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Abstract
The molar solubilities for different samples of nickeloxide (NiO) in pure
dimethylformamide (DMF) were measured at 313.15, 323.15 and 333.15K. The used
NiO was prepared by different methods; precipitation (NPPT), using dimethyglycoxime
(NDMG), sol-gel(NSG) and by using urea (Nu).The samples have different morphological
structure. From the molar solubilities for nano NiO samples, the solvation parameters
such as, activity coefficient, solubilities products, Gibbs free energies of solvation,
enthalpies of solvation and entropies of solvation in DMF were calculated.

1. Introduction
The solubility of solutes in solvent has great importance in many industrial processes as
well as laboratory uses. The solubility of solutes in solvents depends primarily on solvation
of solutes or their constituent ions by the components of solvent mixtures
[1].Thermodynamic studies for different salts are important for evaluating the single ion
parameters which help in explanation of the preferential solvation of ions [2].
Thermodynamics help for removal of heavy elements using solvent extraction which
necessary to get rid of the hard ions [3].The aim of the work is to study the effect of crystal
aggregation of nano nickel oxide on the thermodynamic functions in solutions.

2. Experimental
2.1. Materials
Nickel nitrate Ni(NO3)2.6H2O was purchased from Oxford laboratory, Mumbai, citric
acid C6H8O7.H2O and nickel acetate Ni(CH3COO)2H2O were purchased from Arabic
laboratory Equipment Co. Dimethydioxime C4H8N2O4 was purchased from SD fine
chem. Limited Estate,248,worli Road,Mumbai.NiSO4.6H2O and urea NH2-NH2 were
purchased from EL-Nasr pharmaceutical chemicals Co. Egypt, Dimethylformamide
(DMF) pure from Aldrich was used without purification.
2.2. Synthesis of Samples
2.2.1. Precipitation Method
To 150 ml of NiCl2.6H2O solution 0.5M NH4OH was added slowly (approximately 30
min.) Under vigorous stirring at room temperature. Distilled water was used as a solvent.
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The solution was kept under stirring for 20-30 min. after
precipitation. The pH of the solution was determined using a
pH meter. The resulting precipitate was filtered and washed
with distilled water and ethanol. After dried at 105oC for 1h,
the precipitate was heated at 400oC for 4h.
2.2.2. Thermal Decomposition of Nickel
Dimethylglyoxime
6 mmol of dimethylglyoxime was dissolved into 25ml of
ethanol to give a homogeneous solution. Then this solution
was added drop wise into 25 ml aqueous containing 3 mm
NiSO4 under magnetic stirrer for 1h. Red flocculates of
nickel dimethylglyoxime were filtered, washed with distilled
water and absolute ethanol several times to remove the
impurities and then dried in an oven at 80oC for 4h. Finally,
the obtained nickel dimethylglyoxime precursor was heated
in air at 500oC respectively, for 4h to obtain NiO powders.
2.2.3. Sol-Gel Method
5.8gm of nickel nitrate and 4.2gm of citric acid were
dissolved completely in 100 ml of deionized water
respectively. The nickel nitrate solution was dripped in citric
acid solution. Then the mixed solution was heated at 70oC
with mechanical stirring for 18h.After the removal of water
through evaporation, the green gel was formed. Next, the gel
obtained was aged and dried at 110oCfor 24h; subsequently, it
was calcinedat 400 - 600oC for 4h.
2.2.4. Urea Method
Aqueous solution of NiSO4 and urea with 0.5mmol
concentration were mixed together,adjust pH at 6 with
diluted ammonia solution. Then the above mixture was added
into a glass reacting vessel and sealed. The reaction was
carried out with magnetic stirring and the temperature was
maintained at 95oC. After 6h,the reaction was stopped by
cold water. Finally, a kind of light green sediment was
formed. The precipitate was washed with distilled water and
acetone three times, respectively. After dried at 75oC for 12h,
the precursor was heated in air at 350oC for 1h to obtain NiO
powder.
Preparation of saturated solution and solubility
measurement for NiO in DMF.
The saturated solutions of different prepared samples of
nano NiO, prepared by precipitation (NPPT), prepared using
dimethylglyoxime (NDMG), prepared by using sol-gel method
(NSG) and by precipitation with urea (NU) were put in closed
test tubes containing DMF. The tubes were placed in water
thermostat for a period of four days till equilibrium
(saturation).The solubilities of NiO samples were measured
by taking 1ml of each saturated solution putting in small
weighed beaker (10ml) and evaporate under I.R.lamp till

dryness and then reweight [4.5].The molar solubilities for
nano NiO samples were calculated by subtracting the
evaporated weights from the empty beakers weights and
change the weight into molar concentration in liter.

3. Results and Discussion
3.1. Tem Images
Photographs were taken using JEOL-2010
The morphologies of NiO particles prepared by different
methods.The photographs clearly display morphological
structures depending on the preparation methods. The grains
are spheres , nanorods , nanoplates and flower structures with
particle size in the range of 3-40nm. The morphology of NSG
show spheres as shown in Fig (1) a consists of hexagonal
structure with particle size in the range 10-17nm.The TEM of
NDMG shows nanoplates structure for NiO with diameter~
30nm (b). Where the images of NPPT samples show
agglomerated nanoparticles appearing as flower (d) like
structure with particle size in the range 16-29nm.On the other
hand, the morphology of Nu shows separated spheres with
nanorods net structure observed (c). The particle diameter of
the rods is about 5 nm and their length about 40 nm. Sol-gel
method causes crystal growth and nuclei agglomeration to be
occurred and present close approaches of individual particles.

(a)

(c)

(b)

(d)

Fig. (1). TEM Images of nano NiO
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3.2. Zeta Potential Measurements

3.3. Size Distribution in DMF Solution

The zeta potential for NSG in pure DMF was measured and
found to be -6.65 mV indicating low solubility of nano NiO
and low association of the particles. The data are given in
Table 1. Also low conductivity value 0.0177 mS/cm indicates
low ability for ionization in DMF solvent. Similar trend can
be expected for the other samples. One peak was reported at 6.65 mV with area 100% and standard deviation 12.9 mV as
seen in zita potential chart for nano NiO in DMF.
Table 1. Molar solubility(SM), log activity coefficient (logγ±), solubility
product(pKsp) and Gibbs free energy of solvation (∆G) for different
morphological structures for nano NiO materials in DMF at 313.15K
NiO
NPPT
NDMG
NSG
NU

SM
0.0267
2.848*10-3
0.0401
9.6978*10-3

log γ±
-0.0827
-0.02701
-0.1013
-0.0498

pKsp
3.2296
2.4902
2.5911
3.9271

∆G(J/mole)
18.9383
14.6025
15.1943
23.0285

Table 2. Molar solubility(SM), log activity coefficient (logγ±), solubility
product(pKsp) and Gibbs free energy of solvation (∆G) for different
morphological structures for nano NiO materials in DMF at 323.15K.
NiO
NPPT
NDMG
NSG
NU

SM
0.0519
0.01338
0.0597
0.01063

logγγ±
-0.1153
-0.0585
-0.1236
-0.0521

pKsp
2.3390
3.5131
1.9536
3.7385

∆G(J/mole)
14.1544
21.2595
11.8222
22.6235

Table 3. Solvation parameters for different nano NiO samples in DMF at
333.15 K.
NiO
NPPT
NDMG
NSG
NU

SM
0.0803
0.0267
0.0947
0.01338

log γ±
-0.1434
-0.0827
-0.1558
-0.0585

pKsp
2.4773
3.3123
2.3589
3.8640

∆G(J/mole)
16.4551
20.6644
14.7164
24.1063

Table 4. Enthalpies and entropies of solvation for nano NiO samples at
323.15 K and TEM average diameter (dTEM).
NiO
NPPT
NDMG
NSG
NU

dTEM(nm)
11
30
29
3

∆H(J/mole)
41.3444
79.9002
60.7349
17.4781

∆S(J/mole)
0.0841
0.1814
0.1514
-0.1592

Table 5. Different volumes in cm3/mole for various morphological structures
for nano NiO materials in DMF.
T
313.15 K

323.15K

333.15K

Vin
cm3/mole
VM
VW
Ve
VM
VW
Ve
VM
VW
Ve
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NPPT

NDMG

NSG

NU

80.5850
53.2633
-27.3216
80.0643
52.9225
-27.1419
79.552
52.5840
-26.9681

80.1502
52.9792
-27.1709
79.8076
52.7528
-27.0547
79.6375
52.6403
-26.9971

79.5527
52.9900
-26.5626
79.2993
52.4168
-26.8824
78.7974
52.0851
-26.7123

79.1313
52.3057
-26.8255
78.79.74
52.0851
-26.7123
78.7144
52.0302
-26.6841

The size distribution for nano NSG was measured as
example for NiO in zeta apparatus in DMF and found to have
two beaks at 1251 nm with intensity 96.6% and at 5560 nm
with intensity 3.4%. This value indicates that the nano NiO
materials are very slightly solvated in DMF and the
diameters increases to reach 1251 nm as maximum (see size
distribution chart).
3.4. Gibbs Free Energies of Solvation
Since the solubility of nano NiO samples is small in DMF
at room temperature, therefore higher temperature were used
to obtain sparingly soluble salts. The molar solubility of nano
NiO samples in DMF were measured at 313.15,323.15 and
333.15 K gravimetrically by taking the mean values for three
readings for each solution. The SM values are listed in Tables
1,2,3 at different temperatures. Also, the activity coefficients
were calculated by using Debye-Hückel equation (1) [7] and
their values are given also in Tables 1-3.
log γ ± = - 0.5062 x (Sm)0.5…………….…..(1)
Where, SM is the molar solubility which can be calculated
by using equation(2) [8]:
pKsp = - 2 (log Sm + log γ ± ) ……..………(2)
From these solubility products,the Gibbs free energies of
solvation were calculated by using equation(4):
∆ G = 2.303 RT pKsp ………….……..(3)
All the data are tabulated in Tables.
It was concluded that the Gibbs free energies have positive
values due to the difficulity of solvation. The Gibbs free
energies follow the following trend.
NU>NDMG>NPPT>NSG
This indicates that the nano NiO prepared by sol-gel and
urea method have spherical sizes that can dissolve better than
the others. Temperature has small effect on the Gibbs free
energies of solvation.
3.5. Enthalpies and Entropies of Solvation
From the linear plots of log Kspvs 1/T for nano NiO,
enthalpy was obtained from the slope (slope=H/2.303R). We
can also determine the entropy of solvation for different nano
NiO samples at 323.15 K can determine by using GibbsHelmeholtz equation(4) [9,10].
∆ Gs= ∆ HS – T∆ S………..………..(4)
The data are given in Table(4). It was observed that the
entropy of solvation follows this order: NDMG> NSG> NPPT>
NU
Indicating easier for solvation of NDMG&NSG samples was
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than the others due to their the ease of solvation on their
different morphologies
3.6. Different Volumes of Nano NiO Samples
The molar volumes (VM) for nano NiO samples were
obtained from density measurements after subtracting the
weight of 1ml saturated solutions minus empty weights of
beakers. The VM were calculated by dividing the molecular
weight by the extract solution densities and their values are
tabulated in (Table5). The packing density (P) as explained
by Kim [8] , the reaction between Van der Waals volumes
(VW) and the molar volume (VM) for relativity large
molecules was found to be constant and equal to 0.661.
P = Vw/VM= 0.661 ± 0.017………………..(5)
The electrostriction volumes (Ve) which is the volume
compressed by the solvent can be calculated by using
equation (6):

depends on the morphological structure of the samples. This
proved from the different thermodynamic parameters and
volumes evaluated. The small crystal sizes favor the greater
solubility and greater free energies off solvation in DMF.
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