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Abstract:

The association phenomena of tetra-aqua 1,10
Phenanthroline manganese (1) Chloride in binary
mixtures of methanol and water have been studied at 288
- 308 K. The parameters A,, Ka and R means limiting
molar conductances, ion association constants and the
mean distance between ions in solution have been
evaluated using Lee -Wheaton conductivity equation.
The association constant obtained at different
temperatures were used in  determining the
Thermodynamic quantities of the association reaction of
M*? jons and CI" ions (where M is the coordination
complex)The results are discussed on the basis of the
solvent effect on the conductivity parameters of these
complexes.
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Introduction:

Mixed ligand complexes of 1,10 Phenanthroline with
transition metal are now finding extensive in
volcanization of rubber , forth floatation process for
concentration of sulphide ores, as antioxidants,lubricans
and have been found to possess fungicidal and
insecticidal activity [1].

The conductivity measurements are usefel as an effective
means to understand the nature of solute-solvent
interaction , since the degree of ionic mobility is
exceedingly sensitive to interactions. The characteristics
of metal chelate electrolytes is of their solute-solvent
interaction concerning charge , size and chemical
properties of ligand have been elucidated by the study of
the electronic spectra [2]. racemization [3] . optical
resolution [4], Viscosity and molar volume [5] and
conductivity [6]. Very few work, have been done of 1,10
Phenanthroline and water as mixed Ligand with any
metal ion [7] had studied the kinetics and conductivity of
tris(3,4,7,8-tetramethyl-1,10  Phenanthroline  —Fe(ll)
complex in acetonitrile at 25 °C and the conductivity data
were analyzed by the Lee-Wheaton equation. The
analytical applications of the complexes of Mn , Ni , Co
and Cu with 1,10 Phenanthroline as aligand which have
vary wide applications in industry and have a biological
effects were studied by Lee-Wheaton equation to
investigate their behaviour of interaction by conductivity
[8].

Novel chiral complexes of tin have been synthesized
using amino acid as chiral auxiliary and 1,10
Phenanthroline,  3,7-  Phenanthroline  or  1,7-
Phenanthroline as asecondary Ligand, it has been found
that the complexes are non-electrolytic and are
octahedral in shape with a coordination number six
around the tin atom.

Also the complexes have been screened against a number
of fungi and bacteria to assess their growth inhibiting
potential.

In this work we have measured the electrical the
conductivity of [Mn(1,10 Phenanthroline) (H,O)]Cl; in
methanol-Water mixture at different temperatures (288 -
308 K). Lee-Wheaton equation is used to elucidate the
conductivity parameters A, ,Ka and R in the different
percentages and temperatures of the two solvents.

Experimental:

Preparation of complex:

Tetra aqua (1,10-phenanathroline) manganese (1)
chloride was prepared by mixing 2 mM of 1,10-
phenanthroline in 10 cm® of ethanol and 2mM of
MnCl,.6H,0 in 30 cm® of deionized water and refluxed
for about 45 min on a water bath. On cooling and adding
excess of absolute ethanol the complex was precipitated,
filtered then washed with ice cold 50% ethanol and then
recrystallized by slow cooling to 0 °C followed by
addition of excess absolute ethanol. The product was
dried under vacuum over anhydrous calcium chloride.
Magnetic  electronic ~ spectral,  (UV), infrared
measurements used for analysis of the complex and also
gas chromatography was used to determine water content
and other organic impurities.

Purification of solvents:

Methanol was purified and dried by the method
described by Perrin[9] conductivity water was prepared
by distilling twice distilled water with specific
conductance of 2 x 10° ps. Conductivity measurements
were made using Jenway PCM3 conductivity meter with
frequency range of 50 Hz-1KHz and accuracy of 0.01 ps.
The cell constant for the conductivity cell was measured
using the method of Jones and Bradshaw[10], 0.01 M
KCI solution was prepared from potassium chloride
(BDH reagent) recrystallized three times from
conductivity water and then dried at (760) Torr and 500
°C for 10 hrs[11]. The cell constant was checked
regularly and found to be 1.14 cm™,

General procedure:

A general method has been used for measuring the
conductance of the electrolyte. The conductivity cell was
washed, dried and then weighed empty and kept at any
temperature (£ 0.1 °C) using a water-circulating ultra
thermostat type VH5B radiometer. A certain amount of
solution was injected into the conductivity cell and the
conductivity of the solution was measured. Another
known amount of the solution was added and the
measurement was repeated as before. Generally(11)
additions have been made.



Results And Discussion:
Lee and Wheaton obtained an
unsymmetrical electrolytes of the form :

equation  for

A= A {1+Z 5 ox e, AL OEREL D )+ O EBkJﬂ -

- (Kr) I+ VV(ERI+ VO @k + O 8 ———— (11
AT +1)
With Aeguiv. = ZS: |Zi| miA; / C where S is the number of

=1
charged species , Zj , tj are the charges and transference
number of species j , p=¢”/DKT , K=(4H/DKT25: ny e’

j=1

and is proportional to the ionic strength , t = KR and t =
Fe/6IIn , n; is the molar free ion concentration of species
, C is the equivalent stoichometric concentration of the
electrolyte The plasma coefficients A, , B," ----etc. are
functions of KR and gp while the terms X,-P and gp are
functions of the limiting mobilities , the concentration
and charge on all ions present in solution.
All other terms are define in the original paper (Lee and
Wheaton 1978).
This equation has been tested extensively in both
aqueous and non-agueous system and provide a
satisfactory explanation of the conductivity behaviour of
a variety of system.
For an unsymmetrical electrolyte MX, ionizing into M**

and X7, The possible association equilibria are :

1
M +X e ME ... (D)

MI +X _KS mx U |

This, three ionic species are present in the solution which
are M*, MX and X"
Thus for 2:1 associated salts

AME.= 2 A, e Ao EUER my e (#)
where R is the average center to center distance for ion
pairs.

The input data to the computer program are solvent data
(Temp.T , Dielectric constant D and Viscosity 1 ), the
charge Zi and ionic mobility A;° for each ionic species ,

KO, K@, )° ALz, and R all in the form

mMx~ '
K mm - K@ 20 A KD etc, then the
experimental  data

(molecular  concentration and
equivalent conductance) . This program is used to

determine values of K&, K, A° ~, A%, , R where

R is the average center to center distance for the ion
pairs, a multi parameter "Least square" curve-fitting
procedure is used to give the lowest value of curve fitting
parameter. o(A) between the experimental and calculated
points. An iterative numerical method which was found
to be very successful has been used to find the minimum
o(A)

NP 1/2

2

oA = Z(Acalc. _Aexp.) /NP

n=1
Table (1 A-D) Shows the molar concentration and
equivalent conductance of

[Mn(phen)(H,0)4]Cl, in different percentages and
temperature of methanol-water and figure (1,A-D)
illustrates the relation between them.

Table (1-A)
Lemiequiv?)  with
[Mn(phen)(H,0),]Cl, in

The equivalent conductivities (Q
molar  concentration  for
100% methanol at different

temperatures
Conc.
% 10°M T=288K | T=293 K | T=298 K | T=303 K | T=308 K
1.960 YYYV,E€A Yoo,q0A YoA, oV YoA, oV yo.,yay
3.846 Yov,avy [ Yoo, 1uy | Vew,aVA | VoA Yoo | You, . tA
5.660 Y44,v\1 Yeo,\v1 Yoo,V Voo,q0A VYéd,011
7.407 Y4A,97A Yo£, AT Yoy, v) Yoy, AV YEA,00Y
9.909 YAY,V .4 Yoy, VR Yoy,v¢ VoY, YVY VEV,AE)N
10.714 YAY,¥a1 Yoy, V¢ VoY, ¥ Yoy, 1 1¢ Y£,9¢Y
12.228 VYA, 07 ¢ 169,4¢. Yoy, ¢ 1£4,Yva VEg,4YY
13.793 YVTLATA 1£4,¥v4 YoV, VA VEAEE8 VEV,Y A
15.254 YVE, YN Y£9,¥YA Yo.,00Y YET,AA Y£Y,4v¢
16.666 YYY,TYa VEATY € Y EA, VY Y§0,YTA Ye.,Ved
18.032 Ve, ¥ YEV,FoF | VeV, FY | VEY,AV)Y Ye,001
19.354 YYe,0V¢ YETU,AA VYéo,rY1 YEY,YT. YY4,v4¢
20.634 YA, ¥YA Y£0,A% VE£,06A YELAVA VYA, EAT
21.875 1Y, V1 Y¢o,0va VeV, N0 Y Y4,7TVY VYV, 0A0
23.076 Yov,AV1 VEE,YY VeY,ave YYAALY YYTL,YY

Table (1-B) : The equivalent conductivities (Q
! em?.equiv™) with molar concentration for
[Mn(phen)(H,0),]Cl, in 90% methanol water mixtures
at different temperatures

floonfM T=288 K | T=293K | T=298 K | T=303 K | T=308 K
1.960 yav,ava Y10,4A¢ V14,0V VA, €08 YIAY Y
3.846 YAL,TAT | V10,£7Y | VaV,A7% | VTA, A | VA, -1
5.660 YAV,Y .Y Yie,YAT VIV, YA Vv, avyY YAV,AE¢
7.407 YAE,TA. | V1£,999 | 176,044 | VT7,4VE | VY, VVR
9.909 YA, TAS Y1E,aY YTE,FRY | Ve, YAy | yav, e
10.714 | VAY,4€€ | VT, €0Y | VIY,VAY | V10,0AT | 1aT,4A)
12.228 | YAY,+10 | YRE % | V1), EYE | ViE,.¥4 | yan,ova
13.793 | YAY,++F | VIT,NEY | VN, YEY | NAY,E.Y | V3T, TY
15.254 YA, A0¢ ARARELN VoA, VY AR RIRE-AY YT,V
16.666 | YA AYY | Y1.,00Y | Yoo,vef | VoA, ..f | ViY,Y%.
18.032 YA A E VoA,V yoy,vYye yoVv,Yvy Yo, Yy
19.354 YAL,YYE Yoy, ¢ Vé1,Y.0 Yoy, v You,Y A
20.634 YAGY Y YEY,YVY yy1,40¥ YEg,00) YEV, VY
21.875 YVA,YVY ARXFLRNY YYo,04Y Yéo, 00 YYo,av1
23.076 YVA,YYE YYALYY YYe,000 yY¥1,1ve VY o ,ANT

Table(1-C) : The equivalent conductivities (€
! em?.equiv™®) with molar concentration for
[Mn(phen)(H,0),]Cl, in 80% methanol water mixtures at
different temperatures

Cxofg: T=288 | T=2093 | T=208 | T=303 | T=308
iy K K K K K
1.960 YOEVIT | VLYYT | YA | VeATY | Y, Y.
3.846 Yeg,Voi ),V \ARAMAR YA, 0y YY), YAL
5.660 Yo¥,000 | Ye0,4YY | VV),4+A | VYeATYE | V), Yan
7.407 YeY,YY Y0, YA \RRIRAR YaV,veld YYe,YA0
9.909 YOTLXAY | V0, A | VY, ETT | VLV, YAY | 1ea,an)
10.714 YeY,YYA Yeo,Y A ARRIRERY Yy a1,40¢ Ye4,0¢A
12228 | VY, A7 | Ye£,70Y | VY, VVY | V.T,AVT | ).4,va0
13.793 | Y+ ,8%A | Vev,Va. | MV, ¥Ye | VLFVA | Va4,V
15.254 Yeu,0VV yeY,TeY Y «d,1Y0 Y«0,VEA Y«4,)Y
16.666 49,17A Yo,V VYed,ee Ye0,EAY Yed,0 )
18.032 A, 01 Yoo,y Y A, 0% YL¥,YVo Y A VAY
19.354 30,47) 99,A0A V1,08 | VeY,YYE | Y.A,007
20.634 qY,Yo4 v, vy Ye£,70Y | VeY,AT | Y.v,vod
21.875 q.,14¢ 90,4.Y YAY,VVE | VoY, VVE | Ye0,0AT
23.076 A, Yo 9E,Y)Y Yoo VVR | Y., vva | Yer,aen




Table(1-D): The equivalent conductivities (Q
em?equiv?)  with  molar  concentration  for
[Mn(phen)(H,0)4]Cl, in 50% methanol water mixtures at
different temperatures

Conc.

% 10°M T=288 K | T=293 K | T=298 K | T=303 K | T=308 K
1.960 AT, VYA AV, YVLVAT | Va0 | Y,V
3.846 AT, TaT AV, EAY YAT,XVo | V.a,YEY | V1v,ueY
5.660 A%,0VT INELR YAV,YYE | Va0 | Y, n
7407 AT,oeT ALAYT | VeY,38. | VA AE | VT, AAY
9.909 AT,YAY AT, A€ YOY,VA. | VeAYST | T8
10.714 | As,avn ISWIE YOLAYY | VAT | Ty
12028 | As,\vv NO,0EA | Ve, AAY | VoA EY. | VVo,af.
13.793 | Af,vo¥ AE,YOY Yoo FA | VY | Vo,V
15054 | Ag,\e. AV, VY4 a3, A0 Yom, YA | Yo,e1n
16.666 | AY,e1v AY, TR 94,7 | 1+0,7.A | VYo,£¢4
18.032 | AY,e). AY, YA CERE Y. o,YYY | V1o, vve
10.354 | AY,veR W I1,9AY | V+0,YV+ | VVo,04Y
20634 | AV, Yivr YO, YYA 90, £VY Y6, Y0, | V1£,Y9)
21.875 | YV,&1n | <o,ov. TE,YI4 | VY,VVE | )T,ov
23.076 TA,490Y Y, EY) ¢,YEA YaY,) e MY,
-+~ Tw2IEB K o T3 K & Te298 K - TeI3 K e Te308 K
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Fig (1-B) :The plot of m der conductvities against Square 1001 of coacentration
for Min(pherdH2OWIC 12 in 20% methanol- waler mixtizes o different temperstures
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Fig (1-C) :The plot of molar con@uctivities agienst Sguare root of concentsstion
for MadpheeyH 00011 10 20% methanc- water michares af different temperetusres
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Fig (1-D) :The plet of solar condorlivities sgendt Sgue tool of concestsatuon
for Melphen(HyOM 01 in 50% methanc-water mixtuces o different temperabizes

From tables 1A and 1B the equivalent conductance in
general is high than that of tables 1C and 1D because of
low values of viscosity and decrease in 100 % and 90 %
methanol with temperature due to the decrease in
dielectric constant with increasing temperature . While in
tables 1C and 1D the equivalent conductance generally is
lower than tables 1A and 1B because of viscosity effect
of the mixed solvent.

Table (2) show the results of analysis of conductance
data by using Lee-Wheaton equation

Table (2): The results of analysis of conductance of
[Mn(phen)(H,0),4]Cl, in different percentage and

temperatures of methanol water using L —W equation
100 % Methanol
Temp. KA ;"M+2 )\‘MX+ R (AO) (9
288.15 | 1100 | 170 | 1.0 70 0.039
293.15 | 1050 | 150 | 1.0 70 0.062
298.15 | 1030 | 140 | 1.0 70 0.055
303.15 | 1000 | 130 | 1.0 70 0.046
308.15| 950 | 120 | 1.0 70 0.049
90 % Methanol
288.15 | 450 | 150 | 1.0 69 0.023
293.15| 500 | 130 | 1.0 69 0.057
208.15 | 510 | 120 | 1.0 69 0.087
303.15 | 550 | 115 | 1.0 69 0.049
308.15 | 560 | 110 | 1.0 69 0.093
80 % Methanol
288.15| 970 | 80 | 1.0 69 0.052
293.15| 960 | 70 | 1.0 69 0.040
298.15| 950 | 60 | 1.0 69 0.047
303.15| 920 | 55 | 1.0 69 0.034
308.15| 900 | 50 | 1.0 69 0.047
50 % Methanol
288.15 | 1200 | 50 | 1.0 70 0.018
293.15 | 1110 | 45 | 1.0 70 0.054
298.15 | 1100 | 39 | 1.0 70 0.044
303.15 [ 1070 | 35 | 1.0 70 0.059
308.15 | 1050 | 30 | 1.0 70 0.066

The results show that this complex is associated to form.
MY+ i 1Tee

or
M phen)(H20)4] " + CT° [MnpherHa0C1] (5
From table (2) the values of 1% is the highest in pure

methanol and decrease with decreasing methanol
percentages this can be attributed to the effect of the




viscosity which play an important role. Similar
observation have also been noted for some electrolytes in
other mixed solvents [12] and this may be attributed to
the selective solvation of ions besides the solvodynamic
viscous force[13].

Mux is almost constant and Low value because of
formation of Large ion and more stable than the other
ions( M?*, X) .

Table(2) shows the results of analysis of conductance
data by using L-W equation.

The values of K, decrease with increasing temperatures
because of the short range interaction and the hydrogen
bond formed at Low temperature further more K, values
increasing as methanol percentage decrease which means
increasing formation of hydrogen bonds and increasing
association except for 100 % there is an increase of Ku
value which may be due to the polarity of the H-bonding
of the solvent.

The result of distance parameter R are high because of
the isolated cation which tend to surrounded by extensive
solvent shell which gives rise to repulsive force between
the ions when they come in to close proximately and
because of ion-dipole-ion forces will be significant to
form solvent separated ion pair [14]. The small values of
o(A) give an indication of good best fit value (less than
0.1).

In order to analysis the structural changes of the solution
when varying the solvent composition figure (2) ., the
Walden product (A, n,) for the media represented as a
function of the reciprocal dielectric constant 1/D at
298.15 K as an example.

-
08 4
L 0B
P
02 4

0 : : : .
0 0.01 0.02 0.03 0.04
1D

Fig(2) : Walden product (4 mo) for the complex inmethannl —vwrater
mixture versus /D at 298 15

From this figure it is clear that the Walden product is not
constant , the variation is due to the electrochemical
equilibrium between ions and the solvent molecules with
the composition of the mixed polar solvent [15].

The standard enthalpy of the ion association reaction
(AH) are evaluated by the following

LnK=-AH/RT +C,

Fig(3) show the plot of Ln K versus 1/T which is a linear
relation .

The entropy of ion pair formation is a linear combination
of two variable

AS=(AH° - AG") /T

Gibbs energy estimated from the relation

AG® =-RTLnK

+100% =90% 480%  x50%
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71 p— % Y —
« 65 1 -
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32 325 33 335 34 345 35
UT (K) = 1073

Fig(3) : The plot between Ln K against (1/T) for the complex
at different solvent com position

Result of the calculation are gathered in table (3). It is
well known that addition of an electrolyte to a solvent
causes some structural changes due to the rupture of the
bonds between solvent molecules from one side and to
the interaction of ions with each other and with solvent
molecules from the other side [16]. The negative entropy
provides a good indication of ionic association which has
an ordering effect on the solution. The solvation effect
may exert on the solution structural in the same manner
leading relatively to decease in the entropy as
temperature increase and decrease with increasing water
percentage [17].

Table(3) : Thermodynamic parameters (AH, AG, AS) of

the complex in different solvent
composition.
% Methanol AG° AS° AH°
(Kcal/ mol) | (Kcal/mol) | (K cal/ mol)
3.995 982
4.037 1024
100 % 5.864 2851
Methanol 4.145 1132 -7.011
4.183 1117
3.485 1505
3.606 1626
90 % 3.680 1700
Methanol 3.786 1806 4.606
3.860 1880
3.923 -1522
3.985 -1460
80 % 4.047 -1398
Methanol 4.096 -1349 -12.666
4.150 -1295
4.045 -3379
4.070 -3354
50 % 4.134 -3290
Methanol 4.186 -3283 -17.183
4.244 -3180

The enthalpy of activation according to the activated
complex theory is a result of the energies being expended
for the destruction of solvent-solvent bonds and the
formation of solvent ion bonds. As can be noticed from
table (3) , AH decreases with increasing water percentage
due to the broken of ion-ion bond in solution as a result
of increasing dielectric constant of the solvent [18].
Finally the values of AG are negative which indicate the
reaction is spontaneous.
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