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Abstract: Interactions of nano cobalt chloride in the absence and presence of Schiff base ligands
derived from 4,6-diacetyl resorcinol are studied thermodynamically in mixed binary solvent (DMF-
H20). The organic ligands are nominated as EAH2DAR and O-PhenH2DAR. The nano cobalt chlo-
ride was characterized by the TEM tool. The calculated parameters depend on the conductivity of
solutions measured at different temperatures and concentrations. The study was done at 298.15,
308.15, 318.15, and 328.15 K in various concentrations of a mixed solvent of dimethylformamide and
water. The association parameters such as the enthalpies, entropies, free energies of association,
degree of association, and association constant were calculated in the absence and presence of Schiff
base ligands. The results showed the strong electrolyte behavior of nano cobalt chloride in the ab-
sence and presence of organic ligands. The interactions between cobalt species increase after adding
Schiff bases ligands where the degree of dissociation decreases in the presence of ligands. Small
values of degree of dissociation and s of molar conductance show that the interactions increase in
the case of O-PhenH2DAR than EAH:2DAR ligand. The solution of nano cobalt chloride salt with O-
PhenH2DAR has the highest values of association constants and more negative Gibbs free energies
at all temperatures and concentrations used.

Keywords: Schiff base complex; association parameters; (DMF-H:0) binary solvent ; Nano cobalt
chloride;

1. Introduction

Most Schiff base ligands have attracted scientists because they form complexes with
high efficiency with transition metals [1-4]. It's found that Schiff base derived ligands can
be used in a wide variety of processes, therefore synthetic chemists used it in many pro-
ductions as the transformation of hydrocarbons by a catalyst into useful oxygenated de-
rivatives as alcohols [5-11]. The complexation between Schiff base ligands and the metals
nowadays has got a lot of interest because of their several applications such as agricultural
applications as pesticidal and insecticidal, also can be used in dyeing, in the catalytic pro-
cess, food industry and other environmental applications [12-15]. In fact, 4,6-diacetyl res-
orcinol (H2DAR)-based symmetrical [16-20] and asymmetrical [21-23] Schiff bases have
been successfully constructed. Complexes of these Schiff bases are distinguished by their
fascinating chelating modes and biological uses [20-22].

Cobalt(Il) chloride has different forms according to the amounts of water it has, and
the most known form is CoCl2.6H20. The main use of cobalt(Il) chloride hexahydrate is as
an intermediate in the manufacture of other cobalt salts. Cobalt chloride has many usages
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such as with the patients with anemia to improve hematocrit, hemoglobin, and erythro-
cyte values also in the preparation of catalysts, for painting on glass and porcelain, as a
fertilizer additive, as a trace mineral supplement in animal feed [24,25]. Cobalt chloride
(CoCl2) has been used for many applications. These applications are like electrodeposited
alloy to prevent corrosion and cutting tools. Cobalt chloride can be used in computer
memory devices, preparation of vitamin B2 and for painting on glass, in addition to its
usage in manufacturing other cobalt compounds [26-30].

Cobalt complexes of Schiff base ligands were characterized by analytical techniques
and examined for their antimicrobial activities [31-33]. In general, the transition metal
complexes of Schiff base are biologically more active than the parent Schiff base [34,35].

The determination of association thermodynamic parameters has multiple usages
such as to learn more about the solution. For example, the association constant calculation
indicates the tendency of the salt and ligand to get together in addition to calculating the
degree of dissociation that supports the results. Furthermore, determining the free energy,
entropy, and enthalpies of association aids in several ways as illustrating the relationship
between the system and the surrounding which therefore can be applied in chemical en-
gineering, material science, pharmaceutical field, and others [36—40].

The aim of the work is to study thermodynamic parameters of association for nano
cobalt chloride in absence and presence of polydentate Schiff bases; EAH2DAR (Scheme
1) and O-PhenH:DAR (Scheme 2) using conductometric measurements in DMF-H20
mixed solvent. This study undergoes the effect of different temperatures and concentra-
tions of DMF-water solvent to show their effect on the interaction of cobalt salt with Schiff
base ligands in the solution.

HO HQ o OH
N N
K/ N Y \)
T, | [

Scheme 1. Structure of EAH2DAR ligand. EAH2DAR is the code name of the ligand; 4,6 bis(E)-1-(2-
hydroxyethylimino)ethyl)benzene-1,3-diol.

CH, CH,
S
HO OH NH,

Scheme 2. Structure of O-PhenH2DAR ligand. O-PhenH2DAR is the code name of the ligand; 1-(5-
(1-(2-aminophenylimino)ethyl)-2,4-dihydroxyphenyl)ethanone.

2. Experimental
2.1. Materials

The materials used are hydrated Cobalt chloride, N,N-dimethylformamide and dis-
tilled water. Cobalt chloride and DMF are obtained from Merc company and the purity is
99.2% and 99.8%, respectively. 4,6-Diacetylresorcinol, EAH:2DAR and O-PhenH2DAR
Schiff base ligands were synthesized previously by one of the authors [19,21], respectively.
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2.2. Preparation and Measurement

Different solutions of nano cobalt chloride, EAH2DAR and O-PhenH2DAR Schiff base
ligands are prepared in (10%DMF-90%H:0, 20%DMEF-80%H20, 30%DMEF-70%H:0,
40%DMF-60%H20) separately. The concentration of salt and ligands are 1 x 10* M and 1
x 10 M respectively. The solution of each ligand was added to the cobalt (II) chloride
solution individually drop by drop and measuring the conductivity each time of the mix-
ture [42,43] The measurements were carried out for each molar ratio of the mixed solvent

(water-DMF) at 298.15, 308.15, 318.15 and 328.15 K. JENCO—3173 COND conductivity
bridge was used with Ken equals one.

3. Results and Discussion
3.1. X-ray Diffraction

The x-ray diffraction of nano cobalt chloride is shown in Figure 1 shows peaks located
at 15.82°, 17.86°, 31.55°, 33.05°, 35.01°, 37.37°, 43,57° and 48.78°, which are related to hy-
drated cobalt chloride. The value of the average crystal size was estimated using Scherrer
equation [44]. The calculated average crystal size is 55.18 nm.
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Figure 1. The X-ray diffraction of nano cobalt (II) chloride.

3.2. TEM Images

The TEM images of nano cobalt chloride in Figure 2 were obtained in ethanol by
using JEOL-HRTEM-JEM2100 type (JAPAN). TEM images showed that nano cobalt chlo-
ride formed small, distorted spheres. The diameters of spheres are in the range between

6.98 nm to 9.12 nm. The obtained nano sized salts are due to the grinding using of a ball
mill.
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Figure 2. TEM images diffraction of nano cobalt (II) chloride.

3.3. Molar Conductance and Limiting Molar Conductance

The measurement of molar conductance and limiting molar conductance was done
for nano cobalt(Il) chloride in absence and presence EAH2DAR and O-PhenH2DAR Schiff
base ligands. The calculation takes place in different (v/v%) ratios of binary solvents
(DME-Water).

Molar conductance values depend on the specific conductance of solution, specific
conductance of solvents and the concentration of salts were calculated by Equation (1):
[45,46]

Am= (Ks - Ksolv) Keent x 1000 (1)

C

where Am is molar conductance, Ksolv is specific conductance of solvent, Ks is specific con-
ductance of solution and C is the molar conductance of the solute [47,48]
The degree of dissociation was calculated using Equation (2) [49]:

& = Am S(Z)/ Ao @)

where S(Z) is Fouss-Shedlovsky constant. The value of Fouss—-Shedlovsky constant is
equal to the unity for strong electrolytes.

Molar conductance, limiting molar conductance and degree of dissociation for nano
cobalt chloride in absence and presence EAH:2DAR and O-PhenH:DAR ligands are shown
in Tables 1-3, respectively.

Table 1. Molar conductance (Am), limiting molar conductance (Ao) and degree of dissociation (a) of
nano cobalt(II) chloride in the absence of ligands at different temperatures.

T(k) Mole Fraction of DMF Am (scm? mol-?) Ao (scm? mol-?) a
0.0252 1202.02 3100 0.3871
298.15 0.0551 1000.12 2700 0.3704
0.0909 850.32 2400 0.3542
0.1346 804.05 2390 0.3347
0.0252 1300.13 3150 0.4127
308.15 0.0551 1092.04 2750 0.3964
0.0909 1005.23 2700 0.3704
0.1346 900.41 2600 0.3462
0.0252 1550.02 3550 0.4366
318.15 0.0551 1404.16 3350 0.4179
0.0909 1250.38 3200 0.3906
0.1346 1051.15 2900 0.3621
328.15 0.0252 1632.43 3550 0.4592
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0.0551 1503.06 3450 0.4348
0.0909 1400.57 3400 0.4118
0.1346 1202.12 3200 0.3750

Table 2. Molar conductance (Am) and limiting molar conductance (Ao) and also degree of dissocia-
tion (a) of nano cobalt (II) chloride in the presence of EAH2DAR ligand at different temperature.

T(k) Mole Fraction of DMF Am (scm? mol) Ao (scm? mol-?) o
0.0252 2350.01 8300 0.2831
298.15 0.0551 2103.45 8000 0.2625
0.0909 2009.72 7940 0.2519
0.1346 905.16 4200 0.2143
0.0252 262.02 8600 0.3023
308.15 0.0551 2300.33 8200 0.2805
0.0909 2151.12 8150 0.2638
0.1346 1054.03 4450 0.2360
0.0252 2703.34 8650 0.3121
318.15 0.0551 2511.02 8500 0.2941
0.0909 2350.52 8450 0.2781
0.1346 1212.01 4850 0.2474
0.0252 2850.36 8900 0.3202
308.15 0.0551 2604.15 8600 0.3023
0.0909 2509.10 8550 0.2924
0.1346 1502.22 5500 0.2727
Table 3. Molar conductance (Am) and limiting molar conductance (Ao) and also degree of dissocia-
tion («) of nano cobalt (II) chloride in the presence of O-PhenH2DAR ligand at different temperature.
T(k) Mole Fraction of DMF Am (scm? mol?) Ao (scm? mol-?) a
0.0252 851.23 3250 0.2615
298.15 0.0551 572.03 2400 0.2375
0.0909 475.10 2300 0.2065
0.1346 302.45 1650 0.1818
0.0252 950.35 3350 0.2836
308.15 0.0551 754.01 3100 0.2419
0.0909 581.22 2700 0.2148
0.1346 352.14 1850 0.1892
0.0252 1041.20 3550 0.2930
31815 0.0551 783.55 3150 0.2476
0.0909 660.13 2950 0.2237
0.1346 461.72 2250 0.2044
0.0252 1122.05 3600 0.3111
308.15 0.0551 904.33 3450 0.2609
0.0909 691.24 3000 0.2300
0.1346 613.09 2800 0.2179

The interactions increase after the addition of Schiff bases ligands in which the degree
of dissociation decreases in presence of ligands. Small values of degree of dissociation and
small values of molar conductance show that the interactions increase in case of O-
PhenH:DAR than EAH>DAR ligand.
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3.4. Molar Conductance and Concentration of Cobalt Salt

The relation between molar conductance and square root of concentration of nano
cobalt salt are studied in absence and presence of ligands at different temperatures 298.15,
308.15, 318.15 and 328.15 K.The relation between molar conductance and C!2 are shown
in Figures 3-5 in which series 1: 10% DMF-90% water, series 2: 20%DMF-80% water, series
3: 30%DMF-70% water and series 4: 40% DMEF-60% water. The limiting molar conductance
is calculated from the extrapolation of the lines.
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Figure 3. Relation between Am and C'2for nano cobalt (II) chloride in absence of ligands at different

temperatures.



Chem. Proc. 2024, 6, x FOR PEER REVIEW 7 of 13

Oseries 1
oseresl Beries 2
Sseries 2 Aseries 3
Asesles3 ®serksd
®eries

-\“\\.\_‘Q:

\
h T o

Am
SEEEREEEERE

™
§.§§§§§§§§§

.\‘\\ \

0.00785 0.0079 0.00795% 0.008 0.00805 o.o0e 0.00815 0.0052

|
;
§
;

0.coa 000805 CO0081 000815 00082

c”2 c'?

- o
A:at298.15°K B: at 308.15 °K

Oseries 1
mseries 2 2000 © series 1
Asesies3 o series 2

- . Aserles 3

.., = %‘“‘

Ao
SEEEERERRE

S
200
“©@wo
400
00078 000735 00079 000795 0008 000205 Q0081 000815 00082 0.0073 0.00785 0.0079 0.00795 0.008 0.00805 00081 0.00815 0.0082
1/2
cr Cc¥

C:at318.15°K D:at 328.15°K

Figure 4. Relation between Am and C'2for nano cobalt (II) chloride in presence of EAH2DAR at
different temperatures.

©series 1
©seres 1

“o0 700 Bsenes 2

@series 2

Aseries 3
Aseries3
Wiores &
s00
\ ®seren d 00 \

—a
200 200
P
100 = od 200 L : =
100
©0.00785  ©0.007% 0.00793  0.008  0.00805 0.0081 0.00813  0.0082 0.00785  0.0073  0.00795 0.008 ©.00805  ©0.0081  ©.00815  0.0082
cv2 ci2
B: at 308.15 °K
A:at 298.15° K
Oserms 1
s00
00 ©series 1 Sseres 2

Aseres3
2
Sseries 200 )
700 Aseress ®series 4
®sares 4
600

An
8

A
§

=
300 300 .
- -
200 v 200
100 100
G:00FSTE GSOGFS: UGS  O-UGA: DGOSGSI CUSOSBR SOCOOEAESLO-0bhx 0.00785 ©0.0079 0.00795 0.008 0.00805 0.0081 0.00815 0.0082

CVE cvz2

C:at 318.15°K D:at 328.15°K




Chem. Proc. 2024, 6, x FOR PEER REVIEW

8 of 13

Figure 5. Relation between Am and C'?for nano cobalt (II) chloride in presence of O-PhenH2DAR at
different temperatures.

Straight lines were obtained at all temperatures and concentrations of mixed DMEF-
water solvents showing strong electrolyte behavior of nano cobalt chloride in the absence
and presence of ligands.

3.5. Thermodynamic Parameters of Interactions

Thermodynamic parameters of interactions; Ka, AGa, AHa and ASa are calculated
where Ka is the association constant, AGais Gibbs free energy, AHa and ASa are enthalpy
and entropy of interaction process respectively. Tables 5-7 show the interactions parame-
ters values in absence and presence of EAH:2DAR and O-PhenH2DAR with nano cobalt
chloride. To calculate interaction parameters, the following equations are used [50-56]

Ka = Ao (Ao = S(Z) Am) 3)

Cm Am? S(Z)?y=2
AGa=-RTInKa 4)

AGa = AHa — TASa 5)

Such that; Ao is limiting molar conductance, Am is molar conductance, S(Z) is fouss-
shedlovsky factor and vy:is the activity coefficient. AHais calculated from the slope of Fig-
ures 6 and 7 [57,58]

Table 5. Association constants (Ka), free energies of association (AGa), enthalpies of association
(AHA) and entropies of association (ASa) of nano cobalt(Il) chloride in the absence of the ligands at
different temperatures.

AGa AHa ASa
T(K) Xs of DMF Ka (k] mol-) (kJ mol-) TAS (k] mol- K)
0.0252 6.5114 x 104 —27.4750 -12.6349 14.8401 0.0498
298,15 0.0551 7.3069 x 104 -27.7607 -11.6342 16.1264 0.0541
0.0909 8.1964 x 104 —-28.0455 -10.7362 17.3092 0.0581
0.1346 9.4522 x 104 —28.3988 -7.9845 20.4143 0.0685
0.0252 5.4893 x 104 —27.9590 -12.6349 15.3241 0.0497
308.15 0.0551 6.1166 x 104 —28.2362 -11.6342 16.6020 0.0539
0.0909 7.3069 x 104 -28.6918 -10.7362 17.9556 0.0583
0.1346 8.6867 x 104 -29.1350 —7.9845 21.1504 0.0686
0.0252 4.7045 x 104 —28.4583 -12.6349 15.8234 0.0497
318.15 0.0551 5.3057 x 104 -28.7764 -11.6342 17.1421 0.0539
0.0909 6.3575 x 104 —29.2547 -10.7362 18.5185 0.0582
0.1346 7.7466 x 104 -29.7774 -7.9845 21.7929 0.0685
0.0252 4.0839 x 104 —28.9668 -12.6349 16.3319 0.0498
18,15 0.0551 4.7598 x 104 —29.3846 -11.6342 17.7504 0.0541
0.0909 5.5230 x 104 —-29.7903 -10.7362 19.0541 0.0581
0.1346 7.0752 x 104 -30.4661 —7.9845 22.4815 0.0685
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Table 6. Association constants (Ka), free energies of association (AGa), enthalpies of association
(AHa) and entropies of association (ASa) of nano cobalt(I) chloride in the presence of EAH2DAR at
different temperatures.

AGa AHa ASa
T(K) Xs of DMF Ka (kJ mol-1) (k] mol-1) TAS (kJ mol- K)
0.0252 1.8550 x 105 -30.0701 -7.9775 22.0926 0.0741
20815 0.0551 2.2202 x 10° -30.5156 -9.2090 21.3066 0.0715
0.0909 2.4459 x 10° -30.7555 -9.6344 21.1212 0.0708
0.1346 3.5495 x 105 -31.6787 -14.5268 17.1519 0.0575
0.0252 1.5834 x 105 -30.6731 =7.9775 22.6956 0.0737
308.15 0.0551 1.8971 x 105 -31.1362 -9.2090 21.9272 0.0712
0.0909 2.1944 x 105 -31.5092 -9.6344 21.8748 0.0710
0.1346 2.8468 x 105 -32.1759 -14.5268 17.6491 0.0573
0.0252 1.4645 x 105 -31.4620 -7.9775 23.4846 0.0738
318.15 0.0551 1.6927 x 105 -31.8450 -9.2090 22.6361 0.0711
0.0909 1.9362 x 105 -32.2005 —9.6344 22.5661 0.0709
0.1346 2.5501 = 105 -32.9290 -14.5268 18.4022 0.0578
0.0252 1.3751 x 105 -32.2791 -7.9775 24.3016 0.0741
1815 0.0551 1.5834 x 105 -32.6639 —9.2090 23.4549 0.0715
0.0909 1.7168 x 105 -32.8846 —9.6344 23.2502 0.0709
0.1346 2.0283 x 105 -33.3394 -14.5268 18.8126 0.0573
Table 7. Association constants (Ka), free energies of association (AGa), enthalpies of association
(AHa) and entropies of association (ASa) of nano cobalt(Il) chloride in the presence of O-PhenH2DAR
at different temperatures.
AGa AHa ASa
T(K) Xs of DMF Ka (kJ mol-) (kJ mol-) TAS (kJ mol- K)
0.0252 2.2395 x 105 -30.5370 -6.3774 24.1596 0.0810
29815 0.0551 2.8042 x 105 -31.0944 —-7.3913 23.7031 0.0795
0.0909 3.8592 x 10° -31.8860 -7.5601 24.3259 0.0816
0.1346 5.1341 x 10° -32.5936 -14.1927 18.4009 0.0617
0.0252 1.8480 x 105 -31.0689 —6.3774 24.6915 0.0801
308.15 0.0551 2.6866 x 105 -32.0275 -7.3913 24.6363 0.0799
0.0909 3.5297 x 105 -32.7268 -7.5601 25.1667 0.0817
0.1346 4.6991 x 10° -33.4600 -14.1927 19.2672 0.0625
0.0252 1.7089 x 105 -31.8703 —6.3774 25.4929 0.0801
31815 0.0551 2.5454 x 105 -32.9241 -7.3913 25.5329 0.0803
0.0909 3.2171 x 105 -33.5435 -7.5601 25.9834 0.0817
0.1346 3.9483 x 10° -34.0853 -14.1927 19.8926 0.0625
0.0252 1.4764 x 105 -32.4730 —6.3774 26.0956 0.0795
1815 0.0551 2.2530 x 10° -33.6261 -7.3913 26.2348 0.0799
0.0909 3.0194 x 10° -34.4249 -7.5601 26.8648 0.0819
0.1346 3.4185 x 10° -34.7636 -14.1927 20.5708 0.0627

The values of association constant and free energies enthalpies prove again the inter-
actions increase in presence of ligands especially O-PhenH2DAR. The solution of nano
cobalt chloride salt with O-PhenH2DAR has the highest values of association constants
and more negative Gibbs free energies at all temperatures and concentrations used.
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EAH2DAR ligand. Series 1: 10% DMF-90% water; Series 2: 20% DMEF-80% water; Series 3: 30% DME-
70% water; Series 4: 40% DMF-60% water.
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Figure 7. Relation between log Ka and 1/T for nano cobalt(II) chloride in absence and presence of O-
PhenH2DAR ligand. Series 1: 10% DMF-90% water; Series 2: 20% DMF-80% water; Series 3: 30%
DMF-70% water; Series 4: 40% DMF-60% water.

3.6. Relation Between Log Ka and 1/T

The relation between logarithm of association constant and 1/temperature before and
after addition of each ligand are shown in Figures 6 and 7.

Directly relation between log Ka and 1/T means negative enthalpies which mean that
the interaction process in absence and presence of ligand is exothermic process.

4. Conclusions

The behavior of the salt towards the association process increases after the addition
of ligands according to the following trend: Association of salt alone < association of salt
with EAH2DAR < association of salt with O-PhenH:2DAR. Different thermodynamic
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parameters indicate that the interactions in presence of O-PhenH2DAR are the highest and
this agreement with the steric effect of O-PhenH2DAR structure. These parameters are
small values of molar conductance, small values of degree of dissociation, more negative
free energies and highest association constants.
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