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A) Characterisation of the ligands:

The ligands that have been synthediand employed in the present investigation
are:
1. 4-((2-Hydroxybenzylidene)amino)benzenesulfonamide (HBABS)
2. 4-((Furan2-ylmethylene)amino)benzenesulfonamide (FMABS)
3. 4((Thiophen2- yimethylene)amino)benzenesulfonamide (TMABS)
4. N-(Thiophen2-ylmethylidene)pyridine-4-carbohydrazide  (TMPCH)

5. N-(Thiophen2-ylmethylidene)pyrazine2-carboxamide (TMPCA)

All the ligands are stable at room temperature and arehygnoscopic. They are
insoluble in water, slightly soluble in methanol and acetone and fairly soluble in hot
methanol and dimethylformamide. The ligands have been characterized by

analytical, massH NMR andIR spectral data.

The analytical dia of the ligands are presented iable2. The C, H and N

analyses satisfactorily coincide with the expected formula of the ligands.



Table-2 : Analytical data of the ligands HBABS, FMABS, TMABS, TMPCH

and TMPCA
S.No. Ligand Per cent
Carbon Hydrogen Nitrogen
1 G3H12N203S 55.68 4.02 9.56
(56.51) (4.38) (10.14)
2 Ci11H10N20sS 51.54 3.88 10.56
(52.79) (4.03) (11.19)
3 C11H10N20:S; 49.50 3.58 10.45
(49.61) (3.78) (10.52)
4 C11HgN30S 56.78 3.12 17.64
(57.13) (3.92) (18.17)
5 Ci1o0H7N30S 54.74 2.98 18.65
(55.29) (3.25) (19.34)

The values in parentheses are the calculatesl fonéhe molecular formulagiven.



1.

4-((2-Hydroxybenzylidene)amino)benzenesulfonamide (HBABS)

The masstH NMR ard IR spectra of the ligand HBABS are presented in Figs.6

From the analytical data, the molecular formulasHz:N.OsS has been
adjudjed which agrees well with a product resulting from 1:1 condensation between
4-aminobenzenesulfonamide anehy@lroxy benzaldehyde with the elimination af

water molecule. This is supported by massNMR and IR spectral data.

The mass spectrum shows parent peak at m/z 277, which corresponds with the

molecular formula.

'H-NMR :

-CH proton of azomethinegroup U 7. 4 ppm
Aromatic protons a  7-7.2ppm
Phenolic OH u 8.8 ppm

The IR spectrum shows a labband at 1615cthdue to GN. Theband at 3266m*

is attributed ton NH, and that at 334%*ton O-H.
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Fig.6: Mass spectrum of igand HBABS
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Fig.7: 'H-NMR spectrum of ligand HBABS
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Fig. 8: IR spectrum of ligand HBABS



2. 4-((Furan-2-ylmethylene)amino)benzenesulfonamide(FMABS)
The masstH NMR and IR spectraf the ligandFMABS are presented irFigs 9-11.

From the analytical data, the molecular formula;HzoN>OsS has been
adjudjed which agrees well with a product resulting from 1:1 cosate©n between
4-aminobenzene sulfonamide and furdrcarbaldehyde with the elimination @f

water molecule. This is supported by massNMR and IR spectral data.

The mass spectrum shows parent peak at m/z 251, which corresponttewith

molecular formula.

"H-NMR :

-CH potonofan met hi ne group d 7. 1lppm
Aromatic protons u  P3pm

IR:

n (C=N) 1627cm’

n(C=C)  Aromatic 1553cnt

n (NH,) 3289cnt

n (C-0O) 883cni’
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Fig. 9: Mass spectrum ofigand FMABS
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Fig.11: IR spectrum of igand FMABS



3. 4-((Thiophen-2- yimethylene)amino)benzenesulfonamide (TMABS)

The mas$H NMR and IR spectra of éhligand TMABS are presented in Fige-14.

From the analytical data, the molecular formulaHzoN2O,S, has been adjudjed
which agrees well with a product resulting from 1:1 condensation elegtw
4-amindbenzene sulfonamide and thiophéhearbaldehyde with the elimination af

water molecule. This is supported by massNMR and IR spectral data.

The mass spectrum shows parent peak at m/z 267, which corresponttewith

molecular formula.

"H-NMR :

-CHprotm of azomethi mpgmn gr oup u 6.
Aromatic protons u  B.7@pm

IR:

n (C=N) 1608cm*

n (C-S) 76cm’

n SO, (Sy) 1197cm*

n SO, (Asy) 1362cm’*

n NH- 322 cm1l
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Fig.12: Mass spectrum ofigand TMABS
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Fig.13: *H-NMR spectrum of ligand TMABS
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4. (Thiophen-2ylmethene )pyridine - 4-carbohydrazide (TMPCH)

The masstH NMR and IR spectra of the ligand TMPCH are presented in

Figs. 1517.

From the analytical data, the molecular formulaHgN3OS has been adjudjed
which agrees well with a product resulting from 1:1 condensation between pyridine
4-carbohydrazide and thiophen@-carbaldehyde with the elimination cf water

molecule. This is supported by ma¥4,NMR and IR spectral data.

The mass spectrum shows parent peak at m/z 232, which correspontiewith

molecular formula.

'H-NMR :
-CH proton of azoméiine group ua 7.5ppm

-NH proton of hydrazinesidechain U 7. 5pp m

Aromatic protons u  B.8fpm
IR:

n (CH=N) 1595cm*

n (NH) 3207cm*

n (C=0) 1665cm*

n (C-S) 752cm’*
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Fig.15: Mass spectrum ofigand TMPCH




Fig.16:"H-NMR spectrum of ligand TMPCH
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5. (Thiophen-2ylmethene) pyrazine 2-carboxamide (TMPCA)

The masstH NMR and IR spectra of the ligand TMPCA are presented in Fig2018
From the analytical data, the molecular formulgHGN3;OS has been adjudjed which
agrees well with a product resulting from 1:1 densation between pyrazinamide
and thiophen&-carbaldehyde with the elimination @ water molecule. This is

supported by mas&4 NMR and IR spectral data.

The mass spectrum shows parent peak at m/z 216, which correspondthevith

molecular formula.

'H-NMR :

-CH proton of azomethine group

Aromatic protons u  B.9@m
IR:

n (C=N) 1607cm’*

n (pyrazine) 1174cm’

n (C=0) 1674cm’

n (C-S) 810cm™*
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B) Characterization of the complexes ofe(lll), Ru(lll), Co(ll), Ni(ll), Cu(ll),

Pd(Il), Zn(ll), Cd(Il) and Hg(ll) with

4-((2-hydroxybenzylidene)amino)benzenesulfonamide (HBABS)

4-((furan2-ylmethylene)amino)benzenesulfonamide (FMABS)

4-((thiophen2- ylmethylene)amino)benzenesulfonamide (TMABS)

The ligands: 4((2-hydroxybenzylidee)amino)benzenesulfonamide, (HBABS)
4-((furan2-ylmethylene)amino)benzenesulfonamide (FMABS)
and 4((thiophen2-ylmethylene)amino)benzenesulfonamide (TMABS)
are stable at room temperature and are-lmggroscopic. They are insoluble in water,

slightly soluble in methanol and acetone and fairly soluble in hot methanol and

dimethylformamide.

The Fe(lll), Ru(lll), Co(ll), Ni(ll), Cu(ll), Pd(ll), Zn(ll), Cd(ll) ad Hg(l)

complexes of HBABS, FMABS and TMABS are, as well, stable at room
temperature and are ndwygroscopic. Upon heating, the complexes decompose
without melting. The complexes are insoluble in water, very slightly soluble in hot

methanol and fairlgoluble in dimethylformamide and dimethylsulphoxide.

Elemental analysis:

The analytical data of the metal complexes of HBABS, FMA®B TMABS are

presented in Table 3.



The per cent values of the elements: the metal, carbon, hydrogen and nitrtigen in
complexes have been calculated as per the composition given in the table. It may be
seen from the table that the experimental values are in fair agreement with the

calculated ones. The complexes may, thus, be assigned the composition as given.
Conductance measurements:

The use of conductance measurements in organic solvents for the characterization of
metal complexes has been known for a long time. Several solvents such as acetone,
nitromethane, nitrobenzene,  methanol, tha@ol,  acetonitrile,  pyridine
dimethylformamide, dimethylsulphoxide, etc. have been tried for the purpose and a
solvent with high dielectric constant and low viscosity is usually preferred. The use
of a particular solvent for conductance measurements of a compound is also governed
by its solubility in that solvent. Donor effects of solvents on metal ions and

complexes are important, in addition.

The conductance measurements of metal complexes are usually madéMat 10
concentration. But the best method is to measure the conductamee a
concentration range governed by the solubility limit at one extreme and approach of
the experimental values to that of the pure solvent at the other. The molar

conductancel (y) is obtained by the following equation.

Specific conductance x Cell constant
Molar conductanCe =----------=-=-m-mmmmmm e x 1000
Concentration



Table-3:  Analytical data of the metal complexes of HBABS FMABS and

TMABS
- Percent
No. Complex .
Carbon Hydrogen Nitrogen
] 2 3] 4] o)
1 Fe (GsH1iN20sS) (ggig) (ggg) (gég)
5 RU (GiaH1:N20sS)s (23123) (gﬁég) (8;8%
3 Co (GisH11N203S) (gggg) (géi) (gzg)
4 Ni (C13H11N20sS) (28;23) (222) (ggg)
5 Cu (GsH11N20sS), (gggg) (2(132) (gzg)
6 Pd (GsH11N205S) (j?gg) (313% (g:gi?;»)
7 Zn (Cy3H11N20sS) (gggg) (g:g)) (gig)
8 Cd (GsH11N205sS)2 (2323) (ggi) (ggé)
9 Hg (Ci3H11N20sS) (ﬂg% (ggé) (322)
10 Fe (GiH10N205S).Cls (ggég) (ggi) (ggg)
11 Ru (G1H10N203S)Cls (2;1(3)22) é;é) (;gi)
12 Co (G1H10N203S)Cl, (ﬂé%) (ggg) (gil’é)
13 Ni(C11H10N203S)OAC). (jg:ig) (222471) (;:g%
14 Cu (Gi1H10N203S),Cl, (jggi) (gi% (ggg)
15 Pd (G1H10N203S)Cl> (ggég) (38471) (;g%
16 Zn (C11H10N20sS) OAC), (jggg) (gég) (;?8)
42.04 3.06 7.02

17 Cd(GuH1NoOsSYOAC) 4570y (358)  (7.66)




i) 2] 3] 4] 5]

33.76 2.22 6.92

18 HO(GuHNOSIC 3453 (061)  (7.26)
19 Fe (GiHiN20,5):Cls (gg;gg) é;SS) (2:82)
20 Ru (GuH10N20257)2 Cla (22:35) é:;g) (;:g%
21 Co (GuH10N:0:S,)Cl, (gg:gg) (2:8?1) (2:4212)
22 Ni(C11H10N20,S:)(0AC), (22132) (g:gg) (;:;CS))
23 Cu(GaHhN20:%).Cly (ggﬁ) é:gg) (g:ig)
24 Pd(GiHiN:0,)Cl (33133) (2:2?1) (ZZ;S)
25  Zn (Ci1H10N20,S;)(0AC), (jg:gg) (g:gg) (;gg)
26 Cd(CiiH10N20,S,)(0AC)2 (28:3(2)) (g:ig) (;:gi)

32.52 2.48 6.90

27 Hg (C11H10N20,$,)Cl, (32.86)  (2.51) (6.97)

Values in parentheses are the calculated ones for the composition given.



Literature survey indicates that dimethylformamide and nitrobenzene are the most
extensively used neaqueous solvents foonductance measurements. Sears and co
workers measured the conductance of a number of 1:1 electrolytes in
dimethylformamide at & over a range of concentrations. Quagliagi af.
determined the equivalent conductance of tetramethyl ammonium bromide in
dimethylformamide at Z& and at a concentration of 1.12 x°Dto be 84.4
Ohm*.cnf.mol*. Molar conductance values of the zinc perchlorate adduct were
measured at three different concentrations to find out the effect of concentration upon
the vale. It was observed that the conductance value decreased with increase in the

concentration.

Also, the molar conductances of 1:2 and 1:3 complexes were measured. It was
concluded that 1:1 complexes exhibit conductances in dimethylformamidé@t 25
downwads from 85, 1:2 complexes in the range -140 and 1:3 complexes in the
range 20260. Phillips and Tyréaeported molar conductances for>M solutions

of triphenylarsine oxides in nitrobenzene al@5 The values fall in the range-30

for 1:1 eletrolytes and in the range 4BD for 1:2 electrolytes. Molar conductance
values were also reported in dimethylsulpho%idad acetonitrile 1:1 electrolytes
exhibiting values in the range 3B in the former solvent and 1:2 electrolytes around

288 in thelatter.

Thus, it is clear that the molar conductance values in a particular solvent are different
for different electrolyte types and for the same electrolyte type, again, they are

different in different solvents. The expectegl ranges  (Ohth cnf. mol™) for



metal complexes of different electrolyte types af® bncentration in common

organic solvents were summarized by G&and are incorporated in Table

The molar conductance values observed for the present Fe(lll), Ru(lll), Co(ll), Ni(ll),
Cu(l), Pd(), zn(ll), Cd(ll) and Hg(ll) complexes of HBABS, FMABS and

TMABS in dimethylformamide at T¥M concentration are given in Tab®

From the data obtained, it may be said that all the metal complexes are non
electrolytes in DMF with the except of Fe(lll) and Ru(lll) complexes of FMABS

and TMABS which are 1:1 electrolytes.
Thermal studies:

Thermo gravimetric technique has been extensively employed for the study of metal
complexes with respect to stability, decomposition, composition andtsteu The

data obtained are useful to determine the extent of hydration, the stability of complex
at higher temperatures and to investigate the dependence of thermal stability on the

structure of metal complexes.

The thermal stability of metal complexeashbeen related to several factors such as
electron delocalization, size of the molecule, number and nature of rings formed,
electron density at the reactive cefitfe etc. Despite good amount of work reported,
considerable difficulty still exists in agning definite reasons for the increase or
decrease in thermal stability associated with metal complexes formed of different

ligands.



Table-4: Molar conductance (Ohni'. cn. mol™) data for different electrolyte

types in common organic solvents:

Electrolyte type

Solven

11 1:2 1:3 1:4

Nitromethane 7595 150180 220-260 290-330

Nitrobenzene 20-30 50-60 70-82 90-100
Acetone 100140 160-200 270 360
Acetonitrile 120160 220-300 340420 500
DMF 65-90 130170 200-240 300
Methanol 80-115 160220 290-350 450
Ethanol 3545 70-90 120 160




Table-5: Molar conductance (Ohni*. cn?. mol™) data for the metal complexes:

S.No. Metal complex conl\(/zllﬁlci;nce
(1) (2) (3)
1 [Fe (G3H11N20sS)) 12
2 [Ru (Ci3H11N203S)] 14
3 [Co (Ci3H11N203S) 5] 12
4 [Ni (C1aH11N205S)] 10
5 [Cu (Ci3H11N203S)] 13
6 [Pd (GisH11N203S)] 14
7 [Zn (C13H11N203S)] 12
8 [Cd (C13H11N205S) ] 11
9 [Hg (C13H11N205S)) 10
10 [Fe (GuH1N20:S).Cly] CI 66
11 [RU (CiH1N205S),ChICI 54
12 [CO (C1H10N>05S)Ch] 12
13 [Ni(C1iH10N205S) (OAC),] 14
14 [Cu (CuH1oN205S),Ch] 16
15 [Pd (CiH10N205S)Ch] 13
16 [Zn (CiH1oN205S)(OAC)] 16

17 [Cd (C11H10N203S)(OAC)2] 17




1) (2) 3)
18 [Hg (C11H10N203S) Ch] 18
19 [Fe (Ci1H10N20,S,)-Cl]Cl 47
20 [RuU (C11H10N20,S), Cl]Cl 54
21 [Co (C11H10N20,S;) Ch] 9
22 [Ni(C1H10N20:S;) (OAC),] 11
23 [Cu (C11H10N20,S,) Cl] 14
24 [Pd (Gi1H10N202S;) Cly] 12
25  [Zn (C11H10N205S;) (OAQ)] 13
26 [Cd(CiiH10N20:S2) (OAC)s] 12
27 [Hg (C11H10N205S;) Ch 10




The thermogravnetric  analysis of Ru(lll), Ni(ll), Cu(ll), Pd(ll), and Zn(ll)
complexes of TMABS has been studied. The thermograms of these complexes are

reproduced in Figs. 225 and their percent pyrolysis in Table 6.

A look at the thermograms of  the RujJlINi(ll), Cu(ll), Pd(ll), and Zn(ll)
complexes of TMABS indicates that they are stable to different temperatures. For
example Ru(lll) complex starts losing weight at 250, Ni(ll) compkx17Q Cu(ll)
complex at 200 Pd(Il) complex at 300 and Zn(IBomplex at 314C. All the five
complexes lose weighton heating almost in a continuous manner and the

decomposition of all of themis incomplete at the temperature studietC§700



Table i 6: Thermal behaviour of the metal complexes oTMABS

Complex Vggﬁ?&?}f Initial decompcgsition
taken (mg) temperature C)
Ru-TMABS 10.9030 250
Ni-TMABS 10.6560 170
Cu-TMABS 12.0370 200
PdTMABS 8.5150 300
Zn-TMABS 10.1530 314




Sample:Ru-TMABS DSC-TGA File: C:...\Desktop\ker vijay\Ru-TMABS.001

Size: 10.9030 mg Operator: KCR
Method: Ramp Run Date: 12-Sep-2012 18:18
Instrument: SDT Q600 V20.9 Build 20
249 467C 100
92.42% L
283.71°C 0l
— 80
55.52% =
6.054m
( 9) P
i =
il =
=2
342.99°C i %)
322.82°C 7\ 35.84% - 40
— 20
2 . - ' v . . 1 . v v T . v v 1 - . v 1 . . v " . : . 0
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Tem perature (°C) Universal V4 _.5A TA Instruments

Fig.21: Thermogram of Ru-TMABS



Sample: Ni-TMABS _ File: C:...\Desktop\ker vijay\Ni-TMABS.001
Size: 10.6560 mg DSC-TGA Operator: KCR
Method: Ramp Run Date: 13-Sep-2012 16:15
Instrument: SDT Q600 V20.9 Build 20
100
81.78°C i
83.35%  4gg57°C i
85.86%
L 80
285.01°C i
22.78% =
(2.428mg) -80 =
=l
i @
=
327.04°C
- 40
—_— —— — —_— 20
0 100 200 300 400 500 600 700

Temperature (°C)

Universal ¥4.5A TA Instruments

Fig.22: Thermogram of Ni-TMABS



Sample: Cu-TMABS DSC-TGA File: C:...\Desktop\kcr vijay\Cu-TMABS.001

Size: 12.0370 mg Operator: KCR
Method: Ramp Run Date: 13-Sep-2012 14:20
Instrument: SDT Q600 V20.9 Build 20
100
285.54°C - 80
35.38% L .
(4.259mg) =
— 60 e
£
D
| ©
=
311.54°C i
— 40
T Y ¥ T v T T T v v ¥ T ¥ v ¥ T v Y v T v % ¥ T T ¥ v 20
0 100 200 300 400 500 600 700
Temperature (°C) Universal V4 .5A TA Instruments

Fig.23: Thermogram of Cu-TMABS



Sample: Pd-TMABS
Size: 8.5150 mg
Method: Ramp

DSC-TGA

File: C:..\Desktop\kcr vijay'\Pd-TMABS.001
Operator: KCR
Run Date: 13-Sep-2012 12:11

Instrument: SDT Q600 V20.9 Build 20

100
301.38°C -
— 80
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(2.773mg) i
=
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@
325.40°C i =
— 60
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300 400
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Fig.24: Thermogram of Pd-TMABS



Fig.25: Thermogram of Zn-TMABS



