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ABSTRACT

|on-exchange kinetics on an el ectrical ly conducting organi c-inorgani c com-
posite cation-exchanger have been studied for Mg?*-H*, Ca2*-H*, Sr2*-H*,
Ba?*-H*, Ni2*-H*, Cu?*-H*, Mn?*-H* and Zn?*-H* exchangesat 25,33,50 and
65(%0.5)°C temperatures using approximated Nernst-Plank equation under
the particle diffusion controlled phenomenon. In this consequent some
physical parameters, i.e., fractional attainment of equilibrium U(t), self-
diffusion coefficients (D ), energy of activation (E), and entropy of activa-
tion (S*) have been determined. The adsorption thermodynamic for the
adsorption of mancozeb, afungicide of the class ethylenebi sdiothiocarba
mate have also been demonstrated on the surface of this composite cat-
ion-exchanger at 25,35,45°C. Asaresult some thermodynamic parameters
like Freundlich constants, thermodynamic equilibrium constants(K ), stan-
dard free energy changes (AG®), and standard enthalpy change(AH®) and
standard entropy changes (AS°) have been evaluated.
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INTRODUCTION

Polyaniline Sn(1V) phosphatean el ectrically con-
ducting composite cation-exchanger has been studied
for thesynthesis, physico-chemica characterization, ion-
exchange propertiesand electrical conductivity mea-
surements¥. On account of ion-exchange properties
this cation-exchanger possessed abetter ion-exchange
capacity 1.96 meq dry gt as compared to inorganic
cation-exchanger Sn(IV) phosphatei.e. 1.12 meq dry

gtand high sdectivity for mercury atoxicmeta ion. To
exploretheandyticd utility of thecation-exchangema:
terid amercury sdlectiveion-sensitivemembraneeec-
trodewas devel oped and used for analytical studies?.
However, theion-exchange mechanism of the cation-
exchanger hasyet to be determined. Therefore, kinetic
studiesof theexchangeof somedivaent akai and tran-
sition metal ions have been conducted to understand
the mechanism of ion-exchange and its separation po-
tential onthe surface of thematerial. Inview of afore-
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sadfacts, investigationsof somekinetic parameterssuch
asthediffusion coefficient, energy and entropy of acti-
vation, etc., areimportant. It isnoteworthy that these
parameterstell usabout the mechanism, rate determin-
ing step and rate laws obeyed by theion-exchange pro-
cess. Moreover, the earlier approaches®® of kinetic
behavior are based ontheold Bt criterion”®, whichis
not very useful for atrueion-exchange (non-isotopic
exchange) process because of the different effective
diffusion coefficientsand different mobilities? of theex-
changingionsinvolved. The Nernst-Planck 10 equar
tionswith someadditiona assumptionsprovide more
gppropriatevauesin obtaining thevauesof thevarious
kinetic parameters preci sel y1*>19,

The presence of anion-exchangematerial possess-
ing agood ion-exchange capacity may enhance the
adsorption characteristicsof thesoil. Theadsorption of
pesticides on soilshasbeen asignificant feature 24, It
isaffected by the presence of metal ions, which play an
important rolein modifying thenutritiona statusof the
soils. Inorganicion-exchangersareknown to be selec-
tivefor metal ionsand hencetheir presencein soil may
have somefar reaching consequences?23. They could
effect agreater retention of metal ionsinsoil owingto
their ion-exchange behavior, thuspreventing themfrom
enteringinto cropsand ultimatdy tothefood chain. These
materials have been found to adsorb pesticidesto a
much grester extent thantheordinary soils, for example
antimony(V) silicate? prepared in these laboratories
has shown about aten-fold enhanced adsorption po-
tentia for the pesticide carbofuran ascompared to soils.
In order to extend such astudy, this cation-exchanger
was al so sel ected for the adsorption of pesticide. The
adsorption propertieson polyaniline Sn(1V) phosphate
was observed for the adsorption of mancozeb whichis
amember of ethylenebisdiothiocarbamate (EBDC) fun-
gicides. Mancozeb isused to protect many fruit, veg-
etable, nut and field crops against awide spectrum of
fungal diseases, including potato blight, leaf spot, scab
(on apples and pears), and rust (on roses). It isalso
used for seed treatment of cotton, potatoes, corn, sun-
flower, sorghum, peanuts, tomatoes, flax, and cereal
grains. Mancozebisavailableasdusts, liquids, water
dispersblegranules, aswettabl e powders, and asready-
to-useformulations. It may becommonly found in com-
bination with zineb and maneb. It isan organophos-
phate compound used commonly asan insecticidein
agricultural, household and public hedlth usesto con-
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trol different typesof insects.
EXPERIMENTAL

1. Reagentsand instruments

The reagents used were obtained from CDH, E-
Merck and Quaigens(IndiaLtd.). A water bath incu-
bator shaker having atemperaturevariation of + 0.5°C
wasused for al equilibrium studies. An el ectronic bal-
ance(digita), Sartorius(Jgpan), modd 21 OSwasusd

for weighing purpose.
2. Preparation of reagents

M ancozeb suspension of different molaritiesrang-
ing from 0.01-0.06M was prepared in demineralized
water (DMW). 0.1N iodine solution wasprepared in
potassium iodide followed by DMW. 10% lead ac-
etate solution was prepared in MDW and 2N potas-
sium hydroxidein methanal.

3. Preparation of polyanilineSn(1V) phosphate

Polyaniline Sn(IV) phosphate composite cation-
exchanger was prepared asreported earlier™. Theor-
ganic polymer polyanilinewas prepared by mixing equa
volumesof thesolution of 10% aniline (C,H,NH,) and
0.1M potassium persulphate (KS,0,) preparedin 1M
HCI with continuous stirring by amagnetic stirrer for
half an hour at 0°C, and green colored gel was ob-
tained. Thege wastransferred into the white precipi-
tate of Sn(1V) phosphate prepared at room tempera-
ture (25+2°C) and at pH=1 by adding 0.1M stannic
chloride solutionto an aqueous solution of 0.1M di-
sodium hydrogen orthophosphate (Na,HPO,) in2:3
ratio. Theresultant green colored gel waskept for 24h
at room temperature (25+2°C) for digestion. The su-
pernatant liquid was decanted and the gel wasfiltered
by suction. Theexcessacid wasremoved by washing
with deminerdized water (DM W) and thematerid was
dried in an air oven at 50°C. The dried product was
immersedin DMW to obtain smal granules. They were
converted to H*-formsby treating with 1M HNO, for
24 hwith occasond shakingintermittently replacingthe
supernatant liquid with fresh acid. Theexcessacidwas
removed after several washingswith DMW andfindly
dried at 50°C. The particles size of ~125um of the
materia wasobtained by sieving and kept indesicca
tors. The ‘polyaniline Sn(IV) phosphate’ composite
cation-exchanger possessed 1.96 meq dry g* of the
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TABLE 1: Conditionsof preparation and theion-exchange capacity of polyaniline Sn(I'V) phosphatecomposite cation-ex-

changematerial

Mixing volume ratio

Appearanceof Na'ion-exchange

Sample M SnCl,.5H,0 0.1M Na,HPO,in pH of theinorganic 0.1M K,S,05 10% Aniline beads after capacity
in 4M HCI DMW precipitate inlIMHCI in1M HCI drying (meq dry gb)

S1 2 3 1.0 1 1 Greenish granular 1.96
S2 2 3 1.0 White granular 1.12

Na" ion-exchange capacity. The conditions of prepa .

ration and ion-exchange capacity aregivenin TABLE N S

1. - 12 //‘

4. Kinetic measur ements Eg //"/

Thecompositecation-exchangematerid wastreated § 2 osf

with 0.5M HNO, for 24h at room temperature with £ 3 /

occasiond shaking; intermittently replacing the super- 52

natant liquid withafreshacidtoensurethecomplete £ 2 ot

conversonto H*-formand theexcessacid wasremoved gl

after several washing with DMW. Now thedried ion-

exchanger samplein the H*-form was grounded and L T et S IR ST S S R

then sieved to obtain particles of definitemesh sizes Timelmin

(25-50, 50-70, 70-100 and 100-125um). Out of them
theparticlesof meanradii ~125um (50-70 mesh) were
used to evaluate variouskinetic parameters. Therate
of exchangewas determined by limited bath technique
asfollows:

Twenty-milliliter fractionsof the0.02M metal ion
solutions (Mg, Ca, Sr, Ba, Ni, Cu, Mnand Zn) were
shaken with 200mg of the cation-exchanger inH*-form
insevera stoppered conical flasksat desired tempera:
tures[25,33,50 and 65(+0.5)°C] for different timein-
tervals (0.5, 1.0, 2.0, 3.0and 4.0 min.). The superna-
tant liquid wasremoved immediately and determina-
tionswere made usually by EDTA titrationg?. Each
set was repeated four timesand themean valueswere
takenfor caculations.

5. Adsor ption thermodynamics

A totd of 0.5 g portions of the polyaniline Sn(IV)
phosphate composite cation-exchanger wereplacedin
various stoppered conical flasks at the desired tem-
peratures (25, 35 and 45°C) followed by the addition
of 10 ml mancozeb suspensonsof different concentra-
tionsvarying from 0.01-0.06M and themixtureswere
shakenfor 70 min, each to attain equilibrium. Thecon-
centrations of mancozeb before and after adsorption
wereanalyzed by iodometricaly asgiven bel ow.

6. Traditional CS, reaction system
Thesystem proposed by Cullen'® consistsof atwo-

Figurel:Aplot of U(t) versust (time) for M (11)-H(l) ex-
changesat 33°C on polyaniline Sn(1V) phosphatecompos-
itecation-exchanger for thedetermination of infinitetime

necked round bottom flask connected to acondenser,
whichisconnectedtotwotrapsin series. CS, formed
after hydrolysisof mancozeb taken in round bottom
flask carryinginto thefirst trap containing lead acetate
[Pb(CH,CO0),] solutionto aidin theremoval of in-
terferences. After that CS, isreacted with methanolic
K OH present inthe second trap and the xanthateformed
istitrated with | solution.

RESULTSAND DISCUSSIONS

1. Cation-exchangekineticsof metal ions

Kinetic measurementsweremade under conditions
favoring aparticlediffusion-controlledion-exchange
phenomenon for theexchange of Mg(I1)-H(l), Ca(ll)-
H(1), Sr(1N)-H(1), Ba(ll)-H(1), Ni(11)-H(1), Cu(1)-H(1),
Mn(l1)-H(I) and Zn(11)-H(l). The particle diffusion-
controlled phenomenon was favored by ahigh metal
ion concentration, areatively large particlesize of the
exchanger and vigorous shaking of theexchanging mix-
ture.

Theinfinitetime of exchangewasthetime neces-
sary to obtain equilibriumin anion exchange process.
Theion-exchangerate becameindependent of time af-

Hn Tndéan g%wumé
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Figure2: Plotsof U(t) versust (time) for M (11)-H(l) ex-

changesusing different metal solution concentrationsat

33°C on polyaniline Sn(1V) phosphate composite cation-

exchanger

Fractional oftainment of equitibrium, U(r)

Time/min
Figure3: Plotsof U(r) versust (time) for different M (11)-

H(I) exchangesat differ ent temper atureson polyaniline
(V) phosphatecompostecation-exchanger: (1) 25°C, (A)
33°C, (A) 50°C, (@) 65°C

ter thisinterval. Figure 1 showed that 25min. werere-
quired for the establishment of equilibrium at 33°Cfor
Mg?-H* exchange. Similar behavior was observed for
Ca*-H*, Sr¥*-H*, Ba?*-H*, Ni?*-H*, Cu**-H*, Mn?*-
H* and Zn?*-H* exchanges. Therefore, 25 minwasas-
sumed to betheinfinitetime of exchangefor the sys-
tem. A study of the concentration effect on therate of
exchange at 33°C showed that theinitia rate of ex-
changewas proportiona tothemetal ion concentration
at and above 0.02M (Figure 2). Below the concentra
tion of 0.02M, film diffusion control was more promi-
nent.

Theresultsare expressed in termsof thefractiona
attainment of equilibrium, U(t) with timeaccordingto
theequation:

U(t) =theamount of exchangeat time“t’/ 1)
theamount of exchangeat infinitetime

Potsof U(t) versustime(t) (tinmin.), for al meta
ions (Figure 3) indicated that thefractiond attainment
of equilibriumwasfaster at ahigher temperature sug-
gesting that themobility of theionsincreased withan
increasein temperature and the uptake decreased with
time. Eachvaueof U(t) will haveacorresponding vaue
of 7, adimensionlesstime parameter. On the basis of
the Nernst-Planck equation, the numerical resultscan
be expressed by explicit approximati onl-29:;

U(r) ={1- exp[=® (f, (o)t +f (e} + f (@) }* 2
wheretisthehalf timeof exchange= Dyt /1,2, aLis
themobilityratio= D/ Dw=, r,istheparticleradius,
Dy and p,z aretheinter diffusion coefficients of
counter ionsH* and M2 respectively, inthe exchanger
phase. Thethree functionsf, (a), f,(a) and (o) de-
pend upon the mobility ratio (o) and the chargeratio
(Zw+/Zw2+) of theexchanging ions. Thusthey havedif-
ferent expressionsasgiven bel ow. When theexchanger
istakeninthe H*-form and the exchangingionisM?,
for 1<a< 20, asin the present case, thethreefunctions
havethevalues-
f (@) =-1/0.64+0.36 %%
f () =-1/0.96 - 2.0 a04®
f(@) =-1/0.27 +0.09 a**°

Thevalue of tisobtained on solving equation (2)
using acomputer. The plotsof t versustime (t) at the
four temperatures, as showninfigure4, are straight
linespassing through theorigin, confirmingtheparticle

Physical CHEMISTRY — commmm
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Figure4: Plotsof tversust (time) for different M(11)-H(l)
exchangesat different temperatur eson polyaniline Sn(1V)
phosphate composite cation-exchanger: (77) 25°C, (A) 33
°C, (A) 50°C, (@) 65°C

diffusioncontrol phenomenonfor M(I1)-H(l) exchanges
at ametal ion concentration of 0.02M.

Thedopes(Svalues) of various t versustime (t)
plotsaregivenin TABLE 2. The Svauesarerdatedto
D, asfollows.

S= BH"' / roz (3)
Thevauesof —-log p,,- Obtained by using equation

(3) plotted against 1/T are straight linesasshownin

figure5, thusverifyingthevalidity of theArrheniusrela

tion:

Dn* =D exp(-E,/RT) 4)

D, isobtained by extrapolating theselinesand using the

interceptsat theorigin. Theactivation energy (E) is
then cal culated with the hel p of theequation (4), putting

thevalueof p,. at 273K. Theentropy of activation

(AS*) wasthen cal culated by substituting D in equa-
tion (5).

—=  Pylf Peper

TABLE 2: Slopes of various t versus time (t) plots on
polyaniline Sn(1V) phosphate cation-exchanger at different
temper atures

Migrating ions S(s) x 10°

25°C 33°C 50°C 65°C
Mg(ll) 6.83 7.83 9.18 11.18
Ca(ll) 6.72 7.58 8.51 10.15
Sr(Il) 4.56 5.63 6.79 8.58
Ba(ll) 5.31 6.65 8.63 10.77
Cu(ll) 6.28 7.84 9.59 11.61
Ni(I1) 6.60 8.25 10.32 12.70
Zn(ll) 5.79 6.76 8.29 9.70
Mn(ll) 7.40 9.29 11.87 14.36

TABLE 3: Valuesof D, E, and AS* for theexchange of H(l)
with somemetal ionson polyaniline Sn(I'V) phosphate com-
positecation-exchange material

Metal ion 10°lonic 10°lonic
exchange mobility radii/

10'Dy 10°EkJ ASH/IK ™

21 -1 -1
with H() /m?’V!'s’ nm fm’s™ ma mol
Mg(ll) 55 7.8 1.88 6824 -0.39
Ca(ll) 62 10.6 257 7453 -0.26
Se(lh) 62 12.7 1.36 6792 -053
Ba(ll) 66 14.3 279 7495 -022
Cu(l) 57 7.0 1.16 61.04 -0.60
Ni(l1) 52 7.8 155 6392 -048
Zn(ll) 56 8.3 080 5781 -0.78
Mn(Il) 55 91 227 6760 -031
B —
n—— L
o N
&
I‘"'_'I:"' -s8| \ L i\\\&
= LNy 8 \‘ "
A NN N Y
S NN | | N
b4 \ b\\n ~a
=g L L
(a) \t (b)
92 I . I L L 1
28 3 a1 32 33 34 29 3 31 3z 331
1037 -1k -1

Figure5: Plotsof —log D, versus 1000/T (K) for (a) Mg
(1: 0, Ca(ll): @,Ba(ll): A, Sr(I11): A, and (b) Mn(I1): A,
Ni(l1): @ Cu(l1):?0,Zn(I1): A, onpolyanilineSn(1V) phos-
phate composite cation-exchanger

D, = 2.7202 (kT / h) exp(AS*/R) )

wheredistheionic jump distancetaken as5x10°m,
k isthe Boltzmann constant, R isthegas congtant, his
Plank’s constant and T is taken as 273 K. The values
of thediffusion coefficient (D ), energy of activation (E)
and entropy of activation (AS*) thusobtained aresum-
marizedinTABLE 3.

Thekineticstudy reved sthat equilibriumisattained
faster at ahigher temperature (Figure 3), probably be-
causeof ahigher diffusion rate of ionsthrough thether-
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TABLE 4: Freundlich isotherm constantsK and L/nfor the
adsor ption of mancozeb on polyaniline Sh(1V) phosphatecom-
posite cation-exchanger

. Temperature (°C)
Freundlich constant 5 35 15
K 0.82 0.57 0.85
1/n 1.58 1.51 1.67

TABLE 5: Valuesof variousther modynamic par ameter sfor
theadsor ption of mancozeb on polyaniline Sn(1 V) phosphate
composite cation-exchanger

Thermodynamic Temperature (°C)
constan 25 35 45
Kq 1.2536 1.2534 1.1963
AGP°(K cal mol™) - 0.1336 - 0.1380 -0.1131
AH°(K cal mol™) -0.58 -0.58 -0.58

AS°(K cal moldeg?) 2.3551x10° 1.4351x10° - 1.4682x10°

mally enlarged intertitial positionsof theion-exchange
matrix. The particlediffusion phenomenonisevident
fromthe straight linespassing throughtheoriginfor the
tversustime(t) plots, asshowninFigure 4. Negative
values of the entropy of activation suggest agreater
degree of order achieved during theforward ion-ex-
change[M(lI) - H(I)] process.

2.Adsor ption ther modynamics of mancozeb

Theadsorptionisothermsat 25, 35 and 45°C, fol-
low adequately aFreundlich adsorption behavior and

can berepresented by the equation:
xm=KC (6)

where x/m is the surface concentration of mancozeb in milli-
moles per gram of the exchanger represented as Cs, C isthe
equilibrium concentration of mancozeb (m mol mi2) represented

as Ce, and K and 1/n are constants.
According to thisequation plotsof log Csversus
log Cearestraight lines at desirabletemperatures (Fig-
ure 6), and K and 1/n are the constants determined
fromtheinterceptsand slopesof thestarting lines, re-
spectively, fitted to the points by the least squares
method. Thevaluesobtained arelistedin TABLE 4.
Thermodynamic parameterswere ca culated from
thevariation of thethermodynamic equilibrium constant
K, (or thethermodynamic coefficient) withthe change
intemperature. Theconstant, K for theadsorption re-
action can bedefined asfollows:
K,=a,a_v.C/v. C,

s/ "e="s " s (7)
where a, is the activity of adsorbed solute, a, isthe activity of
the solute in solution at equilibrium, C_is the surface concen-
tration of mancozeb in mmol per gram of exchanger, C_isthe
concentration of mancozeb at equilibrium (mmol ml™), v_isthe
activity coefficient of the adsorbed solute and v, isthe activity
coefficient of the solute in solution.

Astheconcentration of the solutein the solution

Physical CHEMISTRY oo
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approaches zero, the activity coefficient approaches
unity, reducing Eq. 7 to thefollowing form-

K,=a,a,_C/C (8)

s/ Te="s e

Values of K are obtained by plotting In (C/C)
versus C_(Figure 7) and extrapolating C_to zero 20,
Thestraight line obtained i sfitted to the pointsbased
on aleast squaresanalysis. Itsintercept with theverti-
cal axisgivesthevaluesof K . Standard free energy
changes (AG®) for interactions are calculated® from
therdaionship:

AG°=-RTInK, )
where Risthe universal gas constant and T isthe temperature

in Kelvin. The average standard enthalpy change (AH°) is
then calculated from the well-known Van’t Hoff equation:

InK (T,)-InK (T ,)=-AH° (T, to T ))/R(UT -UT)) (10)
where T, and T, are two different temperatures. Standard en-
tropy changes (AS®) are calculated using the equation

AG®=AH°-TAS® (11)

Thevauesobtainedaregivenin TABLE 5. A nega-
tiveva ueof the standard entha py changeindicatesthe
mancozeb-exchanger interactionisexothermic. It issup-
ported by the adsorption of mancozeb decreaseswith
the increase in temperature. Since the free energy
changes are negative and accompanied by apositive
entropy changes, thereactions are spontaneouswith a
high affinity for mancozeh®Y,
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