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ABSTRACT

The conductance of two different symmetrical mlexes cobalt(lll) tetramine oxalato [@ sfetOx]X and trien
carbonato [Co(tn) CO5]X ( where X=CI,Br,I.CIO; and PF ), in water are determined at 298 K. The results
are analyzed by Fuoss-Onsager model to estimateultsneously molar infinity of conductandg, association
constant K and associated parameter distances of ion p&lrs, (all related to standard minimum deviatig).
Data are applied to calculate the solvated ionddiif and solvation number, according to Gill' egioat which
revealed that solvent separated ion pair (SSi)del is preferred to these complexes aqueous mediu

Keywords: Electrical conductivity, Co(lll)complexes assdwma, Gill's redii , transport number, solvation
numbers.

INTRODUCTION

Gurney (1) explained ion pair model by includingoth contact and solvent-separated (SSIP)ions pesr
represented in the following equation:
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where K describes the formation and separation of coqtaics by a series of inter changes of sites betwebment
molecules and ions. This term depends on shorteraog —solvent interaction and is different forusturally
different solvents ; K describes the formation and separation of solvep&sited pairs by diffusion in and out of
co- spheres of diameter R around ions. Prue (3jedtthat the general boundary conditions werepiedéent of
short-range effects where ions were surroundedpheres with diameter R outside of which the sdlweas
described electrostatically by its microscopic edtlic constant and hydrodynamically by its bulkcdsity .lons
were counted as nonconducting ion pairs and defetedthe population of atmospheric ions.

Fuoss ( 3) suggested a model which separated tigepns of correlating\, and K, with molecular parameters
from the treatment of long range electrostatic hpdrodynamic interactions. According to Fuoss Hkpsis ,the
three adjustable parameteys, Ko and R were obtained by applying the followingiations :

A=(Ag-AA) (1 + AXIX) (2)

Ka (1-¥) ICy? %, = Kr(1+Ksg) 3)

and -Inf=BK /2(1+KR) (4)
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where K = 4tNR*3000 expp/R , p =€/ekT and R =co sphere diameter describing the differcontrolled steps
in the equilibria of equation (1) where =the dielectric constant for given medium. Usitltge hard sphere in a
continuum modelAA, are identified by the electrophoretic effect and thaxation effecAX/X . The fraction
(1-y) of solute existed as ion pairs in the above lggiims.

One of the major interests in coordination chemids to study the interaction between central atand
surrounding atoms, ions or molecules. Coordinatiompounds containing ligands have been known @ fone
ago. Exceptional stability of complexes can bakaited to their charge distribution which is steteitl by hydrogen
bonding. Two different ligating nitrogen atonfsamino ligands in the equatorial of the coordimatoctahedron
like(@) N'[2-(3,amino propylaminoethyl)]propane3i,diamine= (3,2,3 tet) to form Co(lll)oxalato tetramines
complexes and(b) propane -1,2 -clamine= (tn) tonforCo(lll) carbonato complexes Structural formula of the
above two amino complex ions are illustrateddheSne 1
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Scheme 1: Structureof (a) [Co(I11)(3,2,3tet)Ox] and (b)[Co(tn),CO3] complexes

Many Authors(4-7) studied the conductance of symicedt complexes at different solvents and at défer
temperatures. In the present investigation, thetrdal conductivity parameters,, K, and R of the above two
cationic complexes with common series of anitkes CI',Br',1",CIO, and Pk in aqueous solutions at 298 K were
chosen to study the effect of varying cationic antbnic groups on the conductance behaviour.

MATERIALSAND METHODS

The octahedral structure of carbonato- and oxalatoamine cobalt Co(lll) chloride, bromide, iodjdoerchlorate
and phosphorus hexafluoride complexes were prepanddcharacterized as described by Massoud ef).al{he
crude products were recrystallized twice from lweudistilled HO and dried in vacuum at 8C till constant
weight then kept in vacuum desiccators.

Conductivity water was obtained by passing frgsHistilled HO through 60 cm long Elgastat deionizer, while
guarding against atmospheric €y using a soda lime tube. Measurement of specifnductanc& , amounted to
5-7x10" S cm*,density (d )was 0.99704 g dhwhile viscosityl was 0.8937cP for pure,8 as reported ( 9,10).

An Erlenmeyer conductivity cell with bright Pt etemdes having a cell constant of 0.04066).33% crit was
used. Conductance measurements were performed asing.c. Beckman conductivity bridge(RC 18A) with
accuracy oft0.1 for resistance and ac frequency of 3 k Hz re/bemperature was adjusted to 29802 K with a
Haake NB 22 Ultrathermostate. The runs were choig as reported (11,12).

RESULTSAND DISCUSSION

Preliminary limiting molar conductancé, of the cobalt oxalato [Cef4et)OX]X and cobalt carbonato
[Cotn,COs)X complexes[X= CI ,Br I ,ClQand Pk] in agueous solutions at 298 K were obtainedx}tsapolating
the molar conductanck versus +/C at zero concentration. Tables 1 and 2 recordd#ea related to concentration
( C) against equivalent conductantg6f oxalato and carbonato systems ,respectiv@lie preliminaryA, values
were taken as an input in FuoSnsager(13) conductance equation to obtain simedtasly the three adjustable
parametersAy ,K, and R . Data were analyzed using a Scan computgram provided by Fuoss that minimized
the standard deviatias . equation 5:

or=y Y[Acalc —Aexpl?/(n—2) (5)
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Table (3) demonstrates thag of oxalato salt solutions were increased endftder Br> CI—> [->ClO, >PF
while for carbonato salts, the order fog was 1> Cl—> CIO, >PR; .

Several studies were carried out on conductancavi@ir of Co(lll) complexes at different solutiorf$4).
Ramadan et al(12) estimatad of [Co(en}yCO,]CIO, in water at 298 K and found to be 93.82 $emol™ while
in this study , A, value of Co(tn) CO;]CIO, under the same conditions was found to be 9Z@&’Smol™* Table
3,indicating that small difference by one £Hyroup in amino ligand structure led to a large iatamn in
conductance. This change was attributed to bddbation by hydrogen bonding between the extid, group
and water molecule ,with  solvophobic structurakmg processes by water around the hydrocarbarts pf
ligands for both the oxalato and carbonato cemgs resulting from hydrophobicty of coordimhbligands (15)

Since Ag=viAy +V. A, (6)

wherev, andv. = the number of cations and anions per moleaule\(=1, for univalence electrolytesi\’, and A’

o = the limiting conductance for cation and aniespectively at infinite dilution . In this styd A, values for
anions were taken from literature[6,14]as sulée from the relatedA, to give cationick,” value. The
approximate limiting cation’, values forCo(lll) oxalato and carbonato complexesenfound to be 24.14 and
24.24 Scrfmol™ respectively Table 4 .This indicated that bothoret had similar solvation process.

lonic Association

A glance view to K values in Table 3, revealed tha{ Khad moderately low values in Scheme 2 .botlesef
the studied complexes and ranged between (10d2284) indicating week ion pairing that slightaried with
varying anionic species in the order ¢P£ CIO, <CI'<Br< I for oxalato complex and CIO< CI < PR < I’
for carbonato complex . Kshowed a change due to relative binding strenfjimion to the octahedron cationic
skelton

Additional effect might have been involved whiclhswv specific for a given ion-solvent system. Thadarate K
values , observed for the above complexes revediad the short —range interaction between th@wcatnd anion
was also moderately due to large size and lowgehdensities that surrounded the cations, besigidy stable
solvated anions .

Tasic et al (15) found thatKfor Rb cyclohexylsulfamate was 0.9 while that @s cyclohexylsulfamate was 6.8
dm3mol™* in water indicating high sensitive association sblvated alkali metals relative to greatesbititg of
anion size ( cyclohexylsulfamate).

Kawana (16)measured the conductance of s-acetyttbime halides and perchlorate in aqueous soistiat
different temperatures and found that Kwas higher in ClQthan in Bf complexes. Dash et al(17) reported
larger K, value for Brin trans [Co(enBr,]Br , which attributed to less ionic stability alatk of solvation of ions
although trans[Co(ep}l,]Cl gave smaller ion pair association.

Gibbs free energy of association could be givethbyfollowing equation

AG =-RTIn Ky (m) @)
where K is in molality scale. Since GAG/RT so,then

Gs =-In Ka (8)

Table 3 shows that all Gibbs free energy valuesewnegative, Fuoss discussedrerm ofAH and —TAS since
the enthalpy contained the work done in separaiegntact pair to infinity given negative partesfthalpy. The
enthalpy also contained a positive term duedplacement of nearest neighbouring solvent modschoy partner
ion in the last step in the function of contact irpa Since two unpaired ions can be representedniny
configurations whereas a contact ion pair hads teegree of freedom, so the entropy term decreazed —AS
was positive. According to the previous picture tipproximate negativity of Germ for all complexes were
related to the electrostatic part of enthalpy.

Generally, the increase in negativity of term (Table 3) for the studied two series of caempk revealed an
increase in the electrostatic part of enthalpyhdirection of related complexes a&<@r< 1" < ClO, < PR It
may be concluded that the differences ipwere due to different influences on water struetaround each
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complex cation. De -visser and Somsen (18 ) ateibthe preference of tetraalkyl ammonium bromatesfater to
hydrophobic bonding of the cation.

lonic radii
Several studies (14,19) reported on the relateiwden solvated ionic radius)(@and the properties of the solvent,
mainly viscosityn and dielectric constamt

Gill (20 )modified the Stokes’ law from which the ionic \&atied radius {§ of diffusing ions had been calculated
using the following equation

rs=(Z) P16 n N, =0.819 (Z) A;qn =0.732 16 T /Dn (9)
where (Z) = absolute charge of the ion, and Dmitihg ionic diffusion coefficient .

The new modified form depended on inserting aemiion factor containing the dielectric constant.this
treatment ,Gill considered the assumption of Stakesvell as Nightingale(21)for looking to WN,Pr,N",Bu,N*

and AmN™as unsolvated cations in water was not correefNViwas found to be a structure breaker in water(22)
and exhibited solvation in many non-aqueous sab(@3)due to its valuable charge density. Onother hand ,
Pr,N",Bu,N" and AmN™ ions were found to act as excellent structurears{R2,24). In this case, the charge to
surface ratio was too small to allow for permanemnientation of water (the diploes) in the firgtdnation sheath.
Solvation was attributed to hydrophobic hydrattamound the hydrocarbon chains of these ions (28l looked at
Et4N® as an intermediate between /N& and PyN* Bu,N* and AmN™ ,hence it could be considered as unsolvated
ion and its radius in solution was taken as tlystatlographic one.

According to the previous picture, Gill(20) suggesthe following equation
N =rs+ 1y (10)

where 1 = ionic radius in solution sr= Stokes radius ang & correction factor which when plotted againkie t
dielectric constant , for several non-aqueous solvents ,two partifies were obtained and satisfy the relation

re =0.010F +r, 11

where §=1.13 A for the hydrogen bonded solvents and highly assedidipolar aprotic solvents. The applicability
of Gill's equation to calculatg orA, and A. was proved by several systems[26,27].In thisysithte anionic radius
for CI'Br,I',ClO4,and PF in addition to the cations [GQ s tet Ox] and [Cota CO;j]*, could be calculated in
water using equation(12) in the collected form

r =(0.819(Z)h\ )+0.0103 +r, (12)

Summation of the hydrodynamic radii’(r+ , *) would be compared with the distance (R) obtaimeiously from
Fuoss as showed in equation (3).

Table 4 records the estimatedand i values from equation (12) for oxalato and carbor@o(Ill) complexes in
addition to the related experimental values (R)he behavior of R as the summation in sizes ef#dii corrected
by Gill (r" + r°) confirmed the hypothesis that the anion —sohaipble interaction was predominantly in
electrolytes with common cation. It could be rdadieen that the experimental R values were gredan
summation of the obtainable electrostatic Gillirad + r). This would mean that Gurney co-sphere modeldcou
be considered for the above complexes wheyénkhis model represented more than one non-cdimdugon pairs
bonded by short-range interactions and coincigtedne sphere as represented in Fig. 1.
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Fouss’ co-ephere dismeter
{a)

Fig. 1. (a)Probabilities of R values (b) Formation of (SSIP)

The individual ions should be separated by at least water molecule to give solvent-separated jmair-model
(SSIP) as previously reported by Evans and Gar2@mn(lee and Wheaton(27extended the above model
suggesting that when a cation"nd anion X were separated by a single solvent molecule, thiilisy of
M*(solv.)X ion pair will depended on the polarizing powerMdf and X ions as well as the polarizability of the
solvent molecules that has been controlled by t&m(@&).

Bernal et al(28) reported that [Co@8)0;]" and CIQ had radii of 9.9 and 2.4 °Arespectively, where their
summation equated 12.3°A.In our case, experimental R values , ranged lmw@3.8- 15.2) Aat 298 K as
recorded in Table 4,indicating that ion —pairingqess would put these complexes in the classledtsal ion-pairs
by one or two water molecules whebg{ ) had the diameter of Odqualled to 2.8A(29). The limitation of
ion pair solvation in water was given by Bartaehl[ 30] expression as

r = r+i + ; +O0oH- (13)

The data in Table 4 show thafar anion solvation had followed the trend of €Br = I’ <PR; < CIO, for both
complexes while;r. for solvated two cations had nearly the sameuesbs expected. This behaviour could be
explained on the basis that hydrogen bonding iotena of water to cation in weekly charged compkex@as an
extreme case of an ion-dipole electrostatic imtéva.

It must be mentioned here that (R) which was thephere diameter containing both contact and rcomtact
pairs, represented both short and long rangesaictions, Fig. 1.

Transport number

The experimental results showed that transparib®is were generally concentration dependerthdrcase of
non-associated 1:1 electrolytes ,the form of cotrtaéinn dependence was as follows ;(a) if the partsnumber of
ion was close to 0.5, it scarcely varied with amtcation,(b) if the ion transport number was Idsn 0.5, it
increased further with increasing concentration @)df the ion transport number was greater th&n id decreased
with concentration( 6 ) .These findings were caatglly and quantitatively explained by the intertoattraction
theory (31 ). The following equation would fitetipurpose for calculating the transport numBesftthe given ions
i from which fi(the limiting transport number) could be calculateyl extrapolating;t vs +/c line into zero
concentration

Ao—3{zi]B2VI/(1+ka)
Ao—[zi+zj1B2VI/(1+ka)

(14)

where B = 82.5A (cT)** k = BaV/l, B=50.29X 1&/(¢T)"? and a =e closest approach distance of the twoiions
and j.

For 1:1 electrolytes, the above equation, couldibmplified to :

_ 20-2B2Vc/(1+ka)

"~ “Ao—B2vc/(1+ka) (15)
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Equation (15) gave an excellent quantitative actofithe observed transport number.

Based on the above equation data in , Tabkh&wed %, values for the anions of our complexes in wateto K

It could be seen thal,tfor the anions with respect to oxalato compleadlofved the order, B#l>CI'>CIO, >PF;
.while that for carbonato complexe obeyed tttenCI>I" >PFR; >CIO,. In both series ,the degree of hydrogen
bonding had a significant influence on the ionichitity.

When taking averagé,trelated to halides only or between ¢l@nd Pk values in both series, the limiting
transport number for the related cation could tignased and found that it obeyedcolcos>t°co.oxar, Table 5

Solvation number
The volume of net solvation shell was instructgdPlaul et a{32 ) that given as

V&= 413n(r3r?) (16)

Where rand ¢,  were the solvated and crystallographic radipeesively , x was taken from literatures (16, 20,
22), found to be 1.81, 1.95, 2.16 and 2.88dk CI', Br, I', and CIQ  respectively as showed in Table(4).

Accordingly the solvation number{n for each ion could be obtained from equatior) (17
N=VdVn (17)

where \[,was the partial molar volume of the given solvémimore common solvent used as water, its valag w
known as (18 mol dif). Table 4 collected in the estimated salvation bers of the above ions. In this field ions
could be classified (33) either with high chargmsity known as structure maker ions ; with smalirge density
known as structure breakers ions and those ewittemely small charge density containing alkylaoyl groups
known as hydrophobic structure-makers. In theddfiCI, Br and |'belonged to the first type while CJOwas
related to second type .The calculated solvatiombyrers were found to be varied in the same treitid warying
their limiting conductance values.

TABLE I: Conductance of [Co(3,2,3)tet.Ox]X complex saltsat different concentrationsin water at 298 K

[Co(3,2,3 te)OX|CI [Co(3,2,3 tet)OX]Br [Co(3,2,3 tetOX)]]
10°C/mol dm™ A/ Scm “mol -1 10* C/ mol dm’® A/ Scm®mol-1 | 10°C/mol dm™® | A /Scm *mol-
48.303 95.722 47.61 97.534 45.024 97.621
36.00 96.431 30.25 98.411 25.10 98.351
25.0 97.215 19.003 98.910 18.49 98.608
12.25 98.311 12.25 99.700 16.00 98.705
7.563 98.836 9.302 99.851 10.563 99.151
4.001 99.422 7.290 100.12 6.25 99.332
1.103 100.01 5.290 100.42 4.00 99.524
[Co(3,2,3te)OX]CIO, [Co(3,2,3 tet)Ox]PF6

10*C/ mol dm™® AIS cm? mol? 10 “C/ mol dm’® AIS cm? mol?

39.438 88.932 41.6025 89.211

21.623 89.822 23.1361 89.698

17.598 89.913 18.9225 89.765

12.25 90.426 16.1684 90.098

7.2361 90.707 11.0889 90.379

5.29 90.931 6.5025 90.455

2.9241 91.112 49723 90.697

TABLE I1: Conductance of [Co(tn) ..CO3]X complex salts at different concentrationsin water at 298 K.

X=CI’ X=I" X=ClO,” X=PF¢"
10°'C* AS 10°C A 10°C A 10°C A
38.776| 96.223 38119 97.001 31427 89.412 32.959 .3337
26.153| 97.002] 28.46%2 97.488 22591 89.887 24.354 .7587
18.801| 97.489] 23.26]1 97.819 17.338  90.382 19.554.0088
14.070| 98.002] 15.689 98.38  13.133  90.587 15.319.2188
10.459| 98.286] 11.847 98693 8.6200 91.004 10.$72.6938
5480 | 99.014] 6.8277 99.186  6.507¢ 91.179 5.5366 2189
2.608 | 99.477| 3.3269 99.612  2.8024 91.668 3.077 8895

* C= moldm®* $ 4=S cnfmol?
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TABLE I11: Conductance Parametersfor Co(l11)Oxalato and Carbonato Complex in Aqueous Solutions at 298 K
[Co(3,2.3 tet) OX]X

Complex AJScm*moal™ | Ka/dm®*mol? | R/ A° | -Gs/k.J.mol™ | 10%,
[C03,2,3 tetOX]CI 100.85 11.65 13.8 2.455 3.5
[C03,2,3tet Ox.] Br 101.71 12.55 13.9 2.5297 4.08
[Co3,2,3 tetOx.] | 100.28 12..94 14.3 2.5603 4.94
[C03,2,3 tetOx] ClO,4 92.00 10..47 14.9 2.3485 571
[C03,2,3 tetOx] PF6 91.65 11.22 15.1 2.4177 3.82

[CO (tn), CO3]X
Complex Ao/Scm* mol-1 | Ka jamma ™ | R /A° | -Gd k J.mol™? | 10?6,
[Cotn, CO;]CI 100.312 11.07 13.9 2.4042 1.5
[Cotn,CO4]l 100.55 12.93 14.0 2.5595 3.3(
[Cotn,CO3] ClIO4 92.77 10.88 14.8 2.3869 2.82
[Cotn,CO5] PFg 90.5 12.12 14.9 2.4949 2.31

TABLE 1V: Parametersderived from conductance in aqueous solutionsat 298K .

[Co(3,2,3tet )OXIX

lon 2Scm’mol™ | re/A° | rilA° | (ri+ +ri-)/A° | RIA® N
[Co(3,2,3 tet)Ox]" 2414 3.798] 5.734 }
Cl- 76.45% 1.199| 3.139 8.872 13.8 .
Br- 77.7° 1.18 | 3.124 8.855 13.9 .
I- 76.28) 1.202| 3.142 8.877 14.8 b.
ClO4 68.047 1,348 | 3.288 9.023 14.8 B.
PFe 67.6%) 1.376| 3.316 9.051 15.2 -

[CO(tn)z CO3]X
lon 2YScemmol™ [ re JA° | i [A° | (ri+ +1-)/ A° | RIA® N
[Cotn,COg)+ | 24.24 3.782| 5.719 - -
Cl 76.47 1.199| 3.139 8.858 13.9 i
I” 76.28 1.202| 3.142 8.861 14.0 b
ClO4 68.00 1.348 | 3.288 9.007 14.8 B
PF¢ 67.60 1.376| 3.316 9.035 15.0

Ref(a) =6, Ref(b)=12

TABLE V: Limiting transference number t,° of different ionsin water at 298 K.

lon % lon %
[Co(3,2,3te)Ox]" | Av=0.239 | [Co(tn),CO3]" | Av=0.239
CI 0.7583 Cl 0.7623
Br- 0.7635 -
I” 0.7605 1 0.7585
ClO4 0.7392 ClO4 - 0.7385
PF¢ 0.7375 PFs 0.7470

CONCLUSION

The structural formula of the octahedral pseudd,8}-tetramine oxalate cobalt(lll) and@wctahedral carbonato
complexes ,provided strong evidences to their gotidg properties due to the nature and size aif tions during
migration in their solutions. Relaxation and &lephoretic properties in solution were consistenth the
behaviour of these ions. The collected data redetthatA, varied in short limited range either for oxalato o
carbonato complexe . The extent of solvation oé¢hmns, depended on the structure of coordinateide and
arrangement of the chelating ligands that wereosmded by water to form hydrogen bonds ,may sthemgor
weakened may created or disappeared .

The relative differences i, for given series of complexes with common oxalaation as [Cg, sfetOX]" in the
order of B> CI' > | > CIO,; > PR while that for carbonato [Co(#¢O5]"in the order 1>CI > ClO, >PFRs
.Finally ,the limiting transference numbers forgjiimcomplexes were estimated and found that arierdecreased
in the order B> | > CI'> CIO, >PFK; for oxalato complexes and the order >ICI™ > CIO,” > PK for carbonato
complexes. Applying Gill's equation gives an ication about the presence of solvation process dérived
model from Gill's equation would be solvent sepadaton pair where ion-dipole- ion forces existbaétween
these two systems. Moderately change far ¢omplexes indicated no serious association betwggosite ions
Accordingly ,the experimental R values were fbimbe parallel to K values as related to Fuoss model.
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