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ABSTRACT

The diazotization coupling reactions were carried out by reactions of
salicylidene aniline (SA) and salicylidene-4-aminoaniline (S-P-AA) with
diazotized sulphanilic acid at optimal conditions. At pH 9, areverse cali-
bration curvesfrom theortical and practical point of view for theseimines
were observed at 30 and 15 minutes respectively from the beginning of
reactions. These were due to the side reactions or tautomerism of dye
under basic medium. The tautomerism reaction order was found to be of
pseudo first order with respect to imines, the last were supported by
thermodynamic method, which showed that the tautomerism reactions
were spontaneous (AG® = -) or nonspontaneous (AG° = +), endothermic
(AH°® = +) and were accompanied by anincrease of entropy (AS°=+). The
average recoveriesfor the determination of trace amountswere 99.3% and
100.38% for S-P-AA and SA respectively and precision (RSD) was less
than 6.3%. The kinetic method wasfound simple and fast during determi-

KEYWORDS

Salicylidene aniling;
Salicylidene-p-aminoaniline;
Tautomerism;
Kinetic;
Thermodynamic;
Tautomers.

nation of imines under study.

INTRODUCTION

During thelast years, aconsiderableimportance
had been paid to the spectroscopica studiesof imines
by UV122 |RE4 and mass® spectra, beside other ki-
netic® and thermodynamic™ studies.

Azzouz®W et d. had given aspecid attentiontothe
thermodynamic of tautomerism of deoxy benzoin® with
some rel ated compounds, phenolic Schiff base® and
some aromatic mono and bi Schiff bases?. Inthese
studiesthe enthal pies and entropies changes (AH and
AS) had anegativesigns. Converedly, inimines de-
rived from 2-hydroxyl-1-napthylal dehyde AH values
were possessed apositive sign, whereas AS signsre-
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main asstated before. Thesignsof AG parameter were
varied from positiveor negativeva uesdependingonthe
vaueof equilibrium congtant for tautomerismreaction.
During thelast few years ago, someworkers had
applied thekinetic method for thequantitative determi-
nation of aromatic amines'?3, freevanadium® (1V)
and (V), Hg — phenylacetate!™,copper(11)1¢ and 2-
methyl-1,4-napthoquinone™”. Most of these determi-
nations as found to be applied to micro gram or nano
gram amounts of substance, sensitiveand rapid.
Inthelast years, someworkers had used thedia-
zoti zation reaction for quantitative determinationsof 4-
amino antipyring®®, anilind*® and 1-napthylaming®.
When this reaction was applied to imines such as
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Schemel: Mechanism for enol —keto tautomerism of dye S-
P-AA

sdicylidene-p-aminoaniline(S-P-AA) and dicylidene
aniline(SA), theresults collected were unencouraging.
Thisariseour curiosity to increaseexperimentationin
thedirection of kinetic.

Thestudy explained themain reasonfor thefailure
determination of iminesunder study by the usual spec-
trophotometric method.

Findly aconfirmation of thekinetic study wasper-
formed by thermo dynamic study. All thermodynamic
parameters collected AG°, AH® and AS® for enol S
keto tautomerism of dyeswere discussed.

EXPERIMENTAL

Reagentsand chemicals

All chemical were supplied form Flukaor BDH
companies. They were used as supplied.

S-P-AA and SA imineswere synthesi sed by stan-
dard method® They had amdting pointsof 217-220°C
and 50-52°C respectively.

The 15x103 diazotized sulphanilicacid (DSA) was
prepared by standard method?d. This was accom-
plished by mixing 0.25959 of sulphanilicacid, 50ml of
distilled water. Add 2ml of 11.8M hydrochloric acid.
Themixturewascooledinarange 0-5°C, followed by
addition of 0.1035g NaNO,. Mixingand dilution of the
mixture to 100 ml. DSA should be stored in adark
bottle and can be used after 1 hour from preparation. A
minium 7 stability dayswere reported® for DSA.

A 4.0x10°*M S-P-AA and SA solutionswere pre-
pared by dissolving 0.01g of iminesin 5-10 ml of abso-
|ute ethanol. Themixturewasdiluted to 100 ml by the
samealcohoal.
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TABLE 1: Optimal conditionsfor dyesformation

inm  Temp.

No. S-P-AA dye B Te
y enol keto °C

3ml. IM NaOH + 3 ml. 0.015M DSA + 1
! ml. 0.0004M S-P-AA 398 530 40

Anm
SA dye - Timp.
enol enol c
5 1 ml. 0.0005M SA + 4 ml. 0.01M DSA + 3825528 40

1.5ml.1M NaOH

TABLE 2: % Recovery and (RSD) for iminesdyes

Amount Amount Average

Imines  added found Rec(c(;/sry* recovery R(OZD)*
(mi)/(pg) (M) pg) (%)
1.6 1.56 97.50 5.00
Sp-A-A 3.2 3.28 102.50 99.33 0.3
5 4.90 98.00 6.25
24 2.29 95.42 0.35
SA 3.2 3.37 10531  100.38 1.20
4.8 4.82 100.41 1.73
* Average of four determinations
Kinetic study

The dyesformation at optimal conditionswas ac-
complished according to thefoll owing procedure per
25ml asinTABLE 1.

Thekinetic of decay dyeswerefollowed by mea-
suring absorbances of enol at timeindicated | ater.

The temperature controlled during kinetic was
achieved by immersingthesilicacedlsinasmall besker
containing water taken from thermostat at 40°C. The
beaker assembly was hold with clamp and wholly im-
mersed in water bath, near the spectrophotometer.
Absorptionsfor enol form of dyeswere collected at
wavelength cited above, during aperiode of about 2
hours.

Thermodynamic study

Thetemperature controlled during this study was
accomplished by usingasimilar procedurestated inki-
netic study. Absorbances of keto and enol forms of
anydye were collected at wavelengths cited above.
Equilibrium constantsK for tautomerised dyeswere
collected at temperature range of 313-328° K.

I nstrumentation

All absorption measurementswere madeonacom-
puterized double beam Schimadzu UV 1650 pc. A
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TABLE 3: Sigma congtantsfor NH, and OH groups

Functional Sigmaat para Sigma at meta
groups position o, Position o,
NH,. 0.66- 0.16-
OH- 0.37- 0.121+

matched silicacells of dimensions 1x1x3 cm?® were
used.

Thetemperaturewas controlled during thisstudy,
by using awater bath BS-1 L ab.

Electrotherma mdting point apparatuswasused in
measurement of melting pointsof Schiff bases.

RESULTSAND DISCUSSION

The UV absorption spectraof dyesformation were
showninfigure 1. Following theabsorbanceswithtime
for thedyeformed fromimines S-P-AA, showed the
appearance of two bands at wavel engths 398nm and
530nm. Theabsorbance of thefirst band wasincressed
up to 30minuts, then started to decay thereafter. The
absorbancesof thesecond band increased withincress-
ingtimetel equilibriumwasattaned asinfigure 1. Simi-
larly, SA dye showed two bandsat 382.5nm and 528nm
with smilar result asabove, or inadirection of increas-
ing absorbance with thefirst band up to 15 minutes,
then adecay was happened suddenly, whileasimulta-
neousincreased of absorbances of the second band as
infigure 1.

Actually the decay of absorbance seen above or
the sidereactions occurred during dyeformation of S-
P-AA and SA were started at timesmorethan 30 min-
utesand 15 minutesrespectively. Upon measuring the
pH of themediaof dyesformationsat optimal condi-
tions showed valuesof 12.1 and 10.2 minutesfor imi-
nes S-P-AA and SA respectively. At such strong basic
media, thefollowing side reactionswere expected:-

Thezwitterionformation

Asknown zwitter formation'?! was happened to o,
mand p-amino phenols. Typicd examplewasthezwitter
ion happened in p—aminophenol as in the reversible
reaction 1.

Thisreaction had asimilar structureto S-P-AA or
anear closed structureto SA. Theexpected zwitterion
formation in SA resulted to theformation of phenox-
ide-nitrilium®ion.

Thezwitter ionformationiniminesS-P-AA and

= Pyl Paper

OH o

NH, N: Hs*

Reaction 1: Zwitter ion formation

SA were examined by measuring and comparing the
UV absorption spectraof imines stated, before and &f-
ter addition of successive amountsof NaOH asshown
infigure2.

Thelast spectra showed the appearance of bands
at longer and shorter wavel engths as compared with
original spectrum. Thelonger wavel ength absorption
for imine S-P-AA dye after addition of abasewasin
contradiction to zwitter ion formation, but the shorter
wavel ength agreed®. Also theworkers heredid not
expect theformation of zwitter ionsin dyes S-P-AA
and SA, duetothesimilarity intheir structures. There-

fore, theideaof zwitter ion in dyesstated above was
no longer to be considered.

Enol - ketotautomerism

Morethan tautomers can be expected for thedyes.
The dyes mentioned before contain aphenolic group.
Asknowninliterature? by 1,3 shift rule the conver-
sion of phenolic group toits more stably keto form un-
der basic condition. Thiswasin our expection, or the
enol formsof dyeswere converted to their keto forms
according tothefollowing equation.

Thiswasin full agreement with tautomerism?’ re-
actions happened in o- hydroxybenzlideneanilineand
o- hydroxynapthylidene aniline. Theketo tautomersin
dyeswerehighly confirmedinthisstudy by their longer
wavel enghth absorptiong'? as compared with enol
asinfigure 1 and with keto tautomersof o-hydroxy-1-
napthylal dehyde™" and hydroxy benzylidene 2-amino
propane’?®,

Henceit could be concluded that formation of keto
tautomersindyes S-P-AA and SA, represent, themain
sdereactionsoccurred at basic medium.Thisresulted
inobta ningareversecdibration curveduring quatitetive
study of S-P-AA and SA.

Kinetic study

This study was started by comparing the molar
concentrations of dye reactants at optimal condition

Hn Tndéan g%wumé
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TABLE 4: Thermodynamic of tautomerismfor (a) S-P-AA and (b) SA dyes
(@)
1 AG° AH° AS°
T (K) T/1 (K) ADbS. Azgs. Abs. Aszg K LnK J.mol.'l J.mol'l. J.mol'l.deg.'l
313 0.00319 0.453 0.800 1.81 0.59 -1535.3 123374.2 399.1
318 0.00314 0.406 0.814 6.36 1.85 -4891.1 128676.3 420.0
323 0.00309 0.360 0.827 7.31 1.99 -5344.0 131075.4 422.4
328 0.00304 0.149 0.895 19.08 2.95 -8044.6 135722.4 438.2
(b)
1 AG° AH®° AP
T (K) T/1(K) ADbS. Azgg Abs. Aszg K Ln K I mol I molt J.mol'l.deg.'l
313 0.00319 0.291 0.198 0.53 -0.63 1639.4 98652.5 309.9
318 0.00314 0.204 0.221 0.84 -0.17 4495 99012.5 309.9
323 0.00309 0.153 0.345 1.76 0.56 -1503.8 98608.6 309.9
328 0.00304 0 0.346 0 0 - - -
0,200 T T T T T T 0.581
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Figurel: TheUV absorptionsof dyesat different timesfor: (a) S-P-AA, (b) SA

during quantitative determination seen above. Thisin-
cluded thefollowing find concentrations:

0.000016M, 0.0018M and 0.08M were concen-
trations of S-P-AA, DSA and NaOH respectively.
Upondivison of dl last numbersby thelowest concen-
tration of S-P-AA, hencetherelative concentrations
terms had values of 1:113 and 5000 in order of S-P-
AA, DSA and NaOH respectively. Theserdative num-
bers confirm the presence of excess concentrations of
DSA and NaOH during quantitative study at optimal
conditions. Therefore, asatheoretica expectation, the
kinetic of tautomerism reactions stated before could
have any numbersasapseudofirst order with respect

to S-P-AA. Similarly, the dyeformed from reaction of
SA with DSA and NaOH at optimal conditions had
rel ative concentrationsvalues of 1:80:3000 in order of
SA, DSA and NaOH respectivey. Thisa so might show
asimilar order asbefore.

Order of tautomerism of dyesreaction

In order to evaluatethe order of dyereactionwith
respect to S-P-AA, experimentally, three concentra-
tionsof S-P-AA werechosen at optimal conditions of
dyeformation. A kinetic spectrophotometric method
wasused in thisrespect, dueto direct relationship be-
tween absorbance and concentration, according to Beer
—Lambert low.

Physical CHEMISTRY — commmm
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Thedyereactionincudedfirstly aformation of dyes
up to 30 and 15 minutes in imines S-P-AA and SA

respectively. A secondly decay reaction was occurred
over thetimes stated.

Kineticfor the decay of enol dyes

Thisstudy was started when enol formsof dyesS-
P-AA and SA, began to decay at times stated before.
Thisresulted to agradual conversion of enol form of
dyetoitsketoformat basic mediumasinfigure 1.

Experimentaly, the absorbances of dyeswerefol-
lowed with time stated above at wavelengths 398nm
and 382.5nm with respect to imines S-P-AA and SA
respectively. A pseudo first order kinetic equation was
applied to the decay dataof theform:

Ao
|n7=klt (1)

A = maximum absorbances of dyesat times 30 and
15 minutesof imines. S-P-AA and SA respectively. A
=Absorbance of dyeover 30 and 15 minutesinimines
S-P-AA and SA. k = Rate constant for the decay dye.
t=Timeinminutes,

Figure 3 and 4 showed the kinetic plot of tautom-
erism reactions of dyesS-P-AA and SA at 40°C and
for three and two concentrations of imines. Figure 3
showed three straight lines of R? rangevalues 0.959-
0.9726 of concentrations 7.5x10°M, 8.86x10°M and
28.3x10°M of imines S-P-AA with equa dopesof a
value0.003min’, which represent the rate constant for
thedecay of dye. These plotsmean that thedecay data
agreed well with first order reaction and did not de-

Absorbance

T

\%(/

\ a
0.000 ! i
28000

| /*\
\

390 .00 500,00

Wavelength (nm)

Figure2: Absorption spectraof S-P-AA before(a) and after
(b) addition of alkali

pend of concentrationsof S-P-AA. Thiswasanindi-
vidual casefor pseudo first order kinetic.

Alsofigure4 showedtwo linesof R?rangevalue
(0.927-0.981) for kinetic plot for concentrations
7.5x10°M and 22.64x10“M for SA dye with equal
dopesor with arateconstant va ueof 0.003min?. These
observations added other support that rate constants
of decay for S-P-AA and SA dyeswereequal.

Application of kinetic

Thedecay kinetic had been applied successfully for
thedetermination of S-P-AA and SA. Accordingly three
concentrationsof S-P-AA and SA werechosen, there-
ault asindicated in TABLE 2 areaccurate, recovery %
99.3%for S-P-AA and 100.38%for SA and RSD val-
ueslessthan 6.3%for S-P-AA and lessthan 1.8%for
SA. Uponusingapseudofirg order inthedetermination
of SP-AA and SA, therate constant was substituted by
0.003min for S-P-AA and SA, t was given after 30
minutesof S-P-AA and after 15 minutesfor SA. The
remai ning absorbance (a-x) from equation (1) wascal-
culated experimentdly for eechimine. Findly, theinitia
absorbance (a) wascd culated for eachiminefrom equa
tion (1) andtheir initid concentrationwerefound from
cdibration curve prepared inthisstudy.
Thestructureof dyes

Diazotization coupling reaction was happened

Hn Tndéan g%wumé
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Figure3: First order kinetic plot for tautomerismreaction
of dyeS-P-AA at 40°C
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Figure4: First order kineticplot for tautomerismreaction
of dyeSA at 40°C
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Figure5: vant Hoff plotsfor tautomerism of dyesfrom (a) S-P-AA and (b) SA

through thefollowing steps:

1) Conversgonof sulphanilicacidtodiazosulphanilicacid

2) Couplingthediazotized sulphanilicacidwithimines
S-P-AA and SA

3) Thedyereactionwas happened through donor—ac-
ceptor mechanismi??, In other words S-P-AA and
SA weredonorswhilethediazo sulphanilicacid re-
garded as acceptor asin literature?, the worker
had noticed that azo group entered the donor mol-
eculeat ortho or parapositionswith respect NH, or
OH groups

4) Examinationof structureS-P-AA, showedthe pres-
ence of both and OH and NH,, groups, in order to
confirmtheproper position of enteringtheazo group
inS-P-AA, thisled tointroducethe s gmaconstants
taken from Hammett equation(30) asinTABLE 3

Thenegetivesignsof sigmaconstantsop for NH,
OH and om for NH, mean that these groupswereelec-

tron donor. Their presence increased the el ectron den-
sity onaromatic ring. Conversaly, the positive sign of
om for OH means that such group was an electron ac-
ceptor. Thiswouldincreasethe positivesignson aro-
matic ring of imine. Therefore, unstable dye was ex-
pected to form by el ectro static ruplusion betweenthe
positiveazo group PhN,, and the position of entering at
S-P-AA and SA. Upon comparison of op for OH and
NH.,, the ones which posses the more negative sign
werefavored in entering the azo group. Therefore, op
for NH, wasfavored oneasin TABLE 3. Theop po-
sition with respect to NH,, group in S-P-AA wasbusy
by chemical bonding. Henceop for OH was thefina
most proper position of entering the azo group isS-P-
AA asshowninthefollowing equation.

SA contains one phenolic group, so therewas a
favored position of entering theazo group at paraposi-
tion with respect to such group. Thelast was experi-
mentally proved by observing the samerate constant

Physical CHEMISTRY oo
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valueof 0.003 min' for kinetic decay of S-P-AA and
SA asshown previoudy inthiswork.

Thermodynamic of tautomerism of dyes

The cd culated thermodynamic parametersfor con-
version of dyesmentioned from enol formtoketoform
had been performed by measurements of equilibrium
constant for thereversed reaction seeninfigure 1. As
stated previoudy, theenol form of dyeformed from S-
P-AA after 30 minutesbegan to decay or converted to
ketoformof dye. Smilarly, theenol form of dyeformed
from SA was converted to itsketo tautomer after 15
minutes. Theseketo formsof dyeswere confirmed by
their longer wavel engths of absorptionl131 when
compared tother enol forms.

Theequilibrium congtantsfor tautomerismreactions
of dyeswereeva uated by Hartman? and from absor-
banceratiosof keto dyeand enol dyewith absorption
coefficientsof enol o, andketo o, using equation (2):

A o Oty

A0, @
Plotof A_ , versusA, . showed astraight lines of
o,/ a,valuesof 3.18 withR?=0.999 and 0.78 of R*=
0.800for dyes S-P-AA and SA respectively.

Heats of tautomerism reaction of dyeswereevau-
ated from theintegrated vant Hoff equation (3) of the
form:-

Plot of InK versustheinverseof absolutetempera-
ture showed straight lines of negative dopeswith R?
rangevaues0.925-0.982 asin figure 5. Freeenergy
changes AG® for tautomerism were cal culated from
Gibbsfreeenergy and from equation (4) of theform:

Thechangesof entropy for tautomerismwere esti-
mated from equation (5).

The thermodynamic data collected for tautomer-
ism of dyes were seenin TABLE 4. Values of AG°
weredependingontheequilibrium constant. Their sgns
werevaried from either positivevaueat equilibrium
constant va uelessthan unity to negativeva uesat equi-
librium congtant val ues morethan unity. These positive
or negative AG® signswere explained by non-sponta-
neous to spontaneous reaction respectively. The heats
of reactions AH® for dyeshad positivevalues. These
mean that tautomerism of dyeswere occurredin en-
dothermic processed.

AS° valuesfor tautomerism of dyeshad apositive

K=

==  Pyl] Peper

signs. Thesemean that tautomerism reactionsweredi-
rected toward amore entropy and agreed with other
study™ and literature®,

CONCLUSIONS

1 Thebeginningof diazotization coupling reactionsbe-
tween S-P-AA or SA with diazotized sulphanilicac-
ceptor led to theformation of enol tautomer of dyes.

2 After 30and 15 minutesfrom adiazotizationsreac-
tionin S-P-AA and SA respectively, aspontaneous
conversion of enol form of dyetoitsketoformas
caled sdereaction a basic medium.

3 Theenol S keto tautomerism of dyesresulted to
thefail ure quantitative determination of imines S-P-
AA and SA by the usual spectrophotometric
method.

4 Ketotautomerism of dyesin S-P-AA and SA, ab-
sorb*3Y |ight at |longer wavelength when compared
compared with enol tautomer.

5 Thekineticsfor tautomerism of dyesat optima con-
dition was found to be of pseudo first order with
respect toimines.

6 Rateconstantsof tautomerismof S-P-AA and SA
had equd valuesof 0.003 mint. In other word, the
aldehyde part of imineswas effectivein tautomer-
iIsmreaction.

7 A successful kinetic method was observed during
guantitative determination of S-P-AA and SA
imines. Themethod asfound smpleand fast.

8 Thermodynamic parametersestimated, namdy, AG°,
AH° and AS° supported thetautomerism of dyes.
The process of tautomerismfor S-P-AA dyewas
spontaneous (AG® =-) at dl temperatures studied.
A similar result was obtained for SA dyeat 323K
and converted to non spontaneous at arange of tem-
perature between 313-318° K. Tautomerism reac-
tionsof S-P-AA and SA dyeswere accompanied
by anincrease of entropy.
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