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ABSTRACT. For lump and nanocobalt sulfate (CoSO,) in pure water, the affiliation and thermodynamic
association characteristics were measured at 298.15, 303.15, 308.15, and 313.15 K. Based on the bulk and nano
CoSO4 molar conductance, estimates were made for the parameters of the solvation, such as the activity coefficient,
free energy of association, enthalpy of association, association constant, and entropy of association. We discussed
about each of these solvation parameters. Two stoichiometric complexes were formed by the interaction of bulk and
nano CoS0O4.7H,O with fuchsin acid: 1:1 and 1:2 In the case of 1:1 (CoSO,.7H,O/fuchsin acid) compared to 1:2
(fuchsin acid in pure water as solvent), the complex K¢ and AGg are higher, indicating simpler complex formation.
The temperature increase resulted in a drop in the formation constants. The complexation's negative AGy values
demonstrate that the process of complex synthesis was spontaneous and that the temperature improved the
spontaneity.

KEY WORDS: Molar conductance, Association constants, Fuchsin acid, Nano cobalt sulfate salt, Formation
constant

INTRODUCTION

An electrolyte solution's conductivity is an indication of how well it conducts electricity. Siemens
per meter (S/m) is the SI unit for conductivity [1, 2]. The quantity of ions in a solution may be
quickly, cheaply, and accurately determined using conductivity measurements in various
industrial and environmental applications [3-6]. For instance, one common technique for
monitoring changes in the effectiveness of water purification systems over time is the
measurement of product conductivity. One of the most precise physical methods for evaluating
the electrolyte of solutions is conductance measurement. Measurements of conductivity are
commonly utilized in industry. Water treatment is one of the most crucial applications since
untreated water from a lake, river, or the pipe is usually ineffective for industrial usage. If the
contaminants in the water are not removed, they will cause corrosion and scale in the plant's
machinery, especially in the boilers, cooling towers, and heat exchangers. There are numerous
methods for treating water, and each one has a unique purpose. Demineralization, or the
elimination of all or almost all contaminants, is frequently the intended outcome. In some
instances, the intention is to eliminate only a certain contaminant, such as hardness ions (calcium
and magnesium). Since conductivity measures the entire ion concentration [7, 8], analyzing
complexation processes in different solvent systems and interpreting them in terms of the solute
being solvated preferentially by one of the solvent components [9-11].

Water can demonstrate a broad range of relative permittivity (€), viscosity (1), and a strong
hydrogen bonding effect at various temperatures. The measurement of conductivity can be used
to investigate the various interactions between lump and nano cobalt sulphate alone and in
combination with fuchsin acid in water as a solvent at various temperatures [12]. One physico-
chemical method for analysing complexation processes is conductance measurement among metal
ions and ligands in solutions [13].
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In this work, calculations of conductivity were done utilizing lump and nano CoSO4.7H,0 in
H>O in the lack and in the presence of fuchsin acid. Cobalt compounds have received a lot of
attention lately because they perform a big part in a lot of biochemical processes and are used in
so many various industries including industrial and medicinal chemistry [13, 14].

Antibiotics, often known as antibacterial, are antimicrobial drugs that are used to treat and
prevent bacterial infections. These compounds may kill or inhibit bacteria. Only a few antibiotics
have antiprotozoal activity [16]. Acid fuchsine is a mixture of basic fuchsine homologues with
sulfonic groups attached. Fuchsine was first created in 1856 by Jakub Natanson using aniline and
1,2-dichloroethane. Additionally, it can be utilized to find bacteria that are multiplying.

One of the most well-liked research areas is the study of metal complexes. There has been a
lot of interest in complex formation. Some of the physicochemical methods that are applicable for
researching these complexation reactions include conductometry, calorimetry, cyclic
voltammetry, NMR spectrometry, and potentiometry. It is also possible to determine basic
thermodynamic characteristics such as enthalpy, entropy, and Gibbs free energy [17-19].

On the molar conductance (m) and the limiting molar conductance (A,), the effects of metal
salt concentrations and temperature were investigated. Additionally, it was discussed how each of
the aforementioned variables affected the values of the dissociation degree (o), Walden product
(AoMo), association, triple-ion association constants (Kp, Ka, and K3) and Gibbs free energies of
association (Ga) and transfer (Gy), as well as other thermodynamic parameters.

By conductometrically titrating Co*" solution with fuchsin acid solution in pure deionized
water at various temperatures, the complexation's formation constants and thermodynamic
characteristics were identified.

EXPERIMENTAL
Chemicals

At 298.15 K, improved water with a specified conductivity of 6 pS.cm™ has been used. Cobalt
sulfate heptahydrate (CoSO4.7H,0) was obtained from Sigma-Aldrich that was used directly with
no further purifying. Fuchsin acid (benzene sulfonic acid, 2-amino-5-((4-amino-3-sulfophenyl)
(4-imino-3-sulfo-2,5-cyclohexadien-1-ylidene)methyl)-3-methyl-, disodium salt)
(C20H17N3Na;04S;3, M.W. 585.533 g.mol ') was obtained from Oxford Laboratory and it was used
without purification.

Solutions

Distilled water was selected as the study's solvent medium. The physical properties, density (p),
relative permittivity (¢) and viscosity (1,) of water at temperatures 298.15, 303.15, 308.15 and
313.15 K were recorded in Table 1 [20]. By using the associations of these properties at the
accessible temperatures extracted from the cited references, the unknown quantities of the (g),
(o), and (p) were determined.

Table 1. The dielectric constant (g), and viscosity (mPa.s) at various temperatures of the utilized pure water

solvent.

Salt type T (K) Dielectric constant (g) Viscosity (n)/mPa.s
298.15 78.304 0.8903
303.15 76.546 0.7975

Bulk CoSO 308.15 74.828 0.7195
313.15 73.151 0.6532
298.15 78.304 0.8903
303.15 76.546 0.7975

Nano CoSO« 308.15 74.828 0.7195
313.15 73.151 0.6532

Bull. Chem. Soc. Ethiop. 2023, 37(3)



Parameters for the conductometric association for lump and nano CoSO4.7H20 791
Preparation of nano materials

Ball milling, a process for reducing material particle size, was used to create nano cobalt sulfate
(NCS). Bulk cobalt sulfate was ball milled to get nano cobalt sulfate. For two days, a ball-milling
device of the Retsch MM2000 swing mill was used to shatter bulk cobalt sulfate. Three stainless
steel balls with a diameter of 12 mm were used in the ball milling process along with stainless
steel tubes with a volume equal to 10 cm3. After a 20225 Hz at room temperature ball milling
procedure, the particles reach a nano size that requires examination with a transmission electron
microscope (TEM).

Transmission electron microscope (TEM)

To investigate nanoparticle size and morphology, TEM is a useful instrument. A high quality
down to a nano scale range was provided by TEM. With the help of JEOL-JAPAN2100, 200 kV,
1.5X.

TEM Images of nano salt

The part particle sizes of nano CoSO4.7H,0 are between 20 and 35 nm seen in Figure 1.

Figure 1. TEM image of nano cobalt sulfate.
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Conductivity measurement

Vision plus EC3175 conductance from JENCO For measuring the conductivity of sample
solution, a meter with a cell constant of 1.03 cm™ and a deviation of (0.1 ohm™.cm™) was
connected to an ultra-thermostat of type Kottermann 4130 (to maintain the temperature constant
at the appropriate value with a departure of 0.006 °C). Potassium chloride solutions were utilized
to calibrate the cell.

RESULTS AND DISSCUTION
Limiting molar conductance estimation

Experimental measurements of the specific conductance values (Ks) of solutions of various
concentrations of bulk and nano CoSQOj solution in water were made in both the lack and presence

of ligands at various temperatures (298.15, 303.15, 308.15 and 313.15 K). Eq. 2 was used to get
the molar conductance (Am) values [21-26].

— (Ks—Ksolv) - Kcell - 1000 2
A= ¢ 2

where K and K,y are the particular conductance of the solution and the solvent, respectively, and
Keen is the cell constant. C is the molar concentration of the metal salt solution.

Walden products of CoSOy solutions

The Walden product (Aon,) values were computed using solutions of CoSO4 in water at various
concentrations. From the perspective of ion-solvent interactions, the Walden product values
obtained from the limiting molar conductance values (A,), might be useful. The ratios of fluidity
were also calculated by using equation (3)

_ A,n (organic solvent)
- Aon, (in water) -

R«

The limiting molar conductance (A,) were estimated for bulk and nano CoSOs in water solvent in
the absence and in the presence of the ligand fuchsin acid by extending the linear Onsager plot
between A and (Ci)'? at various temperatures [23, 25] as shown in Figure 2 (a) and (b).

Association thermodynamic parameters of bulk and nano CoSOy in water solvent

A series of conductometric measurements was carried out using CoSOy in H,O in the absence and
in the presence of the ligand. The effects of metal salt concentrations, type of solvent used and
the temperature on the molar conductance (An) and hence the limiting molar conductance (A,)
were also studied. Moreover, the influences of all the above-mentioned factors on the values of
Walden product (Ao1,); degree of dissociation (a); dissociation, association, triple-ion association
constants (Kp, Ka and K3); Gibbs free energies of association (AGa) and transfer (AG;) were
discussed.

In absence and in the presence of fuchsin acid

Fuoss-Shedlovsky [22] extrapolation techniques were used to examine the experimental
conductance measurement data and arrive at the following equations:
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a1 i)
where S(Z)=1+Z+Z*2+Z%8+ ...... etc. 5)
andZ= S(A C)"* (6)
A

The Onsager slope (S) was calculated from the equation (6) using the value of (Ao):

S=ah, +b 0
where a = 8.2 x 10%/(T)*? ®)
b =82.4M((cT)"”? ©)

where the solvent's dielectric constant is (g), its viscosity is (1), and the temperature is (T). The
value of (S) was easily approximated using the values of (¢) and (n,). The values of the degree of
dissociation (o) were determined using the data of (Am), S(z), and (Aon.), using the equation:

(@) = "_mAi“) (10)

Using these (a) and (g) values, the mean activity coefficients (y:) were evaluated by means of
equation (11):

Z.Z_ AT (1
I+Br'\I

log y, =~

where Z., Z. are the charges of ions in solutions A, B are the Debye-Hiickel constant.

A =1.824 X 10° (¢T)** B =50.29 X 108 (¢T)"'?

and (r°) is the solvated radius. The association constant (Ka) for the reaction of the type

M™ + nX < [MX]

Is given by equation (12)
C[MX,,]'}/ [mx,]

C ool yyue C" "

X

Ka= (12)

The values of the dissociation constant (Kp) were quickly computed using the values of the
association constant (Kx), using the following equation:
Kp=1/Ka (13)

The values of the triple ion association constant (K3) were calculated by using the equation (14)
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The values of (Mo, Ao, A, C, S, Z, S(Z), v+, Ka, Kp, a and K; for the solutions of 10° M
concentration were calculated and are reported in Table 2 for bulk and nano CoSOs in water
solvent in absence and in the present of ligand fuchsin acid.
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Figure 2. The relation between (Am) and C'2 for lump and nano CoSOj in water at various
temperatures 298.15, 303.15, 308.15, 313.15 K (a) in lack of fuchsin acid and (b) in
presence of fuchsin acid.
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Table 2.Various solvation parameters: Ka, Kp and K3 for bulk and nanoCoSOs in water solvent in the absence
and presence of ligand (fuchsin acid) at various temperatures 298.15, 303.15, 308.15, 313.15 K.

T(K)| Salt 1021, Ao Am | Aono S Z S(z) o Ve Ka 10°Kp
type | (poise)

10°Ks

In absence of fuchsin acid

298.15| Bulk | 0.890 |379.08 | 291.83 [3.374| 147.71 | 0.0108 | 1.0108 |0.7782] 0.876 | 476.27 | 2.09

2.30

Nano | 0.890 |415.60| 326.23 [3.700 | 156.10 | 0.0105 | 1.0105 |0.7932|0.875 | 428.29 | 2.33

2.04

303.15| Bulk | 0.797 |420.75] 307.86 |3.355| 168.46 | 0.0108 | 1.0108 |0.7396| 0.875 | 620.26 | 1.61

2.99

Nano | 0.797 [442.57| 337.08 |3.529| 173.65 | 0.0108 | 1.0108 |0.7699| 0.873 | 508.59 | 1.96

2.43

308.15] Bulk | 0.719 |395.33 | 315.71 [2.844| 167.96 | 0.0120 | 1.0120 |0.8082] 0.872 | 385.55 | 2.59

1.83

Nano | 0.719 |446.07 | 354.02 [3.209| 179.83 | 0.0113 | 1.0114 |0.8027{0.872 | 401.81 | 2.48

1.90

313.15| Bulk | 0.653 |415.43] 322.59 |2.713| 178.63 | 0.0119 | 1.0120 |0.7858| 0.875 | 452.00 | 2.21

2.19

Nano | 0.653 |478.83| 363.01 [3.127| 193.28 | 0.0111 | 1.0111 |0.7666]0.877 | 516.09 | 1.93

2.50

In presence of fuchsin acid

298.15| Bulk | 0.8903 |3169.84]1190.57 [28.221| 789.23 [0.00145]1.001450.3761|0.9728|51250.580.0195

1.729

Nano | 0.8903 [2084.70( 1198.65 [18.560| 539.78 [0.00187[1.001870.5760(0.9664|15044.29|0.0664

0.722

303.15| Bulk | 0.7975 |3216.34[1191.036[25.650| 813.94 [0.00146|1.001460.3708|0.9727|53175.86/0.0188

1.767

Nano | 0.7975 [2174.57]1268.421{17.342| 572.27 [0.00191[1.00191 |0.5844/0.9659|14344.77|0.0697

0.694

308.15| Bulk | 0.7195 |3424.78|1265.88 [24.641]| 877.18 [0.00148|1.001480.3701]0.9725|53453.04| 1.870

1.771

Nano | 0.7195 |2239.29]1279.74 [16.111]599.648]0.00193|1.00193|0.5725|0.9659|15366.95| 6.507

0.734

313.15| Bulk | 0.6532 |3582.43|1324.78 |23.400| 930.63 |0.00150| 1.0015 |0.3703|0.9722|53415.21| 1.872

1.769

Nano | 0.6532 |2349.68| 1345.57[15.348/639.077]0.00196|1.00196|0.5737]0.9656|15272.59| 6.547

0.729

*Ao in (S cm?.mol ™), Amin (S.cm?mol™) and AGa in (kJ.mol™).

When fuchsin acid and bulk and nano CoSQOy interact in water solvent, the Ka decreases as
the temperature rises due to more complexation. We notice that temperature is inversely
proportional to Ka but directly proportional to Kp for bulk and nano CoSOs. Also Ka data in
presence of ligand fuchsin acid is higher than K4 data in absence of ligand fuchsin acid due to
more complexation reaction. With rising temperature association constant for bulk CoSO4 with
fuchsin acid is higher than association constant for nanoCoSO4 with fuchsin acid but dissociation
constant for bulk and nanoCoSOQsincrease with increasing temperature. Data of K4 for bulk CoSO,
with ligand fuchsin acid is higher than K, for nano CoSO, with the same ligand. Also data of Kp
for bulk and nano CoSO, with ligand increase with rising temperature leading to accepted
complexation process.

The dissociation constant for bulk and nano CoSO;, increase with rise in temperature due to
the increase in the dissociation degrees and more solvation but association and triple ion constants
decrease with rise in temperature due to the migration of ions outside the association field.

Association thermodynamic parameters of bulk and nanoCoSOy in water in absence of fuchsin
acid

The Gibbs of free energy change of association (AGy) of different concentrations of bulk and nano
in water were calculated [27] from the association constant (Ka) by using equation (15):
AGa = - 2.303 RT log Ka (15)

where R is the gas constant, T is the absolute temperature. The free energies change of transfer
(AG;) were calculated from (AGa) values, from water (w) as a reference solvent using eqn. (16):

AGL = AGA s~ AGA (W) (1 6)
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where AGa ) and AGa () are the free energies of association in mixed solvents and in water,
respectively.

The enthalpy change of association (AH,) for bulk and nanoCoSO4 was calculated for each
type from the association constants by using Van't Hoff equation (17)

dinK _ AH}

dT ~ RT2 (17
where R is the gas constant (8.314 J.mol'.K!) and T is the absolute temperature. By drawing the
relation between log K, and 1/T giving straight line with slope (-AH/2.303R) as shown in (Figure
3(a)) for bulk and nano CoSO; in water solventin absence of fuchsin acid.
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Figure 3. The relationship between Log K, versus 1/T by kelven for bulk and nanoCoSOs in pure
water solvent 9a) in lack of ligand fuchsin acid and (b) in the presence of fuchsin acid
as a ligand.

When fuchsin acid and bulk and nano CoSQOy interact in water solvent, the K, decreases as
the temperature rises due to more complexation. We notice that temperature is inversely
proportional to K4 but directly proportional to Kp for bulk and nano CoSOs. Also Ka data in
presence of ligand fuchsin acid is higher than K, data in absence of ligand fuchsin acid due to
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more complexation reaction. With rising temperature association constant for bulk CoSO4 with
fuchsin acid is higher than association constant for nanoCoSO, with fuchsin acid but dissociation
constant for bulk and nanoCoSOQsincrease with increasing temperature. Data of K4 for bulk CoSO,
with ligand fuchsin acid is higher than K4 for nano CoSO, with the same ligand. Also data of Kp
for bulk and nano CoSOs4 with ligand increase with rising temperature leading to accepted
complexation process.

From Table 2 the association constant values for CoSO, in absence of fuchsin acid are
decreasing with the rise of temperature giving more solvation but in the presence of fuchsin acid,
the association constant K4 values for bulk CoSO; is greater than nano CoSOy .

The entropies of association (ASa) for the electrolytes were calculated by the use of Gibbs-
Helmholtz equation (18)

AGa= AHa - TASA (18)

The calculated values of (AGa, E., AH4 and AS,) are given in Table 3 for bulk and nano in water
solvent in absence and in presence of fuchsin acid.

Table 3. Association thermodynamic parameters of bulk and nanoCoSOs in water solvent in absence and in
presence of fuchsin acid.

T (K) Salt type AGa Ea AHa TASA ASa
(kJ.mol™") (kJ.mol ™" (kJ.mol™") (kJ.mol! K) (kJ.mol ™"
In absence of fuchsin acid

298.15 Bulk -15.287 3.325 -9.760 5.526 0.0185
Nano -15.023 0.407 4.978 20.002 0.0670

303.15 Bulk -16.209 3.325 -9.760 6.448 0.0216
Nano -15.709 0.407 4.978 20.687 0.0693

308.15 Bulk -15.258 3.325 -9.760 5.497 0.0178
Nano -15.364 0.407 4.978 20.342 0.0660

31315 Bulk -15.920 3.325 -9.760 6.159 0.0193
Nano -16.265 0.407 4.978 21.243 0.0667

In presence of fuchsin acid

298.15 Bulk -26.886 0 2.026 28.912 0.0969
Nano -23.847 0 1.7485 25.595 0.0858

303.15 Bulk -27.430 0 2.0265 29.456 0.0971
Nano -24.127 0 1.748 25.875 0.0853

308.15 Bulk -27.895 0 2.026 29.922 0.0971
Nano -24.701 0 1.748 26.450 0.0858

313.15 Bulk -28.346 0 2.026 30.373 0.0969
Nano -25.086 0 1.748 26.834 0.0856

The activation energy of bulk CoSO; is less than activation energy of nano CoSOs so the
complexation is favor in the case of nano CoSOys increase of temperature is followed by increasing
in the Gibbs free energies of association AGa for bulk and nano CoSOs alone giving good
solvation process with decreasing entropies of that reaction since temperature is inversely
proportional to entropy of the reaction.

The chelation of CoSOy with fuchsin acid, the formation constant and thermodynamic variables

The experimental data of (Am) and (A,) were analyzed for the determination of formation
constants for each type of the stoichiometric complexes. The formation constants (Ky) for CoSO,
complexes were calculated for each type of complexes (1:2) and (1:1) (M:L) [28, 29] by using the

equations:

Bull. Chem. Soc. Ethiop. 2023, 37(3)
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M+ L ML2*
_Kf_‘
il
K
MX* + X MX,
[ML] AM— Aobs
= N 1
T7 MIL] ™ (Aobs— Amp[L] (19)
— _ AM- Aobs
(L] = €, — e = gt (20)

where Aw is the limiting molar conductance of the metal salt alone, Aqps is the molar conductance
of solution during titration and Awm is the molar conductance of the complex. The obtained values
Log(Ky) for the metal salt-ligand stoichiometric complexes are presented in Table 4 for bulk and
nanoCoSO4in water solvent.

The relationship among A, and the [M]/[L] molar ratio for bulk and nano CoSOj in presence
of fuchsin acid in H>O solvent as shown in (Figure 4(a) and (b)).

Increasing temperature is followed by rise in the molar conductance and limiting conductance
for both bulk and nano salt. All the molar conductances for bulk salt are greater than that of nano
salt due to the thermodynamic mechanism which increases by increase the size of the molecules.
The molar conductance for 1:2 complexes are greater than 1:1 complexes for bulk and nano salts
at all the used temperatures.

The Gibbs free energies of formation for 1:1 and 1:2 (M:L) stoichiometry complex (AGy) were
calculated [30-35] by using the equation (21)

AGr=-2.303 RT log K¢ (21)

The enthalpy (AHjy) for the metal saltcomplexes were estimated for each type of complexes, (1:2)
and (1:1) (M:L) by using van't Hoff equation:
dinKf _ AHP
Tar Rl 22)
where R is the gas constant and T is the absolute temperature. By drawing the relationship among
log K¢ and 1/T, various lines are obtained for the formation of 1:2 and 1:1 (M:L) stoichiometric
complexes for CoSO4 with fuchsin acid as shown in (Figure 5).

The slope of each line (-AH¢2.303R) can be used to determine Hf to every type of complex
based on the relationship among log K¢ and 1/T. Using the formula:

AG;= AH¢— TAS; (23)

here (S) is the entropy of the solution, the entropy (S¢) for complexes was estimated to every
type of complex (1:2) and (1:1) (M:L). And formation thermodynamic parameters (ASs, AGry,
TASt, AHy) have been arranged in Table 5.
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Figure 4. The relationship among A, and the [M]/[L] molar ratio for (a) bulk and (b) nano CoSO4
in the presence of fuchsin acid in water solvent at various temperature 298.15, 303.15,

308.15,313.15 K.

Table 4. Limiting molar conductance (A.), formation constant (Ky), for bulk and nano CoSOs—fuchsin acid
complex formation in water solvent at various temperatures.

T(K) ;i;l; ML | [L]x10° | [M]x10° (S nll\zior') (S.ng'jljol,l) Log K
Bulk 12| 952381 47619 3171.679 2034.774 4265

20815 1.1 | 9.09091 | 9.09091 2034.774 1190.574 4.964
Nemo |2 | 952381 | 4761 3218.544 2050209 4289

1.1 | 9.09091 | 9.09091 2050.209 1198.659 4.969

Bulk 12| 952381 47619 3259.641 2095.191 4259

0515 1.1 | 9.09091 | 9.09091 2095.191 1191.036 5.158
Nemo 12| 952381 | 47619 3306.506 2163.546 4203

1.1 | 9.09091 | 9.09091 2163.546 1268.421 4952

Bulk 12| 952381 47619 3500.455 2216.025 4309

30815 1.1 | 9.09091 | 9.09091 2216.025 1265.88 5.122
Nomo 12| 952381 [ 47619 347502 2224.845 4272

1.1 | 9.09091 | 9.09091 2224.845 1279.740 5.074

Bulk 12| 952381 47619 3644.655 2317.455 4294

31315 1.1 | 9.09091 | 9.09091 2317.455 1324.785 5.117
Nemo |12 | 952381 | 47619 3615315 2306.430 4284

1.1 | 9.09091 | 9.09091 2306.43 1345575 4982
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Figure 5. logKs vs 1/T for bulk and nano Co-fuchsin acid complexes (1:1) and (1:2),

respectively.

Table 5. Formation thermodynamic parameters for bulk and nano CoSOs—fuchsin acid complex formation in

H20 solvent at various temperatures.

o . AGt AHr TASt ASt

TER) | Salttype | ML T 5oy (kJ.mol"!) (kJ.mol ") (kJ.mol.K™")

T 24353 1.741 26.094 0.0875

20815 11 28340 21,205 27.135 0.0910

N |12 24.484 1878 26363 0.0884

11 28368 5.888 34257 0.1148

s L2 24726 1.741 26467 0.0873

11 29.940 21,205 28.734 0.0947

303.15 12 24399 1878 26278 0.0366

Nano 1:1 28.746 5.888 34.634 0.1142

Bk 12 25425 1741 27.167 0.0881

30815 11 30.226 -1.205 29.020 0.0941

oo 2 25209 1878 27.088 0.0879

11 29.942 5.888 35.831 0.1162

Bk 12 25751 1.741 27493 0.0877

31315 11 30.685 -1.205 29.430 0.0941

N |12 25.689 1878 27563 0.0880

11 29875 5.888 35.764 0.1142
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All the complex formation data are larger in forming 1:1 complexes are greater than that of
1:2 indicating the case of formation of the first. All complex formation data increase with rise
of temperature because of the increase in the kinetic energy. Also Gibbs free energy of complex
formation for both lump and nano CoSO,4 with fuchsin acid increase with rising temperature
leading to decreasing in entropy of that interaction and good complexation. All the entropy and
enthalpy data reveal that the interaction depend on the enthalpy and entropy changes.

CONCLUSION

The conductance measurement method in water solvent was also used to determine complex
thermodynamic parameters for bulk and nano-scale associations of CoSOy in the presence of
fuchsin acid. From the conductometric data, it was observed that two stoichiometric complexes
were obtained: 1:1 and 1:2 (CoSO4:fuchsin acid) from the interaction of CoSO4 with fuchsin
acid. In the case of 1:1 as compared to 1:2, the complex thermodynamic formation parameters
Krand Gyare larger. (CoSO,/fuchsin acid) complexes in water solvent for bulk and nano.
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