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Formation constants of Sehiff bases 
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&.dved on May 19, 1980 : 

&formation constants of the Schiff base between salicylaldehyde and aniline in water-methanol and 
aatgdioxan mixtures of varying composition have been determined spectrophotometrically. The 
[ d o n  constants were found to vary with the mole fraction of water in both the solvent media. 
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The formation constants of Schiff bases have been determined by kinetic methods1. 
Only a few direct methods such as distribution method by Green et alz were employed 
ro determine the formation constants at  equilibrium conditions. The present paper 
demibes the results obtained in the determination of formation constants of sali- 
cylidene aniline in aqueous methanol and aqueous dioxan mixtures hy a modified 
Job's continuous variation methodV. Dudek and Dudek5 reported that the Schiff 
bases formed between substituted anilines and o-hydroxy aldeh.ydes exist in two tauto- 
meric (keto- and enol-) forms in. solution and that the keto-en01 equilibrium is solvent 
dependent, the keto form increasing with increase in the polarity of the solvent. 
Abswption maxima for the en01 form and the keto form were reported by Dudek 
efol ( lot  cit.) at 340 and 430 nm, respectively. Preliminary studies by the present 
authors indicated that the keto-en01 equilibrium is not disturbed in the chosen solvent 
medium with change in concentration of the reactants. Absorption peak of the keto 
form is selected in the studies, since the absorption of the aldehyde or aniline or enol 

is negligible at  this wavelength. 

the chemicals used were of the BDH quality. Methanol, dioxan, aniline and sali- 
Wdehyde were purified by the standard methods reported in literaturea. 
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3 .  Procedure 

separate solutions of aniline and sdicylaldehyde (each 0.005 M) were prepared in 
100% rnethaIol. 10 rnl mixture of the two solutions in diiferent ratios wcreprepa~ed, 
the absorbance of each of these solutions was measured at 430 111n after equilibrating 
the m i ~ u r e  for 3 b . ~  in a thermos?a! (at 303 z t  0.1" I<) and plotted as a rnnction of 
mole ratio. This experiment was repeated with 80 and 60% aqueous methanol and 
60, 50, 40 30% dioxan. A similar expeiimenl was reoeated in 40%  neth ha no] 
using 0.0025 M aniline and salicybldehydc solutions. The results are presented in 

Fig. 1. 

4. Results and discussion 

The ahsorption syectra of salicylaldchyde (0.0025 M) in methanol and 5 ml of aniline 
(0.005 hQ + 5 rnl of salicylaldehyde (0.005 M) in solution containing 100%, 80;( and 
60% of methanol by volume and 5 ml of 0.0025 M aniline + 5 ml of 04025 M sali. 
cylaldehyde in 40% methanol are presented in Fig. 2. 'The thsorlxion curves for tb 
stoichiometric (I : 1) mixture of the two (each 5 ml of 0.005 M) in aqueous dioxan 

FIG. 1. Continuous variation am^^ 
for aniline-salicylaldehyde system in 

I ditferent compositions of m b i -  
water and Ater-dioxan mixhub: 
4- loo"/. Methanol: 4 8 0 %  
Methanol; - 0- 60 % Metbanok 
--1- 40 % Methanol; -A- 60% 
Dioxan ; -x- 50% D~oxan; 
-8- 40 Dioxan ; -A- 30% 

Mole Ratio ot Anillne 
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W a v e l e n g t h  ( n m )  

Fro. 2. Absorption curves for salic~laldehyde in methanol and for salicylidene anilinefod in 
diferent compositions of methanol-water mixtures : --0- Salicylaldehyde ; -&- Salicylidene 
aniline in 100% methanol; -13- Sdic~lidene aniline in 80% methanol ; -0- Salicylidene 
aniline in 60% methanol ; -A- Salicylidenc aniline in 40% methanol. 

containing 60, 50, 40 and 30% of dioxan by volume arepresented.in Fig. 3: As there 
%as little absorption for aniline, the optical absorption Currve is not presented along 
aith the above curves. It is clear from the ab'sorption cwves presented that there is 
w medium effect on the absorption maxima. , . ,  . 

. . . . .  

The absorption curves presented in Fig. 1 showed that one mole of the' S c m  Lime 
&ylidene aniline is formed from one mole of each of the' r&+ints. The '&SOP 

W values obtained in ihe Job's method showed deviation from those obtained, 
in the'presence of excess of t h i  second component (Fig. '4). This is attributed'ta thi: 
low stability of tfie Schiff base iri the absence of large excess's? one of the carnpolien?~. 
Ifmethe absorbance, A,, is determined by the procedure suggested by AI-~ilaind 2t  id6. 
B this procedure, one of the components (aniline or salicylaldehyde) is taken in a quan- 
titywhich is the same as 'that.present in the Job's method and $he other in large m m s .  
it is observed that.:a constant abwibance d u e  is obtained if the second component is 
iB 50 fold excess. 



FIG. 3. Absorption cwes for salicylidene aniline formed in different compositions of dioxan.wa& 
mixtures: --I-- Salicylidene aniline in M)% dioxan ; -U- Salicylidene aniline m 50% 
dioxan; -0-Salicylidene anilinr: in 40% dioxan ; -4- Salicyiidene aniline in 30% dioxan. 

Further az any concentration of the component (not present in excess) the A, valuer 
increased with increase of polarity of the solvent. This according to Dudek et a4 
([DC. cit.) is due to the increase of the keto form. In any solvent mixture the A, value 
is obtained graphically from the absorbances measured on the solutions containing 
1 to 5 ml of0.005 M aniline or aldehyde and su&ient excess of the second component. 
The absorbance corresponding to the point of intersection of the linear plots (m 
ohtamed with the aniline and the other with the aldehyde) is taken as the value of A, 
(Fig 4). The graphical method adopted for the evaluation of A, showed that Beds 
law is applicable to syslems under investigation. Since in 40% aqueous methanol a pmi. 
pitate is observed, the studies were made with 0.0025 M solutions of aniline or 
aldehyde. 

The formation constants (k;) were obtained from the dissociation constant (Kt) 
csioulated hy Vosburgh and Cooper's7 method using the equation 
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1 Re. 4. Plot of absorbance vs 

Moh Rotlo of Anlline .,* 

/-?A \ 
Formation c ~ ~ t ~ n t s  of salicylidene aniline in different compositions of aqueous m~thPn01 
nd aqueous diem at 303.151 

concentration of: (A) ~ldehyds in 
Presence of excess COncCnrration of 
aniline; @) Aniline in presence of 
excess concentration of aldehyde in 
60 % dioxan; and (0 Continuous 
variation w e  for -1- 
aldehyde system in the same sol- 
vent mixture. 

Sdvsnt rnixbua Mole fraction A, A, Log Kj 
X by volume of water 

0.2 0.4 0 6  0.8 1.0 

where 

a = (A, - A3/A,. 
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absorbances were found not to vary by more than 0.01 atthe stoichiorneirir: compcr 

sition$. This leads to  an uncertainty of -1- 5-10% in the colnputed valves of the for. 
rnation constants. The resx~lts presented in Table 1 show that formation of .he sc%y 
hase decreases linearly with increase in the ln0k fraction of water. F o r t h   log^ 
val,ies at any prticular mole fraction of water are almost equal (within the eQerimentai 

in the solvents studied. This suggests thatthe formatiou is dependent only on 
the mole fraction of water rather than on the nature of the solvent. 

5. Acknowledgements 

Ksp m d  PVK thank the Council of Ssientilic and lnd~r.stria1 Researcb., Ncw~elhi, foi 

the award- of ~unior Research Fellowsb.ips. The authors thank Prof. S. Br&maj; 
Raa for his valuahle advice in the pieperation of the mdnwcripi and the 2,ut30stilr 
of the SVU ~utoiom0v.s Pdst-Graduate Centre, Anantapur, forprovidingthe facilities, 

References 

The chemistry of carbon-nitrogen dorcble bond, Intersdm 
Publishers, London, 1970, Ch. 10, pp. 466-484. 

2. GREE~,  R. W., ALWANDER. AusI. J. Chem , 1973, 26, 1653. 
P. W. AND SL0X, K. J. 

3. JOB, P. Ann. Chim. Phys., 1928, 9, 113. 

4. Ar;Drwhn, S. K. AND J. Indian Chem. Suc., 1977, 54, 678. 
Azzouz, A. S. 

5. DUD=, G. 0. AND J. Am. Chem. Soc., 1966, 88, 2407. 
DUDBK, E. P. 

A text bdok of pmctidal ovyanic chemi,my, ELBS and Longoslr 
Group Ltd.,, 1973, yp. ,169, 177 aud 704. 

7. VQPBURGH, W. c. AND Am. ~ h e k .  Soc., 1941, 63, 427. 
Cmpm, R. F. 


