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Experiments have been carried out on the transport of nickel ions through chloroform liquid
 membrane, containing two new tetradentate thioiminato schiff bases as carriers. Variation of the rate
 of transport of nickel ion with concentration in the source phase and with the accompanying anion
 has been studied. The transport rates have been shown to correlate with the Gibb's free energy of
 hydration of the anion.


Carrier-mediated transport through liquid mem-
 branes has been utilized in several cases for se-
 paration of ionsI - 4. In the context of these studies
 liquid membrane is the name given to an organic
 phase imr.liscible with two aqueous phases, one
 containing the metal ion to be transported (source
 phase) and the other being the receiver phase.


The carrier molecule though more or less insolu-
 ble in aqueous phase has finite solubility in the
 organic phase. This technique of carrier mediated
 transport for separation process draws inspiration
 from facilitated transport in biology, e.g., oxygen
 transport through haemoglobin5•


In the present paper, we report studies on two
 new tetradentate thioiminato schiff bases as carri-
 ers for the transport of nickel ions through chlor-
 oform liquid membranes. Since nickel is also a
 toxic ion the present study appears relevant to
 pollution abatement in addition to being relevant
 to separation processes.


Materials and Methods


All the chemicals used in the synthesis of the
 ligands were of Analar grade. The two ligands, N, .
 N' hexamethylene-bis (monothioacetylacetonimine)
 (LI) and N ,N' -octamethylene-bis( monothioacetyl-
 acetonimine) (L2)were synthesized using the method
 described by Gerlach and Holm6• For the synthesis
 of ligand (L)), to a 0.05 Msolution of p-ketoimine
 (prepared by the condensation of 1.0 mol of hexa-
 methylenediamine and 2.0 mol of acetylacetone) in
 ethylenediamine and 2.0 mol of a~etylacetone) in
 100 mL of dichloromethane, 20.0 g (0.1 mol) of


triethyloxonium tetrafluoroborate (Et]Or(BF4t
 in 50 mL dichloromethane was added with stirr-
 ing under dry nitrogen atmosphere. After stirring
 for 45 min at room temperature a fine suspension
 of 10 g (0.16 mol) of sodium hydrogen sulfide
 prepared in 100 mL of absolute ethanol was
 slowly added over a period of 1 hr. After filtra-
 tion, the filtrate was concentrated to dryness in


vacuo at room temperature. The yellowish crude
 product thus obtained was crystallized twice from
 its solution in acetone-water mixture. Sitnilarly,
 for the synthesis of ligand (~) octamethylenedia-
 mine was used instead of hexamethylenediamine.


Yield of both ligands was about 70%. Analytical
 data (C, H, N) of the two ligands were found to
 be satisfactory. IR(KBr pellet) of both the ligands
 showed bands in the region 1600-1500 em -
I
due
 to 1-\C=C) and 1-\C=N) while
 1-\C-S)+ 1-\C-CH]) appeared at 1300 and 840-
 780 cm-I. NMR spectra of the ligands (in CDCl,l)
 showed signals at <5 2.1 and 2.5 ppm due to pro-
 tons of CH,l groups adjacent to nitrogens and sul-
 phurs respectively. A triplet at 0
 3.4 ppm corre-
 spon~ing to CH2 protons arose due to HN -CH2
 spin coupling; a singlet due to CH protons ap-
 peared at <5 6.2 ppm and a broad signal appeared
 at 014.3 ppm which is assigned to SH protons.

The analytical and spectral data are consistent
 with the structures of the ligands shown in Fig. I.


Apparatus and procedure


The all-glass transport cell used in the present
studies was quite similar to the one used by Lamb
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Results and Discussion


The initial rate of transport of the metal ion
 was very fast - within a few minutes one could see
 the change in colour of the receiver phase. As the
 time elapsed the rate of transport slowed down.


This trend (shown in Fig. 3) can be understood in
 terms of the postulated mechanism2 of the carrier
 mediated transport. The whole process is visua-
 lised to consist of four steps2: (i) cation in the
 source phase moves into the membrane phase ac-
 companied by the anion and is complexed by the
 carrier ligand; (ii) complex-anion pair moves ac-
 ross the membrane; (iii) decomplexation takes
 place at the receiver phase/membrane phase in-
 terface and the cation and anion are released to
 the receiver phase and (iv) carrier ligand returns
 to repeat the cycle. From this postulated mechan-
 ism it is apparent that as the concentration of the
 metal ion in the receiver phase increases, the
 transport of the metal in the reverse direction also
 sets in, diminishing the net rate of transport of the
 metal ion from the source phase to the receiver
 phase. In the present study, therefore, transport
 data have been discussed in terms of initial rates
 of transport (lcl which were determined from the


--
 E...••
•


-0 0.2


e


spectrophotometer (Perkin Elmer-373). In order
 to study the effect of anions on transport, nickel
 salts (all Analar grade) with different anions were
 experimented with. For each metal salt control ex-
 periments were also performed in which every-
 thing was the same except that no carriers were
 taken. All experiments were carried out at cons-
 tant temperature (30°C) obtained using a
 thermostat.


2 3


Time (h)


Fig. 3 - A typical plot showing variation in the concentration
 of Ni2+ in the receiver phase with time in the case of nickel


chloride, (source phase concentration = 0.1 M)


DISTILLED WATER


CHLOROFORM
 CONTAINING
 CARRIER L16AND
 MA6NETIC
 NEEDLE


MA6NETIC STIRRER


Fig. 1 -- Stluctures of carrier ligands (for ligand ~, n = 4, for
 ligand~, n=6)


et 01.' a d is depicted in Fig. 2. A chloroform so-
 lution ( 0 ml) containing 10-3 M ligand was
 placed the bottom of the cell. The aqueous so-
 lution 0 nickel salt of desired concentration was
 placed ver the chloroform solution in the middle
 tube (A of the transport cell. Distilled water was
 filled i the rest of the portion of the transport
 cell sue that its level was same as that of the
 aqueou. solution in tube (A). The chloroform so-
 lution, he aqueous salt solution in tube (A) and
 the dist Iled water outside the tube (A) will be re-
 ferred 0 as liquid membrane phase, the source
 phase nd the receiver phase respectively in the
 text of this paper. The liquid membrane phase
 was we stirred using a magnetic stirrer.


The experimental procedure was simple.


Known volumes (1 mL) were withdrawn from the
 receive phase at known intervals of time and an-
 alysed or the metal ion using atomic absorption


Fig. 2 -. Tr*nsport cell


,I I Ilil I' Id !II If! I1M'H~i



(3)tangent at time 
t=
0 in the plots of concentration
 (in the receiver phase) versus time(t) (Fig. 3).

Slope.1.n
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Fig. 4 - Variation of logic with logo. for nickel chloride using
 carrier ligand ~ (10-3 M) in the membrane phase. The acti-


vity coefficients values were taken from reference 11.


complexation (determined by the rates) of the me-
 tal ion with the carrier ligand, (ii) the rate of
 transport of the carrier-metal complex from the
 source phase boundary t9 the receiver phase
 boundary and ~ill)the rate of decomplexation at
 the receiver phase boundary. Since the two bind-
 ing sites between which the metal ion is to be
 held are more far apart in carrier 
lz
 than in carrier

~ and also because carrier 
lz
 is heavier than car-
 rier ~, the factors (i) and (ii) are less favourable
 for carrier lz.
 However, the factor (ill) appears to
 be more in favour of carrier lz.
 Thus, it is the de-
 complexation factor which, at least in the present
 case, appears to .determine the rate at which a
 tarrier would transport the metal ion.

The transport rate Ie in case of both the carri-
 ers was found to be a function of salt concentra-
 tion in the source phase (Table 1). The plots of
 10gIeversus logas' as being the activity of the salt
 in source phase, were found to be straight lines.


A typical straight line plot of logIe versus logas


is shown in Fig. 4. There is one major point of
 difference between these plots (Fig. 4) and the
 corresponding plots obtained by Lamb et al2: the
 slope in the former case is less than 2 which is
 equal to 2 in the latter case. The value of the
 slope equal to 2 was rationalized by Lamb et al2


using the theoretical treatment given by Ward7
 and Reusch andCussler8•


With carrier ligand L
 2.0


6.720
 1.0


4.560
 0.5


3.172
 2.0


5.380
 1.0


3.973
 0.5


0.600
 2.0


2.044
 1.0


1.433
 0.5


0.191


With carrier ligand
4
 2.0

74.151
 1.0


24.336
 0.5


6.032
 0.1


0.329
 O.oI


0.038
 2.0


23.477
 1.0


11.860
 0.5


4.540
 0.1


0.320
 O.oI


0.016
 2.0


11.380
 1.0


4.241
 0.5


3.859
 0.1


0.167
 O.oI


O.oI5
 Sample


.Table 1 - Variation of nickel ion transport rate with salt
 concentration


Initial cone. in
 source phase, C


(M)


The initial transport rates "" of nickel ion from
 thf source phase to the receiver phase through
 the liquid membrane phase at various source
 phase concentrations for both carriers are re-
 corded in Table 1. In the control experiments no
 detectable lPansport of the metal ion was ob-
 served whereas in the presence of carriers, the
 transport was substantial (Table 1). A scrutiny of
 the values of Ie for- the same anion and the same
 concentration in the source phase reveals that the
 carrier 
lz
 transports the nickel ions faster in the
 comparison to carrier ~.

In view of the postulated mechanism2 the rate
of transport, Ie should depend on (i) the ease of
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Followlng the reasoning given by Ward7 , Reu-
 sch
&
Cu~sler8derived the following equation:

in the m~mbrane phase.


Equatiop (1) was written in terms of activities to
 read as,


1.38
 1.07
 0.62
 0.65
 0.59
 0.15


lb)


100 150 200 250


69.5
 75.8
 238.7
 69.5
 75.8
 238.7


20
 1.0
 1.0
 1.0


(0)


NO)
 Cl-
 SO~-


o


~" '.0



u~
 cC ~


50.-


I I I I I


SO '00 ,SO 200 2SO 0 SO


-6G,_WA


-t'


•• 0.8


~



.
~ '.21.1
 ..

Fig. 5 - Plot of log!c against (- t:.Gg_WA ). Curve a is for
 ligand ~ (1.0 M)and curve b is for ligand L.z(1.0 M).


Table 2 - Data showing the variation of !c with anion types and
 theirfree energies of hydration ( t:.Gg_WA )


Carrier Anion Cone. in - t:.Gg_WA * (log!c)X 106
 ligand type source phase (kcaVmol)


(M)
 1.0
 1.0
 1.0


NO)
 L.z Cl-


SO~-


*Refs. 9 and 10.


... (1)


... (2)
 J=Dc


where is the diffusion coefficient of the com-
 plex in e membrane phase, I is the length of the
 diffusio path, Cs is the concentration of the ca-
 tion in e source phase, CL is the concentration
 of the li and in the membrane phase, kis the parti-
 tion co cient of the salt between aqueous phase
 and the liquid membrane phase and Kis the equi-
 librium onstant for the equilibrium:


( 2 )



D
 KCL as 2

Jc 
= ~
 l+kKas

the present study could possibly be because of
 these reasons.


Carrier ligands as well as the metal complexes
 with them have both hydrophobic and hydrophilic
 domains in their structures. Ligands, therefore,
 are expected to be present at the liquid mem-
 brane phase/aqueous phase interface in such an
 orientation that hydrophilic moieties are in the
 aqueous phase and the hydrophobic parts of the
 structure are present in the liquid membrane
 phase. The question that now arises is how does
 the carrier ligand-metal complex, which has both
 hydrophilic and hydrophobic domains in its struc-
 ture, moves through the bulk of the liquid mem-
 brane phase from the source phase boundary to
 the receiver phase boundary. One possibility is
 that the transport takes place along the aqueous/


nonaqueous interface such that the hydrophilic
 domains remain in the aqueous phase and the hy-
 drophobic ones remain in the nonaqueous phase.


This possibility, however, appears remote. The
 other possibility is that the complex moves
 through the bulk of the liquid membrane phase. If
 this happens the hydrophilic moieties of the com-
 plex have to be concealed from the hydrophobic
 environment of the liquid membrane phase. But
 what is the mechanism of concealment of hydro-
 philic moieties? Are some reversed micelle kind


... (4)


... (5)
 ... (3)


d )2)reduce to


If kKa;lor kKc; 
< <
1

respectif.'ely. Thus plot of 10gJc against logas


e a straight line of slope equal to 2.


r in the present experiments nor in the
 nts of Lamb et aF the movement of the
 d of the complex from the source phase/


e phase interface to the receiver phase/


membr e phase interface and in the reverse di-
 rection could be diffusion controlled because the
 liquid embrane phase was well stirred. Since we
 chose .gher concentration ranges than that in the
 experi ents of Lamb et aF the condition (3) in
 our cas may not be valid. Further, the theoretical
 treatm t of Reusch and Cussler8 is restricted to
 uni-um alent electrolytes only which was not the
 case in the present study. The value of less than 2
 of the ope of10gJc versuslogas plots obtained in


IgI~III"



(5)of structures formed? We have no definite answer
 to these questions at this stage. Carrier ~ which
 transports the metal ion faster is definitely more
 hydrophobic and more surface active than carrier


~. What role this hydrop~obicity factor plays in
 the efficiency of the carrier in transporting the ion
 is the other question which merits attention.


Effect of anions


As noted previouslyl,2 anions affect the metal
 ion transport appreciably. For the three anions
 chosen in the present study the transport rates of
 the nickel ion were in the following order:


NO; 
>
Cl- > sOl-.
 This trend can be rationalized
 using thermodynamic argument given by Lamb et


all.
 Assuming that Jcis proportional to the parti-
 tion coefficient Ie, which is related to the Gibb's
 free energy of partitioning between water and the
 membrane phase, ~Gp, according to the equation,

~Gp 
= -
 RTlnk
 One can write,

... (6)


Lamb et al.assumed that all other terms on the
 right hand side of Eq. (10) except ~ Gg_WA were
 either constants or compensate each other for all
 anions. This, of course, as admitted by Lamb et
 aU themselves is an over simplification. In view
 of this assumption, a simple correspondence be-
 tween 10gJc and Ii. Gg_WA follows from Eq. 7. Us-
 ing the values of Gibb's free energy of hydration


(li.Gg_WA) of anions available in literature9.1O, one
 can see from the data given in Table 2 and plot-
 ted in Fig. 5, that the correlation between 10gJc
 andIi.Gg_WAis corroborated.
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where B is a constant. The free energy of parti-
 tioning (~Gp) can be visualized as composed of
 three terms as given by the equation,


where the superscript c, A and cA respectively in-
 dicate that the terms are for cation, anion and for
 interaction of cation with anion in the membrane
 phase. If ~ Gg _MA represents the free energy of
 transfer of the anion from the gas phase to the
 membrane phase and Ii. Gg_WA that from the gas
 phase to water, one can write
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