectra of cohalt polychelate of BQ, HQ, AQ and AQR. Cohalt 

polychelate of ehlorahilic acid (CA) has not been studied 

recently.

She magnetic moment of Go(II) polychelate (CoCA) is 

calculated as 4.9 B.M per metal atom. The metal ion is 

considered to he 6-covalent with octahedral ligand field.

0 - atoms of the ligand molecules and metal ions are 

considered to he in the same plane. It is suggested 

that monomeric metal chelate has trans octahedral configurat

ion with coordinated and lattice water molecules as in (II).

The solid state conductivity of the polychelate at room
-10 -1 -1temp, is 0.96 x 10 ohm cm *

Prom the IR spectrum of the polychelate, it is 

suggested that (i) the hand at 3400 cm be attributed to 

chelated hydroxyl of end ligand molecules in a chain with 

the overlap for lattice and coordinated water^ (ii) the
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-1band at 1580 cm be attributed to coordinated quinonoid
— 1carbonyl, (iii) the band at 1005 cm be attributed to

— i — iC-Gl group, and (iv) the bands at 1500 cm and 1575 cm 
be attributed to ring deformations.

Endothermic HOA peaks at 185°C and 295°C are 

attributed to solid-state phase transitions involving 
lattice rearrangements with loss of water and the 
exothermic peak at 345°C is attributed to decomposition 

reactions. TO weight losses indicate loss of lattice 
water below 300°0. Heavy weight loss at 410°C, being 

associated with spurting of the powder from the micro 
crucible, cannot be attributed to definite decomposition 
reactions.
(b) Hi(II) Polychelate

Bottei and co-workers (114,115) prepared nickel 
chelates of BQ and HQ and studied their IR spectra and MA. 
Kanda and co-workers (154,155) prepared nickel polychelates 
of BQ, chloranilic acid and bromsnilic acid. Korshak and 
co-workers (119) studied the thermomechanical behaviour, 
average molecular weight and magnetic moment of the nickel 
polychelates of AQ and AQR. Inoue and co-workers (117) 
studied the electrical and thermal conductivity of the nickel 
polychelates of AQ and AQR. Mistry (116) investigated the 
electrical conductivity, MA and IR spectra of the nickel



polyehelates of BQ, HQ, AQ and AQR. Khobloch and 

Bascher (165) studied IB spectra of the nickel polychelate 

of AQ and Slinkin and co-workers (166) studied the catalytic 

activity of the nickel polychelate of AQ.

Ihe magnetic moment of nickel polychelate (FiCA) is

calculated as 3t2 BM per metal atom. The metal ion is

considered to he 6-covalent with octahedral ligand field.

0-atoms of the ligand molecules and metal ions are

considered to he in the same plane. It is suggested that the

monomeric metal chelate has octahdral configuration with

coordinated and lattice water molecules as in (II)^ The
-10

solid state conductivity of the polychelate is 1.78 x10 

ohm cm at room temperature.

Prom the IB spectrum of the polychelate it is
— I

suggested that (i) the hroad hand at 3390 cm he attributed
-1to lattice water, (ii) the hand at 1610 cm he attributed

to coordinated quinonoid carbonyl, (iii) the hand at
1000 cm-1 he attributed to C-Cl group, (iv) the hands at 

— i **"i1490 cm and 1375 cm he attributed to ring deformations
—,iand (v) the hand at 3540 cm he attributed to hydroxyl of 

end ligand molecule in a chain.

Endothermic DIA peaks at 225°C, 280°0 and 300°0 are

110

attributed to phase transitions involving lattice 

rearrangements with loss of water and the exothermic peak
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at 410°0 is attributed to decomposition reactions. TG 
weight losses upto 410°G indicate loss of water molecules 

in steps. It indicates relatively loese binding of water 
molecules to metal ion. Above 410°C, heavy weight loss 

is observed due partly to the spurting of the powder from 
the micro-crucible and hence it could not be used to 
explain the decomposition reactions talcing place at higher 
temperature. However, a speck of 2,5-dihydroxy 
p-benzoquinone could be observed on the.wall of the glass- 
tube. It can be an indication of loss of the ligand 
resulting in the formation of a product with excess metallic 
ion ( in oxide/ hydroxide form). It also indicates 
removal of Cl from chloranilate ion. Elimination of Cl 
may be related to the weak nature of C-Cl bond.

(c) Ou(ll) Polychelate

Besides the studies made by Bottei and co-workers 
(114,115), Mistry (116), Khobloch and Rascher (165)
Korshak and co-workers (119) and Inoue and co-workers (117), 
Copper polychelates of BQjChloranilic acid and bromanilic 
acid have been extensively studied by Kanda and co-workers 
(154, 155) and Akiyama and Mizutani (163.) have studied the 
electrical conductivity of the copper polyehelate of HQ.

The magnetic moment of copper polychelate (CuCa) is 
calculated as 2.0 BM per metal atom. It is suggested that
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G-atoms of tlie ligand molecules and metal ions be 
considered to lie in the same plane and that water 

molecule makes the metal ion 5~covalent so that the 

monomeric metal chelate be represented as square pyramid 
as in. (Uf)« The solid state conductivity of the 

polychelate la 0.02 x 1o'10 ohm'1 om'1 at room temperature.

Prom the IE spectrum of the polychelate it is 
suggested that (i) the band at 3490 cnf1 be attributed to 

coordinated/lattice water, (ii) the band at 995 cm”1 be 
attributed to C-Cl group and (iii) the bands at 1470 cm”1 
and 1365 cm”1 be attributed to ring deformations.

Endothermic ETA peak at 150°C can be attributed to 

phase transition involving lattice rearrangement•
Exothermic peak at 390°C can be attributed to decomposition 

reaction• TG curve shows th&t there is no weight loss 
upto 370 C. At 435°C.» weight loss is associated with 

decomposition and spurting of the powder from the 

micro-crucible. However, some 2,5-dihydroxy p-benzoquinone 

was identified from the particles deposited on the wall 
of the tube, it indicates (i) the removal of 01 from 

chloranilate ion and (ii) the loss of ligand by the 

polychelate.
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(d) Mn(ll) Polychelate

Korshak and co-workers (119) have studied the 
manganese polychelate of AQ. No other studies on the 
Ma(II) polychelate of BQ, IQ, aQ, AQR or UA have been 
reported in recent years.

!£he magnetic moment of the polychelate is found to be
5.9 BM per metal atom. It is considered that the metal
ion is 6-covalent with octahedral ligand field. It is
suggested that the monomeric metal chelate has trans
octahedral configuration as in Off), ihe solid state
electrical conductivity of the polychelate is 1.46x10~10 

“1 —1ohm cm at room temperature.

Prom the IE spectrum of the poly-chelate it is
suggested that (i) the band at 3420 cm ^ be attributed to
hydroxyl of the end-ligand molecule in a chain with the
overlap for coordinated and lattice water, (ii) the band
at 1575 cm-1 be attributed to coordinated quinonoid

carbonyl, (iii) the bands at 1&90 cm“1 and 1370 cm~1 be
attributed to ring deformations and (iv) the band at 

-11000 cm be attributed to 0-01 group.
Endothermic DTA peak at 225°0 can be attributed to 

phase transition involving loss of water and exothermic 
peaks at 440°0 and 46o°C be attributed to decomposition
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reactions. IG weight losses upto 430° 0 indicate loss of 

water molecules. At 435°C, the weight loss is attributed 

to the decomposition and spurting of the powder.

(e) ge(n) Poly chelate

Inoue and co-workers (117) studied the electrical 

and thermal conductivity of iron polychelates of AQ and 

AI^S. Mistry (116) studied the electrical conductivity, 

magnetic moment and IE spectrum of the iron polychelate of

J3Q. lo work on the iron(II) polychelate of chloranilic 

acid has been reported recently.

fhe magnetic moment of the polychelate is nalculated

as 5.6 B.M.-per metal atom. It is considered that the

metal ion is 6-covalent with octahedral ligand field. It

is-' suggested that the monomeric metal chelate has trans

octahedral configuration as in (YI*). The solid state

electrical conductivity of the polychelate is 1.6x1o”10 
-1 -1

ohm cm at room temperature.

From the IE spectrum of the polychelate it is 
suggested that (i) the band at 3420 cm ^ be attributed to

V 1
coordinated and lattice watery (ii) the bands at 1480 cm”1 

and 1355 cm be attributed to ring deformations, (iii) the 

band at 1570 cm-1 be attributed to coordinated quinonoid
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carbonyl and (iv) the band at 990 cm 1 be attributed to 

0-01 group.

Endothermic DTI peaks at 155°C and 245°C can be 

attributed to phase transitions involving loss of lattice 

water. Exothermic Mi peaks at 310°C and 455°0 can be 

related to decomposition.' reactions, TO weight losses 

upto 360 0 indicate loss of lattice water. Heavy weight 

loss at 380 0 is associated with decomposition and spurting 

of the powder.

(f) Pb(Il) Polychelate

Inoue and co-workers (117) have studied the electrical 

and thermal conductivity of lead polychelates of AQ and

AQR. Ho work on the lead polychelate of chloranilic acid 

has been reported in recent years.

fhe lead polychelate is diamagnetic. The solid state

electrical conductivity of the polychelate is 2.82x1o"10

ohm”1 cm”1. Prom the IR spectrum of the polychelate., it is

suggested that (i) the band at 1610 cm"1 be attributed to

coordinated quinonoid carbonyl, (ii) the bands at 1485 cm"1 

-1and 1370 cm be attributed to ring deformations and 
(iii) the band at 1000 cm"1 be attributed to C-Cl group.

TO weight losses upto 340°C indicate loss of water. 

Heavy weight loss at 350°C is associated with decomposition
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reactions and spurting of the powder, 

(g) TT02(II) Polychelate

The polychelate is diamagnetic. The solid state 
electrical conductivity of the polychelate is, 0.0f28xl0_1°

—1 — iohm cm . Ho other studies of the polychelate have been 
made.
(h) G-eneral Considerations?

All the polychelates under study contain coordinated/ 
lattice water. The magnetic moment -of manganese (II), 
iron(II), cobalt(ll) and nickel(II) polychelates indicates 
6-covalent nature of the metal ion, with octahddral ligand 
field surrounding the ion. lead and uranyl polychelates 
are diamagnetic as anticipated. There is no spin-pairing 
in any of these polychelates indicating weak crystal field 

of the ligand atoms surrounding the metal ion. The studies 
also indicate the absence of superjexchange coupling in 

these polychelates.

The IE spectra of the polychelates, in general, have 
a band-structure which can be related to point group.
The spectrum would have a three-band pattern in band

_«1 _ 4regions - 1600 cm , 800 cm and 3200 cm .

The thermal studies (DTA and TGA) show that both 
coordinated and lattice water may be considered lost .
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in cases of UiCA and MaCA. In these cases, water- 
coordination to metal ion may not be strong and heating 
may lead to tetragonal distortions. tyeak water-coordination 
to metal ion is not envisaged from magnetic studies.
FurtherjDSA studies of GuGA and FeCA show endothermic 
peak at/near 150°G.. There is no weight loss at this

temperature in the corresponding TGA studies. Meso phase 
formation may be a possibility and the,peak may be 
attributed to solid-smectic transition.
(iii) Pyrolyzed Polychelates of CA (Pyrolyzed at 31Q-30°Q)

The polychelates of CA were pyrolyzed at 310-3Q°C 

under continuous evacuation. The residual products were 
washed, dried and analysed. On the basis of analysis, 
they are represented as in (YI). There is a difference 
in the amount of lattice/ coordinated water between 
MCA(Pl) and MCA in general.

The magnetic moments of CoCA(PL), UiCA(Pl),CuCA(Pl) 
and IinCA(PIi) (table 111.1(f) ) are comparable to those 
of CoCA, NiCA, GuGA and MhCA respectively. In case 
of FeOA(PL)» the magnetic moment has a somewhat higher 
value. The diamagnetic PhCA lias become paramagnetic 
on pyrolysis. The magnetic moment of PbCA(PL) is 
calculated as 2.1 B.M per metal atom. It may be related 
to the formation of free radical from the ligand or of 
lower valent lead ion.
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(It) Pyrolyzed - Polychelates of CA (Pyrolyzed at 530-60°Q)

The polychelates of GA were pyrolyzed at 530-60°0 

under continuous evacuation* During pyrolysis, 

evolution of water and hydrochloric acid was observed.

The residual products were washed, dried and analysed.
%

The magnetic moment and IH spectral bands of these . 

products are presented in tables 111.1(g) and (h). Solid 

state electrical conductivity of these products could 

not be determined as they could not be obtained in pellet 

form.

(a) CoGA(PH);

The product, on analysis, indicates a ratio of 

metal-to-ligand (Cg) as one-to-one, and is represented 

as in (YII).

The magnetic moment of the product is calculated 

as 5.0 B.M. per metal atom. The metal ion is considered 

6-covalent, being surrounded by weak octahedral ligand 

field.

from the IE spectral data of the pyrolyzed 

polychelate, it is suggested that (i) the product has 

amorphous character, (ii) the band due to 0-C1 group
t

is absent, and (iii) a new band due to C-H group is not

observed
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TABU 111.1(h)

Some characteristic IB frequencies (cm”1) of 

CoCA(PH), NiOA(PH), CuCA(PH), KtoOA(PH),PeOA(PH)

and PhOA(PH) *

(i) CoOA(PH)

3540 s 3400 m 2905 w 1970 w(b)
1680 (eh) 1640 m(h) 1530 w(b) 1420 w
1350 w(b) 1290 w(h) 955 m 940 m
790 m 770 (sh) 725 m 680 w(b)
590 w(b) 540 w

(ii) IiCA(PH)

3340 e 1980 w 1610 s 1500 s(b)
1380 s 1300 w(b) 1240 w 850 m
810 m 770 m 725 M(b) 690 m(b)
645 m 590 w

(iii) OuOA(PH)

3440 s 3360 s 1980 w(b) 1600 m

1340 m 1260 m(b) 975 w 910 w(b)

845 w 780 w 725 w 645 w

590 w 475 w 440 w



133

TABLE 111.1(h) (continued)

(It) MnCA(PH)

3420 s(h) 1610 s 1570 m 1500 s

1370 m 1320 w(b) 1290 w(b) 1220 w(b)

1160 w(b) 1100 w(b) 990 w 840 m

815 w 640 m 590 m 475 w

390 w

(v) PeCA(PH)

3390 w(h) .1990 m 1590 m(b) 1430 w(b)

1360 w(h) 1280 w(b) 760 w 645 m
590 m 480 w 460 w 410 w(b)

370 m

(vi) PbCA(PH)

3560 s 3460 s 1970 m 1565 s
1350 m(i) 620 m 565 m 480 m

375 m
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(h) HiOA(PH):

i'iie product, on analysis, indicates a ratio of 

metal-to-ligand (C6) as three-to-one, and is represented 

as in (YIII). The magnetic moment of the product is 

calculated as 3.3 B.M. per metal atom. If the ligand is 

considered to provide square planar crystal field around 

one metal ion, the remaining two sites of the octahedral 

field around the ion can be associated to O-atoms.

Prom the IE spectral data of the pyrolyaed product, 

it is suggested that (i) the band due to 0-01 group is 

absent, and (ii) a new band due to C-H group is not 

bbserved. The fine structure of the spectrum observed in 

case of NiGA is lost on pyrolysis* however, the three-band 

pattern is maintained,

(°) CuCA(PH):

The product, on analysis, indicates a ratio of 

metal-to-iigand (Cg) as three-to-one and is represented 

as in (IX). The magnetic moment of the product is 

calculated as 1.8 B.M. per metal atom. The ligand is 

considerdd to provide square planar crystal field around 

the metal ion.

Prom the IE spectral data of the pyrolyzed product, 

it is suggested that (i) the band due to C-Cl group is
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absent and (ii) a new band attributable to c-H group is 

not observed. Further the bands attributable to Cu-G 

b&nd in copper oxide are not observed.

(d) geOA(PH)t

The product, on analysis^ gives a ratio of metal- 

to-ligand (Cg) as three-to-one and is represented as in 

(VIII). The magnetic moment of the^product is calculated 

as 6.6 B.M« Per metal ; atom. The ligand is considered 

to provide square planar crystal field around one metal 

ion. Ferromagnetic interactions may be expected to exist 

between different iron atoms.

From the IK spectral data of the pyrolyzed product, 

it is suggested that (i) the band attributable to C-Cl 

group is absent and (ii) a new band attributable to G-H 

is not observed. The spectrum is indicative of amorphous 

.nature of the product.

(e) MnOA(PH);

The product, on analysis, gives a ratio of metal-to- 

llgand (Cg) as one-to-one and is represented as in (X). 

The magnetic moment of the product is calculated as 

5*9 B.M. per metal atomi The ligand is considered to 

provide weak square planar crystal field around the 

metal ion.
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From the IR spectral data of the pyrolyzed product, 
it is suggested that (i) the band attributable to C-Cl 
group is absent and (ii) a new band attributable to C-H 
is not observed. The spectrum is a structured one.

(f) BbCA(gH):

The product, on analysis, indicates a ratio of metal- 
to-ligand (Cg) as one-to-one and is represented as in (X). 
The magnetic moment of the product is calculated as 2.6 B.M. 
per metal atom. It indicates the formation of a stabilized 
biradical as in (XI).

From the IR Spectral data of the pyrolyzed product, 
it is suggested that (i) the band due to C-Ul group is 
absent and (ii) a new band attributable to C-H is not 
observed. Further the spectrum seems to have changed to 
benzenoid structure from cjuinonoid structure.
(g) General considerations;; MCA(BH):

When coking coals are pyrolyzed, polynuclear quinone- 
type compounds are considered to be formed (180,181,182). 
Garten and Weiss (195) proposed the presence of polynuclear 
quinonoid structures in H-carbons to explain their 
behaviour as an O-electrode in alkaline solutions.

It has been observed from the present studies that 
the polychelates of ohloranilic acid undergo



i
m

dechlorination on pyrolysis under continuous evacuation, 

formation of free radicals may be suggested as in B (i). 

The active centres may propagate the reaction leading to

cross-polymerisation as in E (ii) and (iii). Gross- 

polymerisation may also result from the recombination 

reaction as in £ (iv).

Presence ofmoisture can lead to termination reaction
i

for the active site in a chain, as in E (v). The reaction 

1 (v) will lead to the formation of metal polychelates 

of 2,5-dihydroxy p-benzoquinone, which in specific cases 

( M=Ni, Ou, Fe), may be considered to undergo hydrolysis 

forming basic polychelates and releasing 2,5-dihydroxy 

, p-benzoquinone (BQ). The I'hast product (BQ) is. obtained 

as a sublimate on the wall of the tube during pyrolysis. 

(This reaction is not considered to take place to any 

appreciable extent in the case of polychelates of Go, Mn 

and Pb).

The pyrolysis, thus, may involve depolymerisation 

eliminating modified ligand monomer and cross

polymerisation extending cross-conjugation. The relative 

occurrence of depolymerisation and cross-polymerisation 

in the pyrolysis of copper, nickel and iron polychelates 

is two-to-one.
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/■v1 ~h HOH > VC-----H + -OH

E(v)
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The comparison of the IR spectra of MCA and MCA(PH) 
suggests that a band observed in 2000 to 1800 cm 
region in the spectra of NiCA and MhCA is not observed 
in the. spectra of UiCA(PH) and MnOA(PE).

The magnetic studies of PbCA, PbCA(PI) and PbCA(PH)
produced some unusual and interesting results. Although
PbCA is diamagnetic, PbCA(PL) has a magnetic moment of
2.1 B.M. per metal atom and PbCA(PH) has a magnetic
moment of 2.6 B.M. per metal atom. These results indicate
the presence of unpaired electrons in the pyrolyzed
products and can be related to the radical formation and

2+trapping in the solid state. Studies on Pb doped meta
phosphate glass showed that (i) an optical absorption is

developed on irradiation by high energy radiation,
(ii) new ill-defined absorption in TJY region is observed
on X-ray irradiation, and (iii) comparing ESR spectra of

2+irradiated glasses with and without Pb shows that the
electron signal has disappeared (184). These results 

2 +suggest Pb affects the colouration by trapping electrons 
and undergoing reduction to Pb+. This conclusion is 
supported by recent experiments (185, 186) which also 
indicate the possibility of pb°.

The formation of organic radicals in the pyrolyzed 
products is also a possibility. Formation of p-benzo 
semiquinone anion (XII) or diprotonated p-benzo semiquinone
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anion (XIII) has been well established in p-benzoquinone 

system (187 to 190). The preferred route to semi-dlone 

is through alpha-hydroxy ketone (191). Treatment of 

1,3-dihydroxy acetone with base and air yields a radical 

now recognised as 2,5-dihvdroxy-p-benzo semiauinone.

The bi-acetyl radical anion is suggested to have various 

ketyl type structures as in (XIY) (192).

In the present studies 2,5-dihydroxy-p-benzoquinone 

unit can be considered to be transformed on pyrolysis 

in presence of lead into (i) radical trianion (ii) bis- 

biradieal or (iii) biradical dianion. The trianion cannot 

be formed as it would involve the oxidation of lead to 

trivalent state. The formation of bis-biradical can take 

place by oxidation with simultaneous reduction of lead(ll) 

to lead (0) (XY). The formation of biradical dianion is 

suggested in (XI). The magnetic moment of the product 

favours (XI) which will be resonance-stabilised. It needs 

confirmation from BIR studies.

The high magnetic moment of ]?eCA(PH) may now be 

attributed nnt only to the ferromagnetic interactions 

between iron 8-toms but also to the free-radical nature 

of the ligand and its magnetic interactions with iron atoms.

The cross-polymerisation through quinonoid rings of 

different linear polymeric chains brings about ordered
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orientation of two-dimensional net-works formed, 

favouring coplanarity of linked rings. Hie pyrolysis 

therefore, would increase the electrical conductivity of 

the polymer on the basis of increased conjugation and 

coplanarity and decrease the energy gap for conduction 

on the basis of reduced energy barriers. Attempts were 

made to prepare pellets of the pyrolyzed products under 

different conditions. However,a pellet believed to be 

formed on compression, increased in its volume on the 

release of pressure and turned into powder on handling. 

Attempts to use a suitable binding material for pelletizing 

also failed.

III. 2 Polychelates of gt^-diacetyl 4,4*-dihydroxy 

diphenyl sulphone (PAS) and their pyrolysis;

(i) General: Polychelates of bis (Q-acyl phenol):

Terentev and co-workers (106,107) and Marvel and 

larkoy (108) studied thermal stability, reflectance and 

luminescence spectra and magnetic moment of the polychelates 

of copper, nickel, cobalt and iron with 3»3,-diformyl 

.4,4*-dihydroxy diphenyl methane and its Schiff bases and 

hydrazone. Goodwin and Bailar (Jr) (193) studied the 

polychelates of copper, nickel, cobalt and iron with Schiff 

bases and hydrazones of 3,3'-diformyl 4,4’-dihydroxy diphenyl
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methane and of 3,3’-diformyl 4,4'-dihydroxy diphenyl 
sulphone. Belskii and Tsikunov (194) studied EER spectra 
of the polychelates of iron, cobalt, copper, zinc and 
cadmium with the Schiff bases and hydrazone of, 3,3’-diformyl 
4-4’-dihydroxy diphenyl methane. Kapadia (109) studied the 

the polychelates of copper, nickel and cobalt with 
salicylaldehyde coupled with tetrazotised benzidine.

(ii) Polychelates of BAS;

Polychelates of DAS with cobalt(II) niekel(ll) and 
copper(II) have been prepared in presence of ammonia and 
the results of the studies are presented and discussed 

below.

The magnetic moment, electrical conductivity, IE 
spectral bands, DTA peaks and TG weight loss of these 
polychelates are presented : in tables 111.2(a) to (e).

The ratio of metal to ligand is found from the 
analysis of these polychelates as one-to-one. They are 
represented as a linear polymeric chain (X?I).

(a) CoDAS:
The magnetic moment of CoDAS is calculated as 5*1 B.M 

per metal atom. The metal is considered to be 6-covaient 
with octahedral ligand field. Q-atoms of. the ligand
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1ABEB 111.2(c)

Some characteristic IR frequencies (cm**') of CoMS

3400 a 3100 (sh)

1640 a 1560 w

1470 m 1380 m

1190 s 1170 m

1115 w. 980 m

840 810 w .

2900 m 2200 w

1520 m 1505 m

13 30 m 1240 w

1150 w 1130 w

925 m 880 yr

775 m 705 m
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TAEDS III. 2(e)

(EG weight losses of the polychelates

No Polychelate Temperature
range

fo Weight 
loss

1 CODAS 110-340 21

370-392 1.5

* 392-405 24

2 NiDAS 320-412 5

X- 412-430 57

3 CuDAS 160-330 5

* 3 30-348 50
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molecules and metal ions are considered to be in the 
same plane. It is suggested that monometic chelate has 
trans octahedral configuration with coordinated ammonia 
molecules as shown in (XVII). She solid state 
conductivity of the polychelate is 3.G7x10“10 ohm-1 cm"1.

Erom the IR spectral data of the polychelate, it is
""1suggested that (i) the band at 3400 cm be attributed to 

weakly coordinated JT-H bonds, (ii) the band at 1640 cm-1 
be attributed to coordinated CO groups, (III) the bands at

— 1 —i
1330 cm and 1170 cm be attributed to S02 group (iv) the

—ibands at 1380 cm and 1470 cm be attributed to CH^group.
<«(v) the band at 1115 cm be attributed to Ph.S bond anA
— 1 —1 V(vi) the bands at 775 cm and 705 cm be attributed to 

1,2,4 trisubstituted phenyl ring.

Endothermic DTA peaks at 145°0, 305°C and 425°C 

indicate both phase transitions and decomposition reactions. 
Second order changes are also considered to take place.

weight losses indicate loss of ammonia and sulphur 
dioxide, upto a tempeaature of 392°0 and above this 

' temperature complex oxidation reactions are considered to 
occur.
(b) IfiPAS and CuDAS:

The magnetic moment of HiDAS and CuDAS has been 
calculated as, 3»8 and 2.1 B.M. per metal ion respectively.



The results indicate tetrahedral and square planer nature 

of monomeric NiDAS and CuDAS respectively.

Endothermic ETA peaks are at (ij 160°C, 185°C and 

465°0 for Hi DAS and (ii) 180°C and 332°G for CuBAS. The 

results are indicative of phase transitions and decompo

sition reactions. TG weight losses indicate loss of
o oammonia molecules upto 412 0 for UiitAS and upto 330 o for 

CuDAS. Above these temperatures, compounds undergo complex 

oxidation reactions.

o oFurther, for DTA peaks at 160 C and 185 C for HiDAS} 

there is no corresponding weight loss in this temperature
•j

range in its TGA studies. Mesophases may he considered a 

possibility in these phase transitions.

(c) general considerations;

All the polychelates under study contain ammonia; 

however, in case of CoBAS, two ammonia molecules are 

considered to be coordinated to a cobalt ion, whereas in 

case of ffijJAS and CuDAS, two ammonia molecules present per 

metal atom are considered to be in the lattice.

Further, magnetic studies indicate a different 

stereochemical arrangement of ligand fields for cobalt and 

nickel. The degree of coplanarity of the chelate molecule 

is lower for HiDAS (tetrahedral) than for CoDAS (octahedral)
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and can explain lower value of electrical conductivity 

of HiBAS than of CoDAS.

Thermoanalytical studies show that, in all three 

cases there is loss of ammonia on heating. Loss of

osulphur dioxide is a possibility on heating upto 330 0 

in case of CoDAS hut not in case of liBAS or CuDAS, thereby 

indicating that the thermal stabilization of the ligand 

is greater in HiDAS and OuDAS than in CoDAS. Results also 
show that the degradation^oxidation reactions are all 

endothermic.

(iii) Pyrolyzed Polychelates of MS;

The polychelates of DAS were pyrolyzed at 410-30°C 

under continuous evacuation. During pyrolysis, evolution 

of ammonia was observed. The residual products were washed, 

dried and analysed. The magnetic moments and IR spectral 

bands, of some of these products are presented in tables 

111.2(f) and (g). Solid state electrical conductivity 

of these products could not be determined as they could not 

be obtained in pallet form.

(a) QoDAS(P):

She product on analysis, indicates a ratio of metal- 

to-ligand (O^g) as one-to-one. She magnetic moment of the 

product is calculated as 5*1 B.M* per metal atom. The metal

• 'v
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TABLE III. 2(g)

Some characteristic IR frequencies (cm 
of codas(p)

3400 m(b) 

1590 m 

1370 w

2910 s 

1550 (sh) 

1290 w

2850 m 

1530 (eh) 

1215 w

2350 w 

1440 m 

1115 w(b)
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ion is considered 6-covalent, being surrounded by 

weak octahedral ligand field. From the IR spectral
— 1data, it is suggested that (i) the broad band at 3400 cm 

be attributed to water and ammonia molecules in the 

product (11) the bands at 775 cm and 705 cm attributed 

to trisubstituted phenyl ring in CoDAS are not observed,

(iii) the band at 1115 cm”1 be attributed to Ph.S bond

(iv) the band at 1590 cm be attributed to coordinated 

CO group, and (v) the band at 1370 em be attributed 

to 0H^ + SO2 groups, The spectrum indicates amorphous 

nature of the product.

(b) NiBAS(P) and CuDAS(P):

The products, on analysiSjgive a ratio of metal-to- 

ligand (C^g) as one-to-one. The magnetic moment is 

calculated as 3.6 B.M. per metal atom for BTiDAS(P) and 

2.3 B.M. per metal atom for CuDAS(P). The results 

indicate tetrahedral and square planar nature of the 

crystal field around nickel and copper ions respectively.

(c) General Considerations:

The IR spectral data of CoDAS(P) indicate that the 

phenyl rings are highly substituted. To understand this, 

the ligand'was pyrolyzed under continuous evacuation,

analysed and studied for its reactions. It was observed
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that (i) the product gives reactions for phenolic and 
acetyl groups and (ii) hydrogen content is reduced by four 

hydrogen atoms per ligand molecule. Hence it is suggested 
that the ligand is dimeriSed with the abstraction of 
hydrogen atoms in its pyrolyzed polychelates as in (XVIII).

Pyrolysis, thus, is considered to involve loss of 
•ammonia and = abstraction of hydrogen by the radical 
mechanism. She formation of free radical may be suggested 
as in B(vi). Ihe cyclized product may be formed through 
propagation and recombination reactions as in E(vii) to (x). 
(Involvement of CH^ group at some stages of radical 
mechanism of reaction may be a possibility).

It has been observed recently (195) that carbon-carbon 
bond formation takes place on sulphone-pyrolysis. However, 
in the present studies it is observed that carbon-carbon 
bond formation is not associated with the loss of SO2 or 
the breaking of G-S bond.

Ill.3 Polyohelates of dinitroso resorcinol and their 
pyrolysis:

(i) General: Chelates of dinitroso resorcinol (DCTR)i

Issa et al (196) suggested from spectrophotometric 
studies that palladium(II) forms three complexes with 
dinitroso resorcinol (MR) with Pd-to-DHR ratio as



isn

(i) Fe

(ii) Pb

I

o



i
160
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two-to-three, -one-to-one and one-to-two^ Bottie and 

McBachera (197) prepared eopper(Il), nickel(H) cobalt(II) 

zine(II), lead(II), cadmium(II) and mercury(II) chelates 

of DIR and studied their thermal and spectral characteristics. 

Zayan et al (198,199) used DIR for the spectrophotometric 

micro determination of copper(II) and iron(II) and 

suggested the formation of three Complexes of copper(H) 

with DIR with Gu-to-DIR ratio as two-to-one, one-to-one 

and one-to-two. Shebaldov (200), obtained a linear 

coordination polymer of palladium(ll) with DUE with the 

ratio of Pd-to-DMR as one-to-one and studied its catalytic 

activity. Masoud et al (201) prepared copper, nickel, 

cobalt, iron and zinc chelates of DIR and studied their • 

magnetic and spectral properties. Masoud et al (202) also 

studied the solvent extraction of metal-BUR complexes, 

peshkova and co-workers (203»204) studied the in-situ 

formation of copper, nickel and cobalt complexes of DIR 

using resorcinol and nitrite ion.

(ii) Chelates of DlR;

Chelates of DIR with cobalt(II), niekel(ll) copper(ll) 

iron(II) and lead(ll) have been prepared and their studies 

are presented below.

Phe magnetic moment, electrical conductivity, IR 

spectra) bands and PG weight loss of these chelates are 

presented in tables III.3 (a) to (d).
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IABEE 111.3(c)

Some characteristic IR frequencies (Cm-1) of 

MR, GuDIR, OoMR and PbRRR

(i) DNE

3500 s 3400 s 3150 s 2960 w

2800 m 2740 m 2675 m 2040 w

1990 w 1680 (sh) 1650 s 1590 s
1530 w 1480 m 1385 s 1360 (sh)

1300 w 1270 w 1200 m 1120 m
1090 w 1020 s 960 s 900 w

840 m 780 m 720 w 650 w

(ii) OuBIR

3425 s(b) 3350 2920 m 2850 m

2300 w 1580 s 1530 m 1460 m

1440 m 1390 s 1340 (sh) 1260 m

1150 m 1040 m 960 (sh) 820 m
670 m 630 w



IABIE III. 3(c) (continued)

(iii) CoDlB

5450 s(b) 3075 s 2900 m 1620 (sh)

1565 8 1500 m 1430 (sh) 1375 s

1340 s 1280 (sh) 1060 w 810 m

690 m 650 m

(iv) PhMB

3480 m-J)' 3260 m 3220 m 3080 s

2960 (sh) 2480 vy 1620 m 1580 s

1510 m 1410 s 1380 (sh) 1340 s

1270 s 1250 m 1110 m 1070 m

930 s 840 in 790 w 740 m

710 in
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TaBIS 111.3(d)

TQ weight loss of chelates of SHE

No Ohelate temperature range • 4 weight loss( 0)
1 CoIWR

2 NiDNR

3 CuDNR

100-260 15
260-375 38
375-380 27

85 -175 8
180-285 9
285-370 21
400-500 17

175-280 12
290-292 81

140-325 32
335-350 35

4 Re SNR
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The ratio of metal-to-ligand in case of leDHR and 
PbDMR is one-to-two and the compounds are represented as 
non-polymerie chelates as in (XIX). She ratio of metal- 
to-ligand in case of CoDHR, NiBHR and CuENR is one-to-one 
and they are represented as linear polymeric chain (XX). 
This is in analogy with chelates of o-nitroso phenols 
wherein coordination is believed through nitrogen of 
nitreso group.

(a) CoMRi

The magnetic moment of CoBMR is calculated as 1.9 B.M. 
per metal atom. It is suggested that cobalt ion is 
5-covalent, being surrounded by square pyramidal crystal 
field. The solid state electrical conductivity is

^0 _-1 _A0.125 x 10 ohm 1 cm at room temperature.

It is suggested from its IR spectral data that 
(i) broad band at 3450 cm be attributed to water present 
in the chelate and (ii) bands attributable to free phenolic 
groups are not observed.

TG weight loss upto 260°C indicates loss of water f .d 

cant. above this temperature complex oxidative 
decomposition reactions are considered to take place.

(b) HiSHB:
The magnetic moment of RiBRE. is calculated as 

3.1 B.M. per metal atom. It is suggested that nickel ion
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is 6-covalent, being surrounded by octahedral crystal 

field, fwo water molecules may be considered coordinated 

to metal ion in monomeric chelate.

TGr weight losses upto 285°0 indicate loss of water 

and above this temperature oxidative decomposition 

reactions occur.

(c) CuMB:

The magnetic moment studies of OuDlR show that it is 

diamagnetic. Diamagnetic complexes of copper have been 

observed for various ligands, wherein Ou-Gu interaction 

would be considered.

From its IR spectral data, it is suggested that
-1(i) the broad band at 3425 cm, "be attributed to water 

present in the chelate and (ii) no bands attributable to 

free phenolic groups are observed.

TG weight losses indicate loss of water upto 280°C 

and above this temperature, decomposition is vigorous and 

explosive.

(d) PbPHR and ffeDlR ;

FbPNR is diamagnetic as anticipated. Erom its IR 

spectrum, it is suggested that ; ' no water is pi?esent 

in the chelate.
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The magnetic moment of PeDNR is calculated as 

4»5 B.M. per metal atom. TG weight losses indicate 

decomposition reactions.

(e) General Considerations:

- Bottei and McBachern (197) observed that when metal 

chelates were heated at a rate of 5 C per minute in 

nitrogen, they exploded. Their relative thermal stability 

(observed from TGA) was decreasing in order Hi > Cd >

Zn ~ Co > Cu ~ Bg > pi*. They attributed IR spectral bands
1 -1at 3520 cm and 3400 cm for to oxime and hydrogen- 

bonded phenolic group respectively. They concluded from 

mass spectrometric studies that (i) chelates of nickel 

and zinc did not explode when heated under vacuum in the 

oil-bath,(ii) gaseous products consist mainly of carbon 

dioxide, (iii) no 10 or F02 was detected and (iv) a trace 

of benzene was detected in the pyrolysis gases of .NiDHR.

It is observed that MR provides strong crystal field 

to (i) cobalt ion leading to electron-spin-pairing in the 

ion, (ii) copper ion leading to electron-spin-pairing in 

the ion pair or ion-cluster and (iii) iron ion leading to 

some electron-spin-pairing in the ion or ion-cluster.

The ligand which melts at 152°C is stabilised by complex 

formation with metal ions, prom the total weight loss
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observed in -IGA studies, the relative stability of the 

chelates is considered decreasing in the order 

MIR > MIR > GoBIR > CuDIR.

The relative thermal stability on the basis of 

onset temperature for ,the first phase of decomposition 

is decreasing in order CuDIR > PeDlR > CoDIR > liJJNR.

Explosive nature of PbDKR is comparable to that of 

lead-azide, lead styphnate, -lead complex of nitro 

resorcinol, etc.

The ligand can be represented as quinone-oxime as 

in (XXI). IR spectrum of the ligand shows the presence 

of both oxime and phenolic hydroxyl groups. Hence the 

ligand may be considered to be a tautomeric mixture of 

nitroso phenol and quinone-oxime. Morgan and moss (205) 

suggested the structure of ferric lake of DIR prepared in 

presence of ammonia as (XXII-a). laphthol-AS when heated 

with ferric salt in presence of nitrous acid formed GO 

chelate (XXII-b) (206). laphthol green-B (XXII-c) is used 

for accelerating solar evaporation of water of .Dead sea 

for the manufacture of salts (207).

(iii) Pyrolyaed Polychelates of DIR;

The pyrolysis of polychelates was'very difficult 

to controlj the system would often detonate with explosive 

violence. Hence very small quantities of samples were
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used with, low rate of heating. The magnetic moments and 

IR spectral data of some of these products are presented 

in tables 111.3(e) and (f). Solid state electrical 

conductivity of these products could not be determined.

On the basis of analysis, (i) CoDNR(P) and jriMR(p) 

are considered to have 'the metal-to-ligand (Cg) ratio as 

one-to-one and are represented as in (3G;iII-a,b) and 

(ii) CuMB(P) is found to have metal-to-ligand ratio as 

two-to-one and is represented as (XXlII-c).

(a) GoDNR(P), BiDIB(P) and CuI)HR(P);

The magnetic moment of UoI®K(P) and IiMR{P) are

calculated as 4.1 B.M. and 3*7 B.M. per metal ion

respectively. It indicates tetrahedral stereochemical

nature of cobalt and nickel. Pyrolysis has resulted in

weakening and reorientation of the crystal field. IB

spectral data of OoMRCP) indicate the existence of free
-1phenolic group (3560 cm )s-

OuIttfB is considered to lose the ligand on pyrolysis 

increasing metal-to-ligand ratio. However, the pyrolyzed 

product is still diamagnetic.

(b) General Considerations:

Explosive degradation could be avoided in the above 

cases by adjusting the conditions of pyrolysis after repeatei
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2ABIS 111.3(f)

Some characteristic IR frequencies (cm 

of CoDNR(p)

CoDHR(p)

3560 \pn 2940 m 2920 m

1600 s(b) 1380 (eh) 1320 w

730 w

2860 w 

840 (sh)
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n

(xxm-a)
M = Co, Ni

(XXIII-b)
M= N!,Co

CuO
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trials. DIR provided a strong crystal field around the

.metal ion in chelatron; the field weakened on pyrolysis.
\

It has resulted in various structural changes. Weakening 

of the field is considered to have helped the process of 

degradation. In case of OuDNR, the ligand has separated 

out in part on pyrolysis indicating depolymerisation. In 

case of CoDNR(P), the presence of free phenolic groups 

observed in IR spectrum is an indication of degradation 

leading to the formation of shorter polymeric chains. In 

case of CoDIR(P) and IiDNR(P) there is also reorientation
*s,

of crystal field around metal ion.

Pbi)NR(P) could not he prepared. It is believed that 

if it can be prepared, it would exhibit free radical nature.

III.4 Polychelates of azo resorcinols and their pyrolysis;

(i) Generali

(a) Chelates of azoresorcinols;

4-(2-pyridyl azo) resorcinol (PAR) has been investigated 

widely for its chelating characteristics. Spectrophotometric 

determination of (i) silver, (ii)manganese and (iii) palladium,
4

rhodium and ruthenium with PAR was studied by Dshwar and 

Subramanyan (208), Yotsuyanagi et al (209) and Kodama and 

Kodama (210) respectively. Kinetics of the reaction of a 

nickel complex with PAR was studied by Punahashi and Panaka 

(211). Chelate formation of PAR with (i) uranyl, (ii) iron
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and (iii) titanium was investigated "by Sommer et ai (212), 

Nonova and JSvlimova, (213) and Lobanov et al (214) 

respectively. Polarographic studies of PAR with cobalt 

were made by Toyokichi and Hisao (215).

Ohelates of 4-(2-thiazolylazo) resorcinol (TAM.) with 

cobalt end zinc were prepared by Kiryukhina (216) and 

Navratil et al (217). Analytical determinations of 

uranium, osmium and ruthenium with TAR were made lay Gusev 

et al (218) and Ivanov et al (219)*

Ohelates of PAS and TAR with cobalt, nickel, zinc and 

manganese were studied by Stanley and Cheney (220), Herman 

and Norman (221) and Busev et al (222).

Two complexes of zirconium with 1-(2,4-dihydroxy 

benzene azo)2-naphthol-4-sulphonic acid were prepared and 

the mechanism of formation was studied by Mandzhgalaze and 

Nazarenko (223). Palladium complex of 4-(N-methyl anabasine 

2'-azo) resorcinol was prepared byfalipov and Nigai (224). 

Chaprasova et al (225) studied the extraction and photometric 

determination of cobalt chelate with picraminazo-4-cyclohexyl 

resorcinol.

Planarity of hydroxy-azo compounds and their metal 

complexes was discussed by Salikhov (226).

(b) Polychelates of azo resorcinols:

Metallised hydroxy-azo compounds have been widely 

investigated and patented as dyes. Atkinson and Plant (227)



prepared iron, copper and nickel chelates obtained by 
nitrosation and metallisation of aryl azo resorcinols. 
Kracker, Mohr and Kibka (228) described cobalt, nickel 
and copper chelates of azo resorcinols and azo dihydroxy 
benzoic acid. Sailer and Frank (229) patented nitroso azo 
dye prepared by coupling tetrahydroxy diphenyl methane 
with diazotised sulphanilic aoid and nitrosating it. It 
gave iron complex with iron (III). Vicki (230) patented 
one-to-two metal-ligand complexes based on resorcinol 
coupled with diazotised amino dinitro phenol.

Bauman (231) claimed a series of dieazo and polyazo 
resorcinol dyes by dimerising the azo dye with aldehyde 
and preparing their metal complexes with iron, cobalt and 
copper. A number of patents (232 to 234) has been issued 
claiming diazo couplings with resorcinol and forming their 
metal complexes.

iris-azo dyes based on resorcinol coupler and their 
metallic complexes have been patented (235, 236). Poly azo 
resorcinol dyes have been prepared either by coupling first 
and reacting the dye with aldehyde or by coupling with 
resorcinol aldehyde condensate (237).

(ii) Polychelates of BAR and SAB:

Polychelates of BAR with cobalt(ll), nickel(ll), 
eopper(II), iron(II), manganese(II) and lead(II) and of
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SAR with eobalt(ll), nickel(II) and copper(II) have been 

prepared and the results of the studies are presented and 

discussed below.

She magnetic moment, electrical conductivity, IE 

spectral bands, D'TA peaks and TG weight loss of these 

polychelates are presented in tables 111.4(a) to (e).

On the basis of analysis, (i) CoBAE is found to have 

metal-to-ligand (1) ra'fci0 one-to-one and is represented 

as (XXIV), (ii) CuBAE, NiBAR, PeBAR and M3AB are found to 

have metal-to-ligand (Q24) ratio of two-to-one and are 

represented as (XXV), (iii) PbBAR is found to have metal-to- 

ligand (O24) ratio of two-to-three and is represented as 

(XXVI), (iv) CoSAR is found to have metal-to-ligand (Cgg) 

ratio of threerto-one and is represented as (XXVII), and 

(v) NiSAR and CuSAR are found to have metal-to-ligand (°26) 

ratio of two-to-one and are represented as (XXVIII).

(a) CoBARi

Ihe magnetic moment of CoBAR is calculated as 5.2 B.M. 

per metal atom. She metal is considered to be 4-oovalent 

with tetrahedral ligand field. Its solid state electrical 

conductivity is 6.7 x 10 ohm om at room temperature.

1'he endothermic peak, at 170°C indicates the 

possibility of phase transistion associated with



.181

C
or

re
ct

ed
 m

ol
ar

 
M

ag
ne

tic
 mo

m
en

t
m

ag
ne

tic
 

(p
er

 m
et

al
 ion

)
su

sc
ep

tib
ili

ty
 

(p
er

 m
et

al
 ion

)
•S
•03

CM

•in 3.
4 VO

•H 5.
6

5.
4

•H
Q

a03

<WO
CQ
+)(0

0)x:oN
H00*
*H
0

VO
o

K
.23

u

10
87

1

47
94

11
08

12
69

5

12
09

4

Q ,

W+>
c(D6

Jj
O

•H
41

0d5>«ds:

•HI
x**

M
ol

ar
 m

ag
ne

tic
 

su
sc

ep
tib

ili
ty

 
(p

er
 m

et
al

 ion
)

ooH
X

10
62

5

46
47

94
5

12
56

5

11
96

3

D
ia

m

,P
ol

yc
he

la
te

C
oB

A
R am•Hs

303

5 M
nB

A
R %03

ffl
ft o<

o53 H M m M1 , in VO

TA
BL

E 
JI

I.4
(a

)



182

Ma
gn
et
ic
 m
om
en
t 

(p
er
 m
et
al
 i
on
)

•s•m • o•
Oil
•fl

Co
rr
ec
te
d 
mo
la
r 

ma
gn
et
ic
 

su
sc
ep
ti
bi
li
ty
 

(p
er
 m
et
al
 i
on
)

v£>OrH
m SX

0\00Os
t>

OsOmSO
»-«
r)

Mo
la
r 
ma
gn
et
ic
 

su
 s c
ep
 ti
bi
 1 i
 ty
 

(p
er
 m
et
al
 i
on
)

oor-i
X
d*

inc-00c-
!>
mso

OinCMH

Po
ly
ch
el
at
e

%
m0a

a<cca•His
05i

ois fi CM m

TA
BL
E 

11
1.
4(
a)
(c
on
ti
nu
ed
)

(i
i)
 M

ag
ne
ti
c 
Mo
me
nt
s 

of
 P
ol
yc
he
la
te
s 

of
 S
AR



O
f BA

R

fO
H

O
rl
X

i"T
■? 6 

*■P rH
o 1M S-
•0 jG
C 0
0
° b

r-
•CO 4.

68

35
.9

66
6

4.
36

w
<03

t-H
<D

■6

H
£

MH
0

£ *

>
•H
•P
OJ

•H
(9
(U
«

0
rH

1
orH

f*» X 
■P <-v 
*H E > 8
•H •-P CO
OJ g

■H J5
OJ 0
0) w

0/'

14
9.

3

21
3.

5

27
.8

5
in
•

rl

!

22
9.

5

r-H
S3
O

-H
M
•P
t)
0) -
rf
e»

+>
<0
•p
CO

0
M

|
u u0) o
r*

(1)
Eh

CO
CM 28 CO

CM
CO
ca 28

*0
•H
rH
0

CO

■H

Po
ly

ch
el

at
e

9CQ
8

£
CQ
O
u M

nB
A

R i
CQ
©

f3c« Pb
B

A
R

N
o

rH CM cn in

TA
B

LE
 11

1.
4(

b)



TA
BL
E 

11
1.
4(
b)
(c
on
ti
nu
ed
)

184

Co
nd
uc
ti
vi
ty 0r-iK

1

rl
1

0
•***
\>

21
6

38
.1 If)

•00
00

;
Re
si
st
iv
it
y

0<-4
10t-lX

f13
cv*

•si*
03
VO• 26

.2
3

11
.3

Te
mp
er
at
ur
e

B0 28 28 28

Po
ly
ch
el
at
e

Co
SA
R SCQ

rl
S Cu

SA
R

oS3 ri CM m

(i
i)
 S

ol
id
 S
ta
te
 E
le
ct
ri
ca
l 
Re
si
st
iv
it
y 
of
 P
ol
yc
he
la
te
s 

of
 S
AR



185

TABLE 111.4(b)

Some characteristic IE frequencies (cm"’1) of 

BAR, CoBAR, Be BAR and SAR

(i) BAR

3100 s(h) 1580 m 1460 m 1390 m
1295 m 1230 s 1185 s 1090 m
980 w 800 m -

(ii) OoBAR

3350 s(b) 3150 m 2950. m 1560 a

1540 s 1420 m(b) 1020 (sh) 820 m
650 m

(iii) feBAR

3350 s(b) 3050 s(b) 2900 m 2840 m
2750 w 1610 m(b) 1485 m 1425 w
1390 w 1120 s(b) 1070 s 1000 m
980 m 810 m 660 m 610 m

(iv) SAR

3400 m(b) 3075 s 2900 s 2500 (sh)

1600 m(b) 1550 m(b) 1460 m 1380 w
1305 s 1175 s 1120 m 1060 s
1010 s 950 (sh) 820 w 780 w
700 m 620 m
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TABLE 111.4(e)

TG weight loss of BAR and Polychelates of BAR and SAR

No Ligand and 
Polychelates

Temperature range % weight 
loss

1 BAR 175-270 2
270-540 60

2 CoBAR 175-185 4
250-270 4
275-430 15

*430-480 67

3 NiBAR 160-510 40
510-540 20

4 FeBAR 310-330 7
350-385 8

*385-410 35

5 CuSAR 225-325 5
325-375 6
420-450 3

*450-550 12

6 CoSAR 180-275 4
275-340 6
340-470 16

*470-530 34
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decomposition and the exothermic peak at 470°0 can he 

related to oxidative decomposition. TG weight losses 
indicate loss of nitrogen upto 270°C and above this 

temperature the system decomposes leaving the residue of 
cobalt.

Prom the IE spectral data, it is suggested that
(i) the band at 820 cm“1 be attributed to p-substituted

-1 -1aromatic rings, (ii) the bands at 1540 cm and 1420 cm 
be attributed to phenyl rings and (iii) the band at 

1020 cm be attributed to azo group.

(b) hi BAH:

Its magnetic moment is calculated as 3.4 B.M. per 
metal atom. It indicates octahedral crystal field around 
the metal ion.

Endothermic peaks at 155°0 and 290°C and exothermic 
peak at 460°0 are attributed to decomposition reactions.

1& weight losses indicate overlap of decomposition reactions.

(c) OuBAR:
Its magnetic moment is calculated as 1.6 B.M. per 

metal atom. The system may be considered to have Cu-Gu 
interactions leading to electron-spin-pairing in paramagnetic 

centres.
Endothermic peak at 165°C and exothermic peak at 310°C _

are attributed to decomposition reactions.
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(cl) PeBAR:

Its magnetic moment is calculated as 5.4 B.M. 'per 

metal atom. It indicates octahedral crystal field around 

metal ion.

Endothermic peak at 18Q°C may be related to phase 

transition whereas peaks at 290°0, 390°0 and 510°C to 

decomposition reactions. TG weight losses indicate 

complex decomposition reactions.

from the IE spectral data, it is suggested that (i) the 

broad band at 3350 cm be attributed to water present in 

the chelate, (ii) the band at 810 cm ^ be attributed to

p-substituted aromatic rings and (iii) the band at 980 cm"1 

be attributed to azo group.

(s) MhBAK and PbBARi

The magnetic moment of MAR is 5.6 B.M. per metal

atom.
Endothermic peak at 160°0 and exothermic peak at 460°C 

may be attributed to decomposition reactions in MhMR.

PbBAR is diamagnetic. Endothermic peak at 175°0 and 

exothermic peak at 425 0 may be related to decomposition 

reactions,

(f) Polychelates of SARi

The magnetic moment of CoSAR, NiSAR and CuSAR has been 

calculated as 4.4 B.M. per metal atom, 4.1. B.M. per metal
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atom and 1.9 B*M. per metal atom respectively. The 

magnetic moments of GoSAR and NiSAR may "be related to the 

ionic and tetrahedral chelated metal ion contributions.

Thermal studies indicate the following:

Endothermic peak at 160°0, 170°C or 1gO°C indicate 

phase transition. Other endothermic and exothermic peaks 

are indicative of degradation reactions. TG weight losses 

indicate decomposition reaction involving loss of nitrogen 

and oxidative degradation reactions.

(g) General Considerations;

Azo-resorcinol dyes and their metallised products 

are in use as leather dyes. Azo phenol dyes can exist in 

their tautomeric quinone-hydrazone forms. However, in the 

present studies, azo-phenol structures are considered in 

general.

The relative thermal stability on the basis of onset 

temperature for the first phase of degradation is decreasing 

in order

PeBAR > i»bBAR> CoBAR~ GuBAR~MnBAR>!iBAS 

Hi SIR > OuSAR > Go SIR

Prom TG weight losses, the relative stability of the 

polychelates is considered decreasing in order

FeBAR > Hi BAR > OoBAR 

CuSAR > CoSAR
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(iii) Pyrolyzed polychelates of Biff and SARi

The pyrolysis of the polychelates of MR and SAR
/

was carried out under continuous evacuation. The magnetic 

moments and IR spectral data of some of these pyrolyzed 

products are presented in tables 111.4(f) and (g). Solid 

state electrical conductivity of these products could not 

he determined.

On the basis of analysis, (i) CoBAR(P) is found to 

have metal-to-ligand (Cg^) ratio of one-to-one and is 

represented as (XXIX), (ii) IiBAR(P), uuBAE(P), PeBAR(P) 

and MnBAR(P) are found to have metal-to-ligand (Cg^) ratio 

of two-to-one and are represented as (XXX), (iii) GoSAR(P) 

is found to have metal-to-ligand (Cgg) °f three-to-

one and is represented as (XXXI) and (iv) HiSAR(P) and 

OuSAR(P) are found to have metal-to-ligand ratio of two-to- 

one and are represented as (XXXIl).

The magnetic moments of CoBAR(P), PeBAR(P), OoSAR(P) 

and HiSAR(P) are not evaluated as they exhibit ferromagnetism 

which could not be studied. The magnetic moment of RiBAR(P) 

is calculated as 2*7 B.M. per metal atom. It indicates 

that the nickel ions in the polychelate maintain octahedral 

stereochemistry and undergo dimerisation through Ni-Ni 

cross-linking. The magnetic moment of GuBAR(P) is
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TA31M 111.4(g)

Some characteristic IR frequencies (cm”"1) of 

CoBAR(P), FeBAR(P),CoSAR(P) and JTiSAR(P)

(i) CoBAR(P)

3400 a (b) 3100 m 2920 m 2850 m
2790 w 2675 w 1585 m(b) 1560 m
1540 m 1400 m 1375 m 1360 w
1140 m

(ii) PeBAR(P)

3100 w 2900 s 2850 m 1580 w(b)
1440 m 1370 v 1140 w 1100 w
1080 w 1020 w

(iii) OoSAS(P)
-

3100 w 2900 m 2825 w 1560 m(b)
1540 w(b) 1 490 w 1380 w 1180 m
1020 tt 800 w 780 w

(iv) IiS4R(P)

2850 a 1140 m
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calculated as I,1# JB.M. per metal atom, low value is 

indicative of antiferromagnetic interactions which, would 

take place amongst copper ions, i'he magnetic moment of 

MnBAR(P) is calculated as 5.4 B.M. per metal atom and 

suggests no change in the magnetic nature of the 

polychelate on pyrolysis. The magnetic moment of OuSAR(P) 

is calculated as 2.0 B.M. per metal atom and indicates 

no change in paramagnetic nature on pyrolysis.

From the IE spectral data of CoBAR(P) and PeBlR(P),
—1 -1it is suggested that (i) the hand at 820 cm /810 cm 

attributed to p-substituted aromatic rings is not observed 

and (ii) the band at 1020 cm /1000 cm attributed to 

azo group is not observed.

Prom the IR spectral data of GoSAR(P) and EiSAR(P),
— i

it is suggested that (i) the band at 1010 cm 

attributable to azo group is very weak in OoSAE(P) and not 

observed in liSAR(P).

The radical mechanism of decomposition of azo compounds 

is well known. Thilo and Hawser (238) described in 1896 

the quantitative evolution of nitrogen according to the 

equation

R -I = N - R* —-> E - B* + N2 

and the formation of products by transfer and recombination
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reactions. Kapadia (109) suggested that the thermal 

fission involving the evolution of nitrogen is catalysed 

by the metal ion chelated to the salicylaldehyde moiety 

of the azo ligand. She fission reaction was facilitated 

by nickel and inhibited by cobalt. In the present studies 

azo group is considered involved in complex formation 

and in none of the polychelates there is inhibition of 

thermal fission evolving nitrogen by the metal ion 

chelated to the azo group.

Azo-compounds are known as initiators of polymerisation 

through radical mechanism. IE spectra of the polymerized 

products suggest further substitution in the phenyl rings.

It may indicate the formation of polynuclear compounds 

through hydrogen-abstraction, facilitated by the free 

radicals formed in the fission of azo compounds.

The ferromagnetism suggested for various pyrolyzed 

products may be attributed not only to the M-M interactions 

but also to M - I interactions where 1 (ligand) has 

attained some free radical nature.



III. 5 Poly chelates of BUf and BAIf and their Pyrolysis •

(i) General % Chelates of azo naphtholsr

Bamberger (239) prepared copper, nickel and cobalt 
chelates of hydroxy azobenzenes and azo-naphthols. 
lassettre (240) and waif and Liddell (241) studied the 
stereochemical properties of metal chelated azo phenols 
and their azo phenol and quinone-hydrozone resonating 
strictures. Brew and Landquist (242) prepared copper 
chelates of hydroxy azo benzenes and naphthalenes and 
considered the planarity of metal chelate rings. Wark (243) 
observed that azo group in azo salicylic acid is not 
involved in chelate ring formation with copper. Morgan and 
Mainsmith (244) found that while many 0,0'-dihydroxy azo 
dyes took up metal ions, some underwent oxidation to 
quinonoid forms which were involved in chelate formation. 
Beech and Brew (245) studied the formation of copper 
complex with hydroxy azo compounds containing sulphonic 
acid group.

Chelates of l-azo-2-naphthol derivatives and their 
tautomerism have been studied by Toshio et al (246),
Xawase (247), Zorshanov (248), Sehetty (249), Pilipenko and 
Savranskii (250), Bomagalina and Zareba (251), Garnovskii 
et al (252), Pilipenko et al (253), Garvanska et al (254),
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Beffa and Paseiati (255), Saikina et al (256), Budnikov et al 

(257), Zimmermann et al (258), and Shimidzu and Uno (259)*

1-azo-2 hydroxy-3-naphthoic acid (ABN) derivatives 

have been found as (i) a reagent for calcium (260), (ii) an 

indicator for titrations of copper and nickel against BDTA

(261) , (iii) a chelating agent for copper, nickel and zinc

(262) , (iv) a lake-former (263, 264) and (v) a complexing 

agent for various metal ions (265).

(ii) Polychelates of BAH and SAN;

Polychelates of BAIT • - - with cobalt and copper were 

prepared from dimethyl formamide solutions and polychelates

of SAN with cobalt,nickel and copper were prepared from 

ammoniacal solutions. The results of their studies are 

presented and discussed below.

The magnetic moment, electrical conductivity, IR spectral 

data, DTA peaks and TG weight loss of these polychelates are 

presented in tables 111.5(a) to (e).

On the basis of analysis (i) CoBAN,and CuBAN are found 

to have metal-to-ligand (C^) ratio of one-to-one and are

represented as (XXXIII), (ii) CoSAN is found to have metal-
\

to-ligand (O35) ratio of two-to-one and is represented as 

(XXXIV), (iii) NiSAN is found to have metal-to-ligand ratio of 

four-to-one and is represented as (XXX?) and (iv) CuSAN is 

found to have metal-to-ligand (035) ratio of three-to-one a:1 .
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TABLE XII•5(c)

_1Some Characteristic IE Frequencies (cm ) 

of CoBAI and CoSAff

(i) CoBAM

2900 s 2850 s 1640 (sh) 1600 s(b)

1530 s 1470 s 1438 s 1365 s

1340 s 1300 m(b) 1240 m ' 1180 m

1125 m 998 w 802 m 725 m

(ii) CoSM ■

3350 s(b) 2900 m . 2350 m 1600 m

1560 (sh) 1540 s 1480 s 1440 s

1380 vs 1366 s 1320 m 1295 w

1258 m 1180 vs 1145 s 1070 m

1018 s 980 (sh) 880 m 820 m

750 m 705 m 615 m
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TABLE 111.5(e)

TG weight loss of the Polychelates of BAN and SAN

No Polychelate Temperature range % weight loss

1 CoBAN 165-340 3
* 340-420 76

2 Cuban 150-275 10
*275-305 79

3 CoSAN 180-185 2
225-325 10
340-470 28
480-500 25

4 NiSAN 165-250 8
250-425 40

*450-500 42

5 CuSAN 175-300 7
*320-360 58
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(xxxiv)
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and is represented as (XXXVI).

(A) CoBAN :
■' I

Its magnetic moment is calculated as 6.1 B.M.- <per 

metal atom. The ligand is sixadentate and the metal ion 

is considered 6-covalent with octahedral crystal field 

surrounding the ion. The magnetic moment is much higher 

and may he related to ferromagnetic interactions of cohalt 

atoms.

The endothermic -DTA peak are 160°0 is a second order

change and is indicative of glass-transition temperature.
Endothermic DTA peak at 270°C is broad and indicates slow

odecomposition reaction. Exothermic peak at 335 G is 

attributed to decomposition reaction. TG weight losses

indicate slow degradation evolving carbon dioxide + nitrogen

o oupto 330 C and oxidative degradation upto 420 G leaving a

residue possibly of cobalt carbonate.

(b) GuBjgr :

Its magnetic moment is calculated as 2.4 B.M. per 

metal atom.

Endothermic DTA peaks at 170°0 and 270°C and 

exothermic peak at 355°G indicate decomposition reactions 

in steps. TG weight losses indicate loss of carbon dioxide 

upto 275°G and oxidative degradation upto 305% leaving

a residue of copper oxide.



213

(g) gosaet :

Its magnetic moment is calculated as 5.3 B.M. per 

metal atom. The metal ion is considered 6-covalent with 

octahedral crystal field surrounding it.

Endothermic peaks gt 160°G and 305°0 and exothermic 

peak at 450°0 may be related to degradation reactions. ‘16 

weight losses indicate loss of carbon dioxide and nitrogen 

in steps upto 325°0 and oxidative degradation at higher 

temperatures*

(d) Hi SAN’s

Its mangetic moment is calculated as 3.4 B.M. per metal 

atom. The polychelate, contains ionic and chelated nickel.

Endothermic peak at 130°0 is related to phase

otransition and endothermic peak at 390 C and exothermic 

opeak at 460 0 are attributed to degradation reactions. TG

weight losses indicate loss of carbon dioxide + nitrogen 

oupto 250 0 and degradation at higher temperature.

(e) OuSAN

Its magnetic moment is calculated as 1.9 J3.M. per 

metal atom.

Endothermic peak at 160° and exothermic peak at 295°

indicate degradation reactions. TG weight losses indicate
oloss of carbon dioxide + nitrogen upto 300 C and oxidative



2.U

degradation at higher temperatures.

(f) General Considerations»

BAN forms one type (1:1} of the polychelates whereas 
SAN forms three types (2:1, 3:1 and 4:1) of the polychelates.

Brew and Landquist (242) studied copper chelates of 
o-hydroxy, o-carboxy, o-o'-dihydroxy and o-hydroxy-o*- 
carboxy azo compounds of benzene and naphthalene series 
and suggested their structures as (XXXVII-a)5(XXXVII-b), 
(XXXVII-c) and (XXXVII-d). Beech and Brew (245) represented 
a (3:2) copper chelate of o-o’-dihydroxy azo ligand as 
(XXXVIII-a). It is also represented as a chelate of 
o-hydroxy, o’-quinone hydrazone (XXXVIII-b). In the 
present studies the structures are assigned on the basis 
of azo structure and the assumption of stability of 
6-membered chelate ring.

Prom the weight losses observed in IGA studies, we 
consider the relative stability of the polychelates decreasing 
in the order

CoBAN > CuBAlT
Co SAN > CuSAF > NISSAN

CoBAN, CuBAF and CuSAN decompose gradually over a 
temperature range of 100°<j or mo re, evolving carbon dioxide 

and nitrogen. Further decomposition/oxidative degradation
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(x XXVH-c) (XXXVH-d)
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is over a temperature range of 30°C to 80°C and may 

involve 60 to 80fo weight loss. CoSAIT undergoes degradation 
in four steps and total fo weight loss is 65$*

The relative thermal stability on the basis of onset 
temperature for first phase of degradation, is decreasing 
in order,

CuBAJST > CoBAN

EfiSAfJ > GoSj® fsj, CuSAIT

(iii) Pyrolyzed Polychelates of BA® and SAN:

The polyohelates of BA® and SAN were pyrolyzed at 
o310-30 C under continuous evacuation. The magnetic moments 

and IB spectral bands of some of the pyrolyzed products 
are presented in tables 111.5(f) and (g). Solid state 
electrical conductivity of these products could not be 
determined as they could not be pelletized.

On the basis of analysis (i) CoBAN(P) and CuBAN(P) are 
found to have metal-to-ligand (Cj^) ratio as one-to-one and 
are represented as (XXXIX), (ii) OoSAN(P) is found to have 
metal-to-ligand (O35) ratio as two-to-one and is represented 
as (XXIX-a), (iii) Ni3AN(P) is found to have metal-to-ligand 
(C^) ratio as four-to-one and is represented as (XXXX-b) 

and (iv) CuSAN(P) is found to have metal-to-ligand (C55) 
ratio as three-to-one and is represented as (XXXX-c).



Ma
gn

et
ic

 M
om

en
ts

 o
f 

Py
ro

ly
ze

d 
Po

ly
ch

el
at

es

218

2.
0

2.
5

Ma
gn

et
ic

 -
mo

me
nt

 
(p
er
 m

et
al

 i
on
)

B.
M.

Cu
BA
N'
(P
) 

22
29
 

25
57

(i
i)
 P

yr
ol

yz
ed

 P
ol

yc
he

la
te

s 
of
 S

AN
*C
oS
AN
(P
)

Ni
SA

N(
P)

Cu
SA
N(
P)
 

14
34
 

15
72

*C
oB

AN
(P

)

(i
) P

yr
ol

yz
ed

 P
ol

yc
he

la
te

s 
of
 B

AN

x 
10

M
XCo

rr
ec

te
d 

mo
la

r 
ma

gn
et

ic
 

su
s c

ep
ti

bi
li

ty
 

(p
er
 m
et

al
 i

on
)

Mo
la

r 
ma

gn
et

ic
 

su
sc

ep
ti

bi
li

ty
 

(p
er
 m

et
al

 i
on
)

x 
10
^

Po
ly

ch
el

at
e

1 2 3 4No



210

TABUS 111.5(g)

Some Characteristic IR Frequencies (cm-1) 

of CoBAN(P) and CoSAN(P)

(i) CoBAF(P)

2375 m 
1140 w 
680 w

2150 w 1550 m(b) 1240 w 
1100 (sh) 810 m 760 m 
640 w

(ii) CoSAlT(P)

3350 s(b) 

1360 8(5)
3050 s(b) 
1140 s

2850 s 
1080 m(b)

1560 s(b) 
1020 m(b)
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The magnetic moments of CoBAJT(P)> CoSAJT(P) and 

HiSAF(P) are not presented as the compounds exhibit 

ferromagnetic behaviour. CuBJffi(P) and CuSM(P) have 

magnetic moment of 2.5 B.M* per metal atom and 2.0 B.M.
i

per metal atom respectively.

It is suggested that 1-azo-2-hydroxy 3-naphtho^c 

acid derivatives form chelates wherein azo and hydroxy 

groups are considered involved in chelation in preference 

to hydroxy and carboxylic acid groups. On pyrolysis, one
rof the two azo groups and one of the two carboxylic acid 

groups are considered involved in degradation releasing 

nitrogen and carbon dioxide. The pyrolyzed product, then, 

has structural rearrangements. In this degradation, basic 

metal compounds (oxide, hydroxide, bridged oxy or hydroxy 

compounds, etc.) have been found.

III.6 Concluding remarks:

Pyrolysis has been used as a technique for the 

synthesis of CHELATE-POLYMERS and for understanding

the changes in chelate polymers.

ICorshak et al (266) observed that the concentration 

of paramagnetic centres in semiconducting IT-polymers 

increased linearly with heat-treatment temperature between 
400° and 900°C. Above 500°C, in addition to degradation, 

the polymer underwent cross-linking accompanied by the 

formation of bundle of layers of condensed aromatic rings.
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The first step in the thermal splitting of a polymer 

is the free-radical formation and growth of the reaction is 

accompanied hy bond opening and lowering of the molecular 

mass. Termination reactions may result in the formation of 

different end-groups in a macromolecule, in a change in 

molecular mass distribution and in the formation of branched 

and three-dimensional structures. Like any chain reaction, 

thermal degradation is accelerated by substances" which 

decompose readily into free-radicals and is slowed down in 

the presence of substances which are free-radical acceptors.

Thermal degradation also causes depolymerisation. The 

monomer yield depends not only on the kind of polymer but 

also on the conditions and mechanism of its synthesis and 

thermal splitting. If inter-molecular* reactions predominate, 

branched and three-dimensional structures result. When 

depolymerisation is accelerated by air, the molecular mass 

decreases, but the monomer may not be obtained. When halo- 

derivatives of polymers are heated, the chemical nature of 

the polymer changes before thermal cepolymerisation could 

have set in. When heterochain polymers are heated, very 

complex processes usually occur, accompanied by a decrease 

in the molecular mass and evolution of various decomposition 

products. In some cases, however, the heterochain polymers 

are depolymerised.
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Pyrolysis of the polychelates of chloronilic acid 

resulted in dehydration and dechlorination followed by 

cross-polymerisation and “'depolymerisation". Pyrolysis of 

the polychelates of 3*3*-diaeetyl 4,4*-dihydroxy diphenyl 

sulphone led to deammoniation and dehydrogenation followed 

by cross-polymerisation and cyclization. Pyrolysis of the 

chelates of 2,4-dinitroso resorcinol under controlled 

conditions resulted in (i) lowering of molecular mass,

(£i) depolymerisation, (iii) weaking of the crystal field 

around metal ion, and/or (iv) reorientation of crystal 

field around metal ion. Pyrolysis of the polychelates of 

bis (4-azo resorcinol) dyes resulted in partial 

denitrogenation which was not inhibited by the metal ion 

linked to azo group. Pyrolysis of the polychelates of 

bis (1~azo-2-hydroxy-3-naphthoic acid) dyes led to the 

partial denitrogenation and decarboxylation.

Some of the products obtained have high thermal 

stability and can be considered for high temperature 

applications.

pyrolyzed polychelate of lead with chloranilic acid 

has a magnetic moment of 2.6 l.M. per metal atom. The 

paramagnetic nature is related to stabilized radical anion. 

Pyrolyzed polychelates of bis (4-azo resorcinol) dyes with 

cobalt, nickel and iron exhibited ferromagnetic behaviour
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whereas that with copper exhibited antiferromagnetic 
behaviour, pyrolyzed polychelate of bis (l-azo-2-hydroxy- 
3-naphthoic acid) dyes with cobalt also exhibited 
ferromagnetic behaviour. Pyrolyzed polychelate of copper 
with 2,4-dinitroso resorcinol exhibited diamagnetic 
behaviour. Thus, some pyrolyzed polychelates exhibited 
unusual magnetic behaviour as ferromagnetic, antiferromagnetic, 
paramagnetic and diamagnetic behaviour and can be considered 
useful for preparing magnetic tapes, ferromagnetic powders, 
stabilised radicals, etc.

Phermal studies (DPA and PGA) of the polychelates 
indicate solid-solid phase transitions in the case of
(i) copper and iron polychelates of chloranilic acid and
(ii) nickel polychelate of bis (1-azo-2-hydroxy-3-naphthoic 
acid) dye.

'When pyrolysis led to the cross-polymerisation forming 
polynuclear or polycyclic ring eompounds, it would bring 
about ordered orientation of two-dimentional net-works, 
favouring coplanarity of linked rings. Phe pyrolysis, then, 
would increase electrical conductivity through increased 
conjugation and coplanarity and decrease the energy gap for 
conduction due to reduced energy barriers (267, 268).
Attempts were made to prepare pellets of the pyrolyzed 
products under different conditions. However, no pellet 
could be obtained in stable form for the determination of
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electrical conductivity. It is believed that many of 

these pyrolyzed polychelates would have high electrical 

conductivity, exhibit semi-conducting behaviour and 
find many applications.


