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ABSTRACT

The second order reaction rate constant for the reaction of salicyal dehyde with p-methyl aniline have been reported
in ethanol at temperature range 303 to 318 k .The rate of reaction is first order with respect to salicyal dehyde and
p-methyl aniline. The rate of reaction increases with increases in temperature. The thermodynamic parameters are
used to explain the nature of reaction. Suitable reaction mechanism has been suggested for the formation of the
Schiff base. From the effect of temperature on the rate of reaction various thermodynamic parameter have been
evaluated.
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INTRODUCTION

The Schiff bases are condensations products ofeamirith active carbonyl compounds. The Schiff basesalso
called as imines [1], anilines and azomethineseyTtontain azomethines (> C=N-) group and henceacés as
effective ligands. The kinetic studies of Schifebgormation as well as other carbonyl additiorctiea have been
interested chemists for some time. The imines ddrfvom anilines and its derivative with aromatigednydes have
a wide variety of applications in biological [2, ahd analytical [4] chemistry. Schiff bases are vnao be
neoplasm inhibitors [5, 6], antiviral [7], anticangants [8], antimicrobial [9], anticancer [10],apt growth
regulator [11] and antituburecular [12], agentse Fludy of kinetics of formation and hydrolysisSuhiff bases has
received a considerable attention due to its relegdo the transformation (conversion) of >C=0 t6=N and vice
versa in biochemical processes[13-17].Schiff bdsewation involves a two step reaction between caghonyl
compound and the amino compound. First, additikieggplace to form a carbinolamine which then undesg
dehydration [18]. Both step are reversible andexttip general acid — base catalyst [19].

Literature survey reveals that there is enormouswtir of the study of metal complexes of Schiff lsas€he
catalytic effect of hydrogen, hydroxyl and metatsoon the formation and hydrolysis of imines hagerbstudied
by several workers [16, 17, 20-23]. In the pressotk we reported here kinetic study and mechani$rthe
formation of Schiff base, N-Salicylidene- p-methyilane in ethanol medium spectrophotometrically.

MATERIALS AND METHODS
Schiff base were prepared by refluxing equimolaxtare of purified salicyaldehyde and p-methyl arglin ethanol

medium for about three hours. The resulting mixtues cooled and filtered to obtain solid Schiffdathe Schiff
base obtained was recrystallised from ethanol.phigy was checked by melting point (8§ and TLC.
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Kinetic measurements; Lambert-Beer's Law

The rate of formation of Schiff base was followey $pectrophotometer atmax. By using UV-VIS, 1601
Shimuadzu spectrophotomet&he basis of the spectrophotometry is Beer's lahis Telates the absorbancy of a
solution to the concentration of the species predédre prerequisite of the spectrophotometry isvihldity of the
Beer’s law. It is possible to ascertain the conegiun of a given species in solution if it absorbdiation of a
particular wavelength and obeys Beer’'s law. Trugatian of this law can arise when moderately comiceed
solutions are used. The law is obeyed only in dikdlutions.

Standard curve: The solution of Schiff base of various concentrai@g0.001 M to 0.005 M) was prepared using
ethanol solvent. Using 0.005 M solutioq,,x was determined. The absorbance of each colouteticsowas then
measured, at thid,,x436 nm. The readings are recorded in Table-1.Toegflabsorbance (optical density) versus
concentration of the Schiff bases has been obtaredstraight line (Fig-1). The plot was usedtasdard curve for
the determination of concentration of Schiff bafeeghe kinetic measurements.

Table: 1. Optical density atAnax436 nm

Conc. Of SB 0.D
0.000 0.000
0.001 0.223
0.002 0.428
0.003 0.626
0.004 0.784
0.005 0.996
1.2 4
1 -
0.5
O pe6 -
c °
0.4
2
C' T T 1
8] 0.002 C.004 0.006
concentration

Fig: 1 Standard Curve O.D Vs Concentration.

Experimental procedure for kinetic measurements Salicylaldehyde solution (25 ml) of desired milawas
taken into 50 ml flask. In another 50 ml flask ptig aniline solution (25 ml) of desired molarityeve taken. Both
the flasks were then allowed to stand in thermistaater bath to attain the required temperatutentcontent of
the flask having p-methyl aniline solution transéet to the flask containing Salicylaldehyde. Thhtamed reaction
mixture was thoroughly shaken and kept in thernimstaater bath at desired temperature. After mixitige
reaction mixture was transferred to a quartz aedl the increase of absorbance due to Schiff baseafmn with
time was followed against the blank kept in anottpeartz cell akmax. At different time intervals solution was
employed to determine optical density. From thigiaah density, concentration (x) of Schiff base qmet at
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particular time was determined with the help of gtandard curve. It was observed that this methae g
reproducible and quantitative result.

Methods of calculations of the rate constant
For the equimolar quantities of reactants, valuesefond order rate constant were calculated usktagian

1 x

If concentrations of reactants are different, thkigs of second order rate constants have beeulatalt by using
relation

(= 2303 blax
(@b}t - a(b-x

Where,

t = time in second.

a = initial concentration of 5-Methylsalicylaldehed
b = initial concentration of aniline.

x = amount of Schiff base formed in time t.

Graphical k values were obtained from the sloptheflinear plot of 1/ (a-x) versus time (t) for efjgoncentration
and plot of log [(a-X) / (b-x)] versus time (t) fanequal concentrations.

Order of reaction with respect to Salicylaldehyde

To determine the order of reaction with respecS#dicylaldehyde, the reaction has been carriedabutifferent
concentrations of Salicylaldehyde by keeping thaceatration of p- methyl aniline constant at a ipafar
temperature.

van't Hoff's differential method[24] was applied tletermine the order with respect to salicylaldehlgg equation
[25,26].

dc dc
I — Il — 1T

logd-logcll

n =

The amount of product formed (x) was plotted agaims time in minutes. From the curve, the valuedoddt have
been calculated.

Order of reaction with respect to p-methyl aniline

The order of reaction with respect to p-methyliarilwas determined by varying concentration of ghyleaniline
by keeping the concentration of Salicylaldehydestamt at a particular temperature. The order vetpect to p-
methyl aniline was determined by applyiman’'t Hoff's differential method. The values of/dtwere evaluated by
plotting amount of product formed (x) against ti(tjein minutes. From the effect of temperature lo teaction rate
the energy of activation Ea, enthalpy of activatidyH*), entropy of activationAS*), free energy(AG*) and
frequency factor (A) were calculated.

RESULTS AND DISCUSSION

Kinetics of formation of Schiff bases was caried atiequal concentrarion.The second order ratetaonsvas
calculated by using equation of second order atlegoncentration and graphical k valuses determifiean the
stiright line plots of 1/(a-x) verses time.

Reaction order

The kinetic study is carried out at different centration of salicylaldehyde (1x£@o 5x10° mol dm®) at constant
concentration of p-methyl aniline (5x3@nol dni®) in ethanol medium at 303 k .The plot of dc/dtiagalog [S.A]

is liner and slope of plot was found to be neam,ocindicates the order with respect to Salicylaydie is first
order.(Fig.2). Similarly the kinetic study is caudliout at different concentration of p-methyl arél(1x10® to 5x10
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% mol dm?) at constant concentration of Salicylaldehyde (Bkmol dmi) in ethanol medium at 303 k .The plot of
dc/dt against log [p-me-ANI] is liner and slopepddt was found to be nearly one, indicates the ondth respect to
aniline is first order.

-4
y=x-2.301
Rz =1
-4.5
o -5
=
°
-55
-6
-3.5 -3 -2.5 -2
dx//dt

Fig: 2.Plot of dc/dt against log [S.A]

Effect of temperature on the rate of reaction

Kinetic measurements were carried out at four cbfie temperatures 303,308,313 and 318 k at constant
concentration of [S.A] (5xI®mol dm®) and p-methyl aniline (5x10mol dm®) in ethanol. The second order rate
constant depends on the reaction temperature 7, Zhe thermodynamic parameters like energy oivaton
(Ea), enthalpy of activatiofAH*), entropy of activationlAS*), free energAG*) and frequency factor (A) were
calculated (Table 3). From the value of thermoduyicgparameter it is observed thsti*and AS*are the important
parameter in controlling the rate of reactions. Tlegative value of entropy of activation indicateat activated
complex is less probable and rate is slower. Thyatiee values of entropy of activation show tha ifitermediate
transition state is rigid. The relatively small was of AH* and the negativéS* values are consistent with the
reactions which generally proceeds through highbyanized transitions stats [29]. If both the reatdaare likely
charged, the charge density on the surface inrlresitions state will be more and hence there @aimtrease in
solvation leading again to a negat&y&*[30].

Table:2. Effect of temperature on the rate of reagbn

Temp. kx1G
® | (dnfmoltsY)
303 14,588
308 20.022
313 27.227
318 36.779

W]

Qo

Q
]

—+—303
—a—308

——313

——318

200 ! ‘
0 20 40
Time in minutes

Fig: 3 Plot of 1/ (a-x) versus t
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The rate constant values of Schiff base formatibalifierent temperature are listed in the TableH& Trate of
formation of Schiff bases increases with increasamgperature. The plot of log k versus 1/T is gtraline (Fig .4)

Table: 3.Thermodynamic parameters

Ea 49.488 kJ
A 4.94 x 16
AH* 46.968 kJ

AS* | -116.915 JK mol™
AG* | 82.394 kJ mot*

_2.2 T T 1
0.0031 0.0032 0.0033 0.0034

11T

Fig.4 Plot of log k versus 1/T

Scheme.l
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Schiff bases formation involves a two step reachietween the carbonyl compound and the amino conthdtirst
addition takes place to form a carbinolamine whkedn undergoes dehydration. Both steps exhibitrigénaeid base
catalysis [31-32]it was found that the reaction was first ordethie carbonyl compounds and first order in amine.
Spectroscopic studies have revealed that, under axidic condition there is a fast disappearancthefcarbonyl
function followed by a slow appearance of the patd83]. Under mild acidic condition, rapid additi@f amine to
the carbonyl compound followed by the acid-catadydehydration of the adduct is the rate-controlstep.

An increase in acidity would promote the reacti@tduse it increases the rate of dehydration stapwih a
further increase in acidity the nucleophile (R)\hay get protonated (RN3) and, thus deprived of its lone pair of
electrons and is no longer in a position to attaekpositive carbonyl carbon ( Scheme.1)
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