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ABSTRACT

Conductance measurements on aqueous solutions-ohdthyl 1-amidino-O-methylurea copper (ll) chleridnd
bis-methyl 1-amidino-O-ethylurea copper (II) chitgi have been investigated at different temperatuaeging
from 25 — 50 C over wide range of concentration from 1.13-13ID¥. The limiting molar conductancd) data
and ion association constants J)Kvalues were estimated by analyzing conductivittadn term of Shedlovsky
technique. The values af for the electrolytes increase invariably with irese in temperature in aqueous medium,
indicating less solvation or higher mobility of mrThis is due to the fact that the increase tlaéenergy results in
bond breaking and leads to higher frequency antidrignobility of the ions as well as.KThe higher K values in
the case of [Cu(Me-AMUH]|CI,compared to [Cu(Me-AEUH]CI, may be ascribed to the more coulombic type of
interaction (specific short-range interaction) beswn the [Cu (Me-AMUH)?* ion and Chloride ion. The
thermodynamic parameters viz., changes in enth@lipif), entropy ¢S) and free energy4G°) were estimated
from the temperature dependence of the ion assogiabnstant.
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INTRODUCTION

The concept of ion pairs to the evaluation of thierionic forces in electrolytic solution was fiistroduced by
Bjerrium [1]. The tendency of ions to associat® ilon pairs depends on the balanced between dutrestatic
force and thermal energy. The first inter-ionicdaheof electrolytic solution was that of Debye-Hetk2] and this
theory has been used remarkably in interpretind#teaviour of ions in dilute solutions. The themadtcalculation
for the decreased of ionic mobility with increasic@ncentration considered two effects. In the fitsice, when an
ion moves through under the influence of an appkéettric field, it tends to disturb the surrourglifonic
atmosphere which exerts an opposing electric famed, secondly, the ion comprising the ionic atmesph
produced a counter-current of solvent which alsards the motion of the central idrhe phenomenon of ion pair
formation is by itself of fundamental importanceth® chemical field as it influences reaction rabesmay be
exploited in numerous chemical applications suchoaspair chromatography or ion selective electsodEhe
temperature and concentration dependence of tlitraige conductance has been proved as one ommibst
appropriate methods for studying ion-ion, ion-salvend solvent-solvent interactions in solutiong [Blectrolytic
conductivity is a very useful classical experimértiechnique to determine transport as well as édiiuim
properties of dilute electrolyte solutions. Becao$dts relative simplicity and versatility, the amurement of the
conductivity of electrolyte solutions, which candsaried out to a very high precision, remainsrapartant tool to
obtain information about electrolytes in differestlvents [4]. The conductometric method is welltesi to
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investigate the ion-ion and ion-solvent interactiam electrolyte solutions. lon pair formation iolions of alkali
metal halides of small metal ions have been extehsiinvestigated both in aqueous and aquo-orgaaieent
mixtures [5].

The present work reports the comparative studiesoofductometric properties, thermodynamic behasiod
Walden product of [Cu(Me-AMUBJCI, (Bis-methyl 1-Amidino-O-Methylurea copper (ll) cfitie) and [Cu(Me-
AEUH),]Cl, (Bis-methyl 1-Amidino-O-Ethylurea copper (ll) chittg) in water at different temperatures between 25
to 50 °C. The data were analyzed using Shedlovsky methodbtain the limiting equivalent conductivity and
Association constant, Walden products have beefuaes. The thermodynamic parameters viz., chariges
enthalpy AH°), entropy AS) and free energyAG®) have been studied from the values of ion assoniabnstant

at various temperatures.

MSTERIALSAND METHODS

The complexedis-methyl 1-amidino-O-methylurea copper (1) clidi@) and bis-methyl 1-amidino-O-ethylurea
copper (II) chloridehad been prepared from the literature [6,7]. Thetpwf the sample was checked through
conventional chemical analysis and spectral measemes. The electric conductivities were measure@bgn Star
Al112 Conductivity Benchtop meter with Epoxy 2 cé@{=1.0) digital conductivity bridges with a dip tgp
immersion conductivity cell were used. The solusionf different concentrations (1 xY)0M were carefully
prepared by dissolving requisite amount of the damp conductivity water (ie, double distilled wgtef low
specific conductance (< 2x?@ cm'). Conductivity measurements were carried out dertemperature range of
25°C — 50 C. All the dielectric constants and viscosities evebtained from literature [8]. The temperaturetoan
in the ranges of 25-8Q were made by using refrigerated water bath armlileitor Model D8-G of HAAKE Mess-
Technik) and graduated thermometer. The measursménteights were done by using a METTER Balancajeh
TB-214(max=210g; d=0.1mg). All calculations werendmn IBM-PC-AT/386 using a basic programmed.

The experimental data of conductance measureme@u(f) complexes in water after solvent correctiomere
analyzed by using Shedlovsky extrapolation equfjofor 2:1 electrolytes:

1

AS@) A_lo + (i_g) (CA L_rz S(Z)) 1)

whereA is equivalent conductance at a concentratiog.eqiv.dri), A, the limiting equivalent conductance and
Ka the observed association constant. The other dgfdiod are given by

2
_ [z ’ A _ |x40+B 12 . _ 17.147x105W

2q _ Z4Z- Ap+A_ . B_ 151.47
1+q1/2 " q= zy+z_ " zyd_+z Ay ] T n(DT)Y/2

W= z,7Z_

Z andA are the valence and conductance of the ions regglgc excluding their signs. D is the dielectdonstant
of the mediumn the viscosity (c.p). The degree of dissociationig related to S(z) by the equation,

T =AS(2)/4,
f. is the activity coefficient of the free ions andsaalculated using equation (2)

Az, z_pl/2
1+BRp1/2

~logf, = )(2

__ 1.8247x10°

0.5029x1010
Where, A= W

1
; B = —oniz = EZi(CiTi)Ziz

R is the maximum centre to centre distance betwleerons in the ion-pair. There exists at presenmethod of
determining the value of R precisely [10]. In ortietreat the data in our system the R value igrassl to be R = a
+ d, where a, the sum of crystallographic radiihef ions, is approximately equal to5and d (A) is given by [11]
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1
d =1183(M/)) /s ©)
where M is the molecular weight of the solvent arisl the density of the solution.

From the linear plot of NS(z) versus® s(z); A, and K, were estimated from the intercept (1)) and slope
(Ka/A%) respectively. The values of jKand A, are calculated using eqn (1) by an iteration pdoce. All
calculations were done on IBM-PC-AT/386 using aibgwogrammed. The mean activity coefficient f was
determined by equation (2) for the above choserptexrsalts. From the linear plot ofAl$ (Z) versus Q\f.? S(2);

N\, and K, was evaluated from the intercept/4 and the sIopeKA/AO2 respectively . The procedure was
repeated using these new valued\gfind K,. All calculations were carried out by IBM-PC.

The Change of free energy for the association po@s°) was calculated from the equation:
AG=-2.303RT logk 4

The enthalpy change of associatiaif) was obtained from the slope of log Ks 1/T. The change of association
entropy AS’) was calculated from the Gibbs- Helmholtz equation

AS= (AH-AG?)/T (5)
RESULTSAND DISCUSSION

From Table 1 and 2, the values &f for the electrolytes increase invariably with iease in temperature first in
aqueous medium, indicating less solvation or highebility of ions due to the fact that the increftsermal energy
results in bond breaking and leads to higher fraqueand higher mobility of the ions. Values &f for [Cu (Me-
AMUH),]CI, are always greater than those values of complex (MetAEUH),]JCI, and is most prone to the
variation in vibrational, rotational and translai# energy levels with temperature.

The values of K's for these two complexes increase with rise mgerature (Table 1 and 2). The higher\alues

in the case of [Cu(Me-AMURBJCI,compared to [Cu(Me-AEUH)CI, may be ascribed to the more coulombic type
of interaction (specific short-range interactiomtween the [Cu (Me-AMUH)?* ion and Chloride ion. This is so
because the charge density of [Cu (Me-AMYBhion is greater than that of the charge density @i [Me-
AEUH),]*"ion.

Table-1: The value of limiting equivalent conductance (Ao) and Association constants (K ») obtained by Shedlovsky techniquefor [Cu
(Me-AM UH),]Cl, in aqueous solution at different temperatures.

298K | 303K | 308K | 313K | 318K | 323K
Ka 283.44| 301.27| 319.34| 327.85| 343.17| 361.70
Ao 154.6¢ | 165.4¢ | 174.9¢ | 186.1(C | 195.3¢ | 206.6:

logKa | 2.452 | 2.47¢ | 2504 | 2.51f | 2.53¢ | 2.55¢

Table-2: Thevalue of limiting equivalent conductance (Ao) and Association constants (K,) obtained by Shedlovsky technique for [Cu
(Me-AEUH),]Cl,in agueous solution at different temperatures.

298K | 303K | 308K | 313K | 318K | 323K
Ka 260.66 | 280.52| 300.99 | 318.07| 338.85| 357.59
Ao 148.5¢ | 159.5: | 168.9¢ | 180.2¢ | 191.1Z | 200.2¢

logKa | 2.41¢ | 2.44¢ | 2.47¢ | 250z | 2.53( | 2.55!

Table-3: Thermodynamic par ameters AG°(kJequiv®), AH(kJequiv?) and AS’(kJK “equiv?) obtained by Shedlovsky technique for [Cu
(Me-AM UH),]Cl, in agueous solution at different temperatures

298K | 303K[ 308K] 313K] 318K 323K
AG® [ -13.99| -14.45] -14.71 -15.0F -1544 -15.82
AH® -0.39

10°%xAS® | 45.6¢ [ 46.3¢ | 46.7C | 46.9C | 47.31 | 47.7:
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Fig.1: Limiting equivalent conductancefor [Cu(Me-AM UH),]Cl, and [Cu(Me-AEUH),]CI, at
different temperatures.

The negative value ofH® indicates that ion association processes are esuth at all temperature [12]. Out of
these two complexes, negative value\@f is more in [Cu (Me-AMUH)|Cl, compared to [Cu (Me-AEUH)CI,
and this complex is more favored in ion-pair forimat A positive entropy change is broken when assion takes
place leading to an increase in the degree of digstiness [13].
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Fig.2: Plotsof log K, Vs /T for the complexes [Cu(Me-AMUH),|Cl, and [Cu(Me-
AEUH),|CI,
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Table-4: Thermodynamic par ameters AG%(kJequiv™), AH(kJequiv™?) and AS’(kJK equiv™?) obtained by Shedlovsky technique [Cu(Me-
AEUH),]Cl,in aqueous solution at different temperatures

298K | 303K [ 308K|] 313K| 318K 323H
AG® [ -13.79] -14.20] -14.63 -15.0p -1541 -1579
AH® -0.52

10°%x AS® | 44.4¢ | 45.1< | 45.7¢ | 46.27 | 46.7¢ | 47.2¢

The free energy chang@@®) for association is calculated from the relatiaG® = -RT In Ky . The heat of
associationfH®) is obtained from the slope of the plot of log Ms 1/T (fig. 2). The entropy changa%) is
calculated from the Gibbs-Helmholtz equatid@’= AH°- AS’T. The values of thermodynamic function are given
in table 3 and 4. The negative value Mf° indicates that ion association processes are exuth at all
temperature. The positive valuesA®’ and negative value afH°® indicates that ion association process will occur
spontaneously at all temperatures [14].

CONCLUSION

The limiting equivalent conductancdy) increased linearly with the increase in tempemtand the association
constant K values increase with rise in temperature. Bothreeetions are exothermic which is determined by
negative values ofAH° . The copper(ll) complexes show ion pair assammatiithin experimental obtained by the
negative values okG°at different temperatures. The positive value\6f and negative value afHindicates that
the ion association process will occur spontangoaslall temperatures. TheaKvalues for both complexes are
determined and found in order: [Cu (Me-AMU{QI, > [Cu (Me-AEUH)]CL.,.
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