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S£hitr-bases derived from sulphafurazole sulphamethoxy· pyrldazioe and sulpha· 
phenazole and 2-hydroxy-5-methylacetophenone and 2-hydroxy-5-chloroacetophenone 
were synthesized. The complexes of the Schltr-base'l with Mn(II), Fe(II), Co(II), 
Ni(II) and Cu(II) were prepared and characterised by elemental analysis, magnetic 
moment, Infrared and electronic spectral studies. These studies suggest the square­
planar structure for Cu(II) complexes and tetrahedral structure for rest of the metal ions 
complexes. The stepwise stability constants ot Mn(II), Co(II), Ni(II), Cu(II) and 
Zn(II) were also calculated by Irving and Rossotti's method in 25% (v/v) dioxane­
water medium at an ionic strength 0.1M (NaCI04 ) and 27±0.2". The order of stability 
constant of these metal ions Is in agreement with the order given by Irving and William. 
Thermodynamic stabilization energy was also calculated by George McClure's method. 

THE Schiff-bases derived from sulpha-drugs and 
salicylaldehyde have been successfully used for 
the bacteriostatic and complexation1 - 8 • The survey 

of the literature reveals that no work has so far 
been done on the coordination behaviour of the 
Schiff-bases (A) formed from 5-methyl and 5-chloro 
substituted 2-hydroxy-acetophenone with sulpha­
furazole (HSFHMA, HSFHCA), sulphamethoxypyri­
dazine ( HSMHMA, HSMHCA) and sulpha-phena­
zole (HSPHMA, HSPHCA). The present work 
embodies the preparation and characterisation 
(elemental analysis, magnetic moment, ir and 
electronic spectra) of Mn(II), Fe(II), Co(ll), Ni(II) 
and Cu(II) complexes. The stepwise stability con­
stants were also calculated by Irving and Rossotti's7 

method in 25% (vjv) dioxane-water at an ionic 
strength O.lM (NaClO&) and 27 ±0.2·. 
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Experimental 

Materials: 

The sulpha drugs powder were precured from 
C1ba-Ge1gy of India Ltd., Bombay ; Roche Products 
Ltd., Bombay and Cyanamide India Ltd., Bulsar 
and were used without further purification. 2-
Hydroxy-5-methy !acetophenone and 2-hydroxy-5-
chloroacetophenone were synthesized by usual 
methods 8 • All other chemicals used were of AnalaR 
grade and double distilled solvents were used 
throughout the work. 

Measurements : 

Electronic absorption spectra of the complexes 
in methanol were measured on Beckman DU-2 
(manual) spectrophotometer. Infrared spectra were 
obtained from KBr pellets using Perkin-Elmer 337 
spectrophotometer. Magnetic measurements were 
carried out at room temperature (27°) in powder 
form by Gouy's method using Hg[Co(NCS).] as 
the calibrant. Systronic digital pH-meter type 
335 was employed for pH measurements (sensitivity 
0.01 unit) and calibrated for pH 4.05 and 9.18 using 
potassium hydrogen phthalate and borax buffer 
respectively. 

Synthesis of the Ligands : 

The Schiff-bases were synthesized by refluxing 
sulpha-drug and substituted 2-hydroxyacetophenone 
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in ethanol in 1 : l ratio in the presence of anhydrous 
sodium acetate and few drops of glacial acetic acid 
for 3-4 hrs. The reaction mixture was poured into 
water, the precipitate obtained, was crystallized 
from acetone. 

Isolation of the Complex : 

The complexes were synthesized by the following 
general method : 

To a solution of metal ton (0.02 mole) in water 
was added in appropriate Schiff-base (0.04 mole) 
in acetone and the solution was refiuxed ; precipi­
tate of the complex began to appear in solution. 
After refiuxing for 2-3 hrs, the precipitate was 
filtered and washed with 50"/o ethanol and then 
with diethyl ether and dried in a desiccator. These 
complexes are almost insoluble in water, ethanol, 
diethyl ether, n-hexane and carbon tetrachloride, 
but moderately soluble in N,N-dimethyl formamide, 
methanol, chloroform, acetone and benzene. Analy­
tical data are shown in Table 1. 

TABI.lt 1-ANALY'l'lCAL DA'l'A OF 'l'HJC LIGANDS AND 
'l'BJUll 1\IJlTAJ, CBJCLA'l'JCS 

Compound Found% Ca.lcula.ted% P.etr 
N Cl M N Cl l\I (B.M.) 

1 2 3 4 5 6 7 8 

HSFHl\IA 10.63 10.53 
Cu(SFH~IA)5 9.811 7.34 9.77 7.39 1.76 
Ni(SFHMA)~ 9.90 6.90 9.83 6.87 3.36 
Co(SFHl\-IA). 9.78 6.83 9.811 6.89 4.34 
Fe(SFHMA) 0 9.80 6.50 9.86 6.55 4.92 
Mn(SFHMA)o 9.80 6.28 9.87 6.45 5.50 

HSFHCA 10.14 8.56 - 10.01 8.46 
Cu(SFHCA)o 9.40 7.94 6.911 9.311 7.88 7.05 1.77 
NI(SFHCA) 2 9.21 8.00 6.63 9.38 7.93 6.55 3.40 
Co(SFHCA)~ 9.24 7.78 6.68 9.38 7.92 6.57 4.30 
Fe(SFHCAh 9.33 7.80 6.39 9.41 7.95 6.25 4.9-J 
Mn(SFHCA) 2 9.58 7.84 6.00 9.42 7.96 6.15 5.54 

HSMHMA 13.65 13.59 
Cu(SMH\IA),. 12.73 7.02 12.65 7.17 1.76 
Ni(SMH'4Al 2 12.80 6.60 111.72 6.66 3.33 
Co(S~1HMA) 2 12.58 6.83 12.71 6.6\:l 4.28 
Fe(SllH:.\fA)o 12.88 6.44 12.76 6.36 4.92 
Mn(S:\IHUA) 2 12.94 6.41 12.77 6.26 5.55 

HSMHCA 13.08 8.34 - 12.V5 8.21 
Cu(S:\'IHCA). 12.26 7.73 7.00 12.09 7.66 0.85 1.80 
Nt{SMHCA). 12.31 7.61 6.21 12.15 7.70 6.37 3.32 
Co(SMHCA), 12.02 7.84 6.26 12.15 7.70 6.39 4.36 
Fe{SMHCA) .. 12.08 7.88 6.24 12.19 7.'13 6.07 4.90 
Mn(S~{HCA}• 12.33 7.91 6.10 12.20 7.74 5.98 !'\.49 

HSPH:\IA 12.68 12.56 
Cu(SPHMA). 11.89 6.81 11.75 6.66 1.77 
Ni(SPHYA),. 11.'13 6.32 11.80 6.19 3.41 
Co(BPHMA) .. 11.92 6.00 1180 6.21 4.41 
Fe(SPHl\IA) 0 11.98 5.81 11.84 5.90 4.93 
Mn(SPH:\IA), 11.70 5.93 11.85 5.81 5.50 

HSPHCA 12.22 7.53 - 12.00 7.61 
Cu(SPHCA),. 11.11 7.00 6.49 11.96 7.14 6.38 1.'79 
Ni(SPHCA) 2 11.21 7.38 5.81 11.32 7.17 5.93 3.39 
Co{SPHCA),. 11.13 7.41 6.12 11.31 7.17 5.95 4.40 
Fe(SPHCA) 2 11.49 7.00 5.41 11.35 7.19 5.65 4.94 
:\ln(SPHCAJ. 11.53 7.10 5.4.0 11.36 7.20 5.57 5.56 
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Potentiometric Titrations : 

The stepwise stability constants were calculated 
by the Irving and Rossotti's method 7 • The following 
solutions were titrated against carbonate free O.OSM 
sodium hydroxide under nitrogen atmosphere. 

(A) : 
(B) : 

(C): 

2.0 ml HClO., (0.05M) 
(A)+ 10.0 ml Schiff-base (O.OlM) 

(B)+2.5 ml metal ion (0.008M) 

The total volume was kept 40.0 ml of the solu· 
tion keeping 25% (v/v) dioxane-water medium at 
ionic strength O.lM (NaCIO.,) and temperature 
27 ±0.2°. The correction in pH-meter reading in 
dioxane-water medium was also made as described 
in literature 11 •1lo· 

Resultl!l and Discussion 

For the calculation of stepwise stability constants 
it was assumed that factors like hydrolysis of metal 
ions and presence of polynuclear complexes were 
absent, because the following conditions were 
observed during the experimental work : 

(i) The solutions used in the titrations were 
very dilute, hence the probability of poly· 
nuclear species was not expected. 

(ii) The metal-ligand curves were much lower 
from the ligand curve at the pH value of 
hydrolysis of the metal ions. 

The ligands being monoprotonic, it neutraliz~s 
one equivalent of base to give one buffer region 10 
its titration curve. Values of formation functions 
iia (the average number of protons attached per 
ligand molecule), ii (the average number of ligand 
ions attached per metal ion) and pL ( free ligand 
exponent) were calculated using the Irving and 
Rossottt 's equations 7 • The protonation constant 
of the ligands (log K~) and stepwise stability con· 
stant of metal-ligand, log K 1 and log K 9 , were cal· 
culated using the half-integral method, least-square 
method and pointwise-calculation method. The 
values are in good agreement with each other and 
average values are reported in Table 2. 

It has been found that log K 1 >log K 11 in all the 
cases under study. This may be attributed to a 
larger steric hindrance offered by the Schiff-bases 
as compared with coordinated water molecule. 
The order of stability constant is found to ~e 
Cu(II)>Zn(II)>Ni(II)>Co(II)>Mn(II), which ts 
in agreement with Irving and Williams11 order of 
stability of bivalent metal complexes. The com· 
plexes of Cu(II) are found to be relatively more 
stable than those of Ni(II) and Zn(II). This migbtf 
be due to the difference in the configuration o 
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'l'ABLIC 2-PROTONA'riON CoNSTAN'r AND S'r"ICPWISE 8'rABILI'rY CONSTAN'rS OF SCHIFF-BASICS AND 'rHEIR 
MJC'rAI. CHICLA'rlCS IN 25%(v/v) DIOXANE, P=0.1M(NaC104 ) and 27±0.2" 

CONSTANT HSFHl>'I:A HSFHCA HSMHMA HSMHCA HSPHMA HSPHCA 
1 2 3 4 5 G 7 

H(I) 

log K~ 8.74 7.68 8.53 7.42 9.03 8.10 
-AG 12.02 10.56 11.73 10.20 12.41 11.14 

Cn(II) 

log K, 7.53 7.28 7.41 7.20 7.71 7.60 
log K~ 5.11 5.02 5.03 4.81 5.18 5.14 
log f1. 12.64 12.30 12.44 12.01 12.89 12.64 
-AG 17.38 16.91 17.10 16.51 17.72 17.38 
aH 2G.10 2G.02 26.12 26.19 26.10 26.19 

Zn(II) 

log K 1 7.41 7.22 
log K~ 5.07 4.93 
log fJs 12.48 12.15 
-AG 17.16 16.70 

log K, 7.28 7.00 
log K~ 4.f6 4.62 
log {1 0 11.94 11.62 
-AG 16.42 15.98 
oH :14.81 :14.59 

log K, G.55 6.41 
log K. 4.30 4.03 
log {J 2 10.85 10.44 
-An 14.92 14.35 
·~H 24.61\ 24.72 

log K, 5.42 5.24 
log K, 3.0! 2.93 
log fJs 8.46 8.17 
-An 11.63 11.23 

(AG a.ncl oH m K ca.l mole-•) 

Cu(II) complex from those of Ni(ll) and Zn(II). 
It is probable that the Cu(IT) forms square-planar 
complex using inner dsp 9 orbitals, while Ni(Il) and 
Zn(II) form tetrahedral or preferably octahedral 
complexes. 

The value of overall change in free energy 
(- ~G Kcal mole- 1 ) was calculated by usual 
expression. Thermodynamic stabilization energy 
("H Kcal mole-1 ) was calculated by George and 
McClure's method19 • The values are reported in 
Table 2, which are of the same order as for other 
nitrogen and oxygen donor ligands. The fact ~~ 
further supported by the slight shift to higher 
atomic number in the curve AHL (heat of comple­
xation) as compared to the AHH (heat of hydration 
of metal ions) against atomic number. A straight 
line joining Mn(II) and Zn(II) represents the situa­
tion in the absence of crystal field stabilization. 

The ir discussion is confined to important 
bands of the ligands and their complexes. The 

7.30 7.00 7.63 7}15 
5.02 4.54 5.15 5.00 

12.32 !1.54 12.78 12.35 
16.94 15.87 17.57 16.98 

Ni(II) 

7.12 7.02 7.40 7.22 
4.54 4.50 4.82 4.71 

11.66 11.52 12.22 11.93 
16.03 15.84 16.80 16.00 
34.69 34.85 34.66 34.80 

Co(II) 

6.41 0.24 0.71 G.53 
4.23 3.88 4.40 4.18 

10.64 10.12 11.11 10.71 
H.63 13.91 15.27 14.72 
24.68 24.69 24.fi9 1!4.83 

Mn(Il) 

5.\!3 5.14 5.50 5.22 
2.81 2.78 3.12 3.00 
8.04 7.92 8.62 8.22 

11.05 10.89 11.85 11.30 

broad bands at "'3350 cm- 1 and ,...., 2750 cm- 1 in the 
ligands are assigned to J•OH intramolecularly 
hydrogen bonded 19·u and these bands disappeared 
in the complexes indicating the M- 0 .bond forma· 
tion. The value of vC-0 band (ligands ~ 1265 
cm- 1 ) shift to higher region by "'60 cm- 1 in the 
complexes further support M- 0 bonding. A con­
siderable fall in the intensity and frequency in 
vC= N band (ligands -1650 cm-1 and complexes 
....... }625 cm- 1 ) mdicate the M-N bonding11·16 • In 
the ligands a strong band at "'3110 cm- 1 is assigned 
to S09 - NH- group. The bands at -1325 cm- 1 

(band I), ....... 1165 cm-1 (band II) and ,...,890 cm- 1 are 
assigned to S09 - N (band I and II) and S- N str. 
vibration respectivetyn. These bands remain 
almost on same place in the complexes and indicate 
that these groups are not taking part in bond forma· 
tion with the metal ions. The assignments between 
650-400 cm- 1 are difficult owing to the conjugation 
between the M- 0, 0- C and C- C bonds. The 
bands in the region 560-540 cm-1 and 520-500 cm-1 

may be attributed to vM- 0 and l'M- N respectively 
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which may also he coupled with the ligand 
bands111>ts 

Electronic spectra of the metal complexes were 
recorded and found that the complexes, of one 
metal ions with different Schiff-bases, show the 
almost same value of d- d transition, hence appro­
ximate values are shown here for different transi­
tions and ligand field parameters. 

The magnetic moment value of Cu(II) complexes 
is very close to spin-only value for one unpaired 
electron ( l. 73 B.M.) which indicate that the orbital 
contribution is almost quenched by the crystalline 
field. The electronic spectra of the complexes 
show only three bands .-.15000 cm-1 ( 11 Ba-+11 A, 8), 

-20000 cm-1 (11 B1-+ 11 E1 ) and -22000 cm-1 (charge 
transfer). Tetrahedral Cu(II) complexes are expec­
ted to give single broad band in the near ir region 
and no absorption between 10000 cm-1 and 200000 
cm-1 • The d- d bands for Cu(II) complexes for 
which a planar structure has been proposed 19- 111 to 
occur 10 the range 14000-l!:SOOO cm- 1 • Hence the 
above information are consistent with an essentially 
planar structure. 

The magnetic moment of rest of the metal com­
plexes (Table l) indicate the tetrahedral structure 5111 • 

The electronic spectra of the Ni(IJ) complexes show 
two bands at -8800 cm- 1 l 8 T 1 (F)-+ 8 A11 (F)], 
-17500 cm- 1 [ 3 r 1 (F)-+ 8 T 1 (P)] transition. The 
values of ligand field parameters 10 Dq, B and {J 
are calculated according to Figgis113 and found to 
be -4700 cm-1 , -950 cm-1 and -0.9 respectively. 
The electronic spectra of Co(Il) complexes show 
two bands at .-. 7300 cm-1 L• A9 (F)-+4 T 1 (F)J and 
-16000 cm- 1 l"A 9 (F)-+ 4 T 1 (P)). The values of 
10 Dq, Band {J are found -4000 cm-1 , .-.920 cm-1 

and 0.91 respectively. A broad band in the near 
ir region -4400 cm-1 is assigned to 5 E-+ 11T 9 

transition for Fe(II) complexes 94 • Two bands at 
....,zosoo cm-1 and ....,21500 cm-1 are observed for 
11 A1 -+"E(G) and 6 A1 -+"A 1 (G) respectively for 
Mn(II) complexes under study. 

Acknowledgement 

The authors express their gratitude to Prof. D. 
Banerjea, Sir Rashbehary Ghose Professor of Che­
mistry, Calcutta University, Calcutta for helpful 
discussions. The authors are also thankful to 
U. G. C. (India) for financial support to one of the 
authors (K. L.) and Ciba-Geigy of India Ltd., 

118 

Bombay, Roshe Products Ltd., Bombay and Cyana· 
mide India Ltd., Bulsar for supply of sulpha-drugs 
powder in pure state. 

References 

1. T. TSUKAMATO a.nd K. YUHI, Ohem . .Abs., 1958, 5l,l89~b. 

2. T. TSUKAMATO, Ohem . .Abs., 1961, SS, 6879f. 

3. R. R. GUPTA and R. KAUSBAI,, J. l'ndian Ohem. Soc., 
1976, 53, 552. 

4. P. JAIN and K. K. CHATURVltDI, J. Inorg. Nuclear Ohem., 
1977, 39, 901; 1976, 38, 799; J, lt1dian Ohem. Soc,,1975, 
52, 805, 1220. 

5. S. V. TATWADI, U. S. KA'l'IYAR and K. K. NARANG, 
Oun. Sci., 1979, 48, 38€. 

G. K, LAL, Acta Ohim. Acad. Sc\., Hung., 1979, 99, 281 ; J, 
Indian Ohem. Soc., 1979, 56, 749, 

7. H. IRVING and H. S. RoSSOT'fl, J. Ohem. Soc. 1953,3397; 
1954,2904. 

B. A. I. VOGKI,, "A Text Book of Practi·al Organic Chemistry", 
J.ongman Group Ltd., London, Third Edition, 1956. 

9. L. G. VAN UI'tll:RT and C. G 1-TA.'I.S, ./. Amer. Ohem. Soc., 
1953, 75, 451. 

· 10. K. LAL, Talanta, 1979, 26, 117 L , Ind1an J, Ohem., 1979, 
17A, 313. 

11. H. IRVING and R. J.P. Wu.I.IAMS, .J. Ohem. Soc., 1958, 
3192. 

12. P. GKORGK and D. S. McCx.URJt, "Progress in Inorganic 
Chemistry" (Ed. F. A. Cotton), Interscience, New York, 
1959, Vol. 1, p. 428. 

13. K. NA::tAMOTO. "Inf1ared Spe<·tra of Inorganic and Co­
ordination Compounds", Wiley, New York, 1963. 

14. T,, W. LANE and r_,. T. TA'II'I,OR, ./.Coord. Ohem., 1973,2, 
295. 

15. J. CSASZAR and h KISS, Actn OJnm. Acad. Sc1., Ilung., 
1973,78, 17. 

16. K. UKNO and A. E. MAR'tJti.I, .f. Phys. Ohem., 1955, 59, 
998; 1956, 60, 1270. 

17. J. BRANDlldUKI,J;ItR and :M. w .... HJ,, Spectroch~m. Acta, 
1967, 23A, 2466. 

18. B. HUTCHINSON, D. EVBRSDVK and 8, AJ,BRICHT, 
Spectroc1um. Acta, 1974, 30A, 1605. 

19. J. I'. FACKLER, F. A. CoTTON and D. W. BARNUM, 
Inorg. Ohem., 1963, 2, 97. 

20. L. SACCONI and M. CIAMPOI,INB, .J, Ohem. Soc., 1964,276. 

21. U. DORASWAMY and P. K. BHATTACHARYA, J. lnorg, 
Nuclear Ohem., 1976, 37, 1665. 

22. B. N. FIGGIS and J. f,Bwrs, "Progress in Inorganic 
Chemistry" {Ed. F. A. Cotton). lnterscience, New York, 
1964, Vol, 6. 

23. B. N. FIGGIS, "Introduction to TJigand Field", Wiley 
Eastern Ltd., New I:'elhi, 1966. 

24, P. DAY and C. K. JORGKNSON, J. Ohem. Soc., 1964,6226. 


