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ABSTRACT
Kinetics of sorption of the ammine and ethylenediamine complexes of Cu2 | Zo2 , Ni?2

and Cd2"

in cerid phosphate have been studied. It is found that the overall exchange process

takes place in two distince phases; a relatively quick process in the first stage js followed by a
slower one, till the equilibrium is reached. Average size of the exchanger particles remaining
the same, ‘F' increases with the external condentration of the exchanging jon uatil it becomes
independent of concentration. Under otherwise identical experimental conditious, the obsetved
decreasing order of the rate of exchange of the ammine complexes is: Cu > Zn > Ni > CJ; and
that of en-complexes is, Cu > Zn. It 1s further gbserved that the rate of sorption of the en-complexes

of Ni2  and Cd2

INTRODUCTION

HE speed of ton exchange reaction is an imporcant
pracical considerationl. Apart from the immense
practical uuliny of the ion-exchange kirveti~s stuly,
for the purpose of chemical separations, an undet-
standing of the fattors contributing to the rate ‘of
ion exchange reactions is of donsiderable theoretical
interest?. The present paper desciibes an investigation
of the kinetics of the exchange reactions in cerir
phosphate using ammine and ethlylenediamine com-
plexes of Cu2+, Zn2t, Ni2 and Cd2+ as exchanging
ions. The stady includes: (A) dependence of the
sorption rate on the concenttation of the exchanging
ion; (B) the effect of size and shape of the exchanging
ion on the rate of exchange.

takes place supetficially only.

ammonia or 0-01 M ethyleneliamine solution, The

sample of CeQO, with an average particle radius

92 X 103 cm was obtained with the help of stan-
dard sieves.

PROCEDURE FOR THE RATE-STUDY

Samples of 25 ml of the metal ammines and ecthy-
lenediamines were added to a sedies of stoppered
conica] flasks, each containing 100 mg of the exchanger.
The resulting mixtures were shaken mechanically up
to equilibrium. The solutions were centrifuged and
the supernatants (5 ml) were analysed for Cu?
iodometrically’ and Cd2+, Zn2! and Ni2 , com-
plexometrically®; and the amount of metal ions

sorbed, hence their ‘F’ values were found out from
the relation?

Amount of the metal 1on sorbed at time ¢

F
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MATERIALS AND MEBETHOD

All the deagents used were of A.R. quality. Ceria
phosphate was prepared by the dropwise addition of
one volume of a saturated ceric ammonium sulphate
soluticn in 0-5 M H,SO,, to one volume of a well

stirred solution of 6 M H,PQ,, at room temperatitic.

The precipitate obtained was further stirred for an
hour 2nd washed free of sulpbate jon and was finally
dricd at 25 =+ 2°C. The ratio of PO,/Ce in the

sample,  when analysed quantiwtively3,  was founn

to be cqual o 1068, Ceric phosphate (CeP) prepared

in this way bchaves as a action exchanger in basic

medium, as confirmed by means  of  pli=tirraciont,

Ammine and cthvloncdiamine wmplexes  of

7Z.odt, Ni*t and Cd=F

agueous  ammonia  and  cthylenadiamine
The pll of the solutions was adjusted with eiher (1:4)

el —pr— dedF

Cu=
were prepared by dissolving

appropriate  quantities of their water soluble salts {n
sofutons.

"~ Total amount of the metal ion sorbed at equilibtium

RESULTS AND DISCUNION

The results presented in Tables I-III, indicate that :

(£) The ion exchange kinetics exhibic ewo dis.
tinctly  separate  stages, relatively  quulk
process in  the frst stage followed by a
slower one, till the equilibrium is rew hed
(Tables I and 11},

(i)  Average size ot the exchaoger particlo

remaining  the same 'F odncreass with the

external  condentraton of the exdhangin g

ion unal ir becomes indepeadene of  con-

centration  (Tables 1 and 11).

Under wWlentical  expersmental

contdicions, the observad Jeercasing ofder of

{1ir) otherwise

the rate of exchange of the ammine complex
ions iy (Table 1)

(y > Zn > Ni > (d
and thue of encompleaes (Table 1D Cu>En.
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TABLE 1
Dependence of * 7 values on the concentration of different ammine complexes
Amount of the exchanger (CeP) = 100 mg, Total yolume =25 ml; pH =105, Particle radius =9-2 X 10-3¢m_

e

Fractional attainment of equilibrium (F)

e S

Time
Cuf Ny, Zn{N) > Ni(NHyg)2+ Cd(INH,), %~

001 M O-OSM O 10M O-01 M 0-O5M O-10M O:OIM 0O-O5SM O 10M O-01M 0-05M 0-10M
30 secs 026 035 0-40 027 0-325 0-38 026 0-30 046 0-25 0-25 0-375
I min 0-53 0-55 0-575 0-45 040 0-475 0-375 0-39 050 0-35 030 0-46
2 mn J-62 G575 (-635 (Q-48 (-48 0O-53 0-45 0-425 0-55 0-425 0-40 0O-51

S mun 3-69 065 O 7y 575 0-595 0:625 0-55 0-575 0-62 0-50 0-525 0-63
10 min G-Y35 0-75 0-76 0-844 0-66 0-70 064 0-65 0-69 0-583 0-825 068
20 myn 0-82 080 0-83 075 0-74 0798 074 073 076 073 0-73 0-75
30 min 0-8¢ 087 086 0-81 0-82 0-g2 0-g0 0-79 080 0-79 0-80 0-79
45 min 0-91 0-91 0-8y O-873 O0-875 O0-88 085 ©0-80 0-8¢ O0-84 0-83 0-34
60 min 0-95 0-94 0:93 0-934 0-92 0-93 0-89 089 0-91 0-89 0-88 0-885
75 min 0-93 0-98 0-97 095 0-95 0-95 093 G911 0©-92 092 0-92 0-92
90 min 1-00 100 (00 0-978 0-978 0-978 0-96 0-97 096 (0-96 @¢'95 0-94
100 min 1-00 1-00 300 0-935 0-985 0-98 ©0:98 0:98 0-975 097 097 0-96
110 mun 1-00 31-00 1-00 0-995 0-995 0-995 099 0-99 0-99 0-985 0-955 0-98
120 mjn i-g0 100 §-00 1-00 100 1:00 1-CO 1-00 100 1-CO 100 1-CO

TABLE 11
Dependence of “ F' values on the concentration of Cu*t and Zn*+ en-comiplexes

Amount of the exchanger (CeP) = 100mg, Total voiume =25m}; pH =10-5_ Particle radjus = 9-2 X 10-%¢m-

Fractional attainment of cquilibrium (F)

g— e

Time Cu (en)g=* Zn (en},**
0-05M 0-10M 0-05M 0-10M

S mn -50 0-72 0- 40 0-575
JO mn 0-60 0-80 0-55 0-675
I5 myn 0-72 0-86 0-66 0-70
20 mn G-80 Q-89 Q-71 0-75
30 min 0-88 0-92 0-79 0-79
45 mn 0-95 0-95 0-84 0-84
60 nun 0-97 0-97 0-88 0-90
75 myn 3-975 0-98 (}-90 g-91
90 min 0-9% 0-985 0-93 0-93
120 mjn (:995 0-995 0-96 0-96
150 min 1-00 1-00 1-00 1-00

— —




Vol. 47, No. 14

July 20, 1978 Divalent Complex Cations in Ceric Phosphate

433

TABLE 111

Dependence of * F’ values on the concentration of Ni** and Cd* en-complexes

Amount of the ex = - — :
F 1¢ exchanger (CeP) = 100mg, Total volume = 25 m], pH =10-5, Particle radjus = 92 > ]¢~3 cm.

i T

Fractional attainment of equilibrium (F)

Time

Ni(en),*+ Cd(en),2+

0-01M 0-05M 0-10M 0-01M 0-05SM  0-10M

30 secs 0-01 0-025 0-075 0-01 0-03 0-05
1 min 0-025 0-05 0-15 0-025 0-05 0-07
2 mn 0-06 0-10 0-25 0-05 0-08 0-15
5 min 0-15 0-25 0-50 0-125 (-20 0-33
10 min 0-30 0-50 1-00 0-275 0-40 0-63
15 min 0-44 0-70 1-00 0-38 0-55 0-87
20 min 0-65 0-845 1-00 0-52 0-68 1:00
30 min 0-70 1-00 1-00 0-73 0-86 1-00
45 mijn 1-00 1-00 1-00 0-91 1-00 1-00
60 min 1-00 1-00 1-00 1-00 1-00 1:00

Sp—— il e

It has been further observed thar the rate
of sorption of the en-complexes of Ni%+
Cd2+ jncrease continuously with the external
concentration (Table 1),

(;v) The rate of sorption of the ammine ¢om-
plexes of Cu2t and Zn2+ is higher than
the dorresponding en-complexes (Tables I
and II).

Overall exchange process consists of two types of
diffusion processes®. The first one involves diffusion
across a liquid film about the solid parude and the
second involves diffusion of ions imside the solid

particle.
Our results (Tables I-1[]) show both film and

particle diffusion are responsible for the oveall ex-
dhange process. Since, ‘F valucs initially increase
with the increase of exchanging ion concentration
from 0-01 M to 0-10 M, followed by a more or less
dentical ‘P values towards the end. However, the
ohserved fact that 'F values of en-complexes of NiZ
and Cd2F increase continuously even at the concen-
tration ranges where the corresponding ammine com-
plexes  attain  concentration independence, indicates
(hat the sorption of these complexes ofcurs by film
diffusion only to the practically complete €xg lusiont
of particle diffasion. This may be possible if it is
considered that ionic dimensions of the en~complexes

il

of Cd2 and Ni? are too large to enrer ingo the exchanger
particles, This possibility is in agreement with the
accepted view?,

The observed sequence in  the order of rates of
sorption of the ammine secems to be intimately con-
nected with the stereo—chemical characteristics of the
exchanging ions and may be explained in the light
of the dedreasing order of their stereo—chemical co-
valent radii'®-12; square planar Cu(Il), 1:28 A;
tetrahedral Zn(II), 1'31 A and Cd(II), 1-48 A;
ocdtahedral Ni(II), 1-39 A. Therefore their sizes follow

the order ¢

Cu(NH )% < Zn(NH) 2+ < Ni(NH) 2
< Cd(NHy) j*+,

The en-complexes of the metal jons under study are
all known to have octwhedral symmetry!3, The ordec
of the covalent radii is, therefore, likely to parallel the
otder of ionic rfadius of the simple meeal ions$, eiz,,
Cu2*, 0-69 A and Za2F, 074 A.  Therefore their
sizes will follow the order:

Culen)y*t « Zn(en)g*t.

From our experimental ohservations, it appears thdt*
jonic charge remaining the same, the smaller the size
of the exdhanging ion, the fuster is the mite of sorpuon,
Further, considering the relacdve rates of the ammine
and en-compleaes of Coutt and Za?t che lower rue
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ot sorption of the erm-complexes is atcributed to their

larger dimensions as dompared to that of the corres-
ponding ammine complexes,
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CONTROL OF SEED DETERIORATION IN COTTON (GOSSYPIUM HIRSUTUM L)
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ABSTRACT
The deterioration of cotton seeds under warm-humid conditions can be controlled by

hydration-dehydration pretreatment of stored (5-6-month-old) seeds.

A soaking duration of

2-3 hours for the fuzzy seeds and about one hour ftor the delinted sceds, followed by drying
back to the original weight, would greatly reduce the loss of viability of seeds during subsequent
storage. The treated seeds not only maintained a high germination percentage but also showed a
significntly greater vigour of seedlings in Comparison to the unereated control seeds. Alrhough
hvdration itself gave the major effect, dilute solurions (2 X 10-% M) of disodium phosphate and
p-hvdroxvbenzoic acid showed further im»rovement in getminarion percentage of seeds.

INTRODUCTION

N the major cotton belts of South India, cotton is
grown in two seasons. But the seed of a particular
harvest caanot be used immediately for sowing the
fo'lowing crop because of the time required for gir-
ning and processing and for seed certificition ptiot
to marketing of seeds. Therefore the current seed has
to be stored for 6-8 months after hdrvest. Further,
ma.y  sced producers frequently have large surplus
carrg-gvers stocks which -remain unsold and need to be
stored till the next season. Under ordinary uncontrolled
storage, cotton seeds lose vigour and viability ac a
fairly rapid rate. Temperature and humidity controlled
storage facilities would greatly solve the problem of
seed deterioration but at present very few growets
and seed merchants have such facilities.  Relatively
inexpensive and  easily practicable methods should

e le—

* Agsistant Professor of Seed Technology (on study

lavey), Tamil  Nahi Agricubtural  University,
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therefore be standardised to maintain cottonr seeds at
a high level of germinabjlity. Studies in this laboratory
have led to the development of a hydration—dehydration
method of seed treatmentl for the stored seeds of a
wide range of crop plants and in the present paper,
the standardisaton of seed trearment for controlling
the detertoration of stored cotton seeds is described.

MATERIALS AND METHODS

Two-month-old seeds of the popular cotton cultivar
MCUS, obtrainad from the Cotton Breeding Sration of
the Tamil Nadu Agriculrural University. Coimbatore,
were stored in unsealed polyvinyl bags at 27° =+ 5° C
and a relative mean humidity of 73 =3 7% for three
months. The 5-month-0ld fuzzy seeds were then given
the hydration treatment by soaking in double the
volume of distilled water for 05 to 5 hours. After
scaking, the seeds were taken out and the excess water
removed by blotting and dried back to the original
weight in a current of hot air at 36° =+ 1°C. The



