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Abstracts 
The molar solubility for nano copper sulfate (CuSO4) in different percentages of dimethylformamide (DMF) 

and water were measured at 292.15, 303.15, 308.15 and 313.15K. From the molar solubilities for nano CuSO4 , the 

solvation parameters like, activity coefficient, solubility product, free energy of solvation, enthalpy of solvation and 

entropy of solvation were estimated. All these solvation parameters were discussed.  
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Introduction 

Copper sulfate pentahydrate is 

a fungicide. However, some fungi are capable of 

adapting to elevated levels of copper ions. Mixed 

with lime it is called Bordeaux mixture and used to 

control fungus on grapes, melons, and other berries. 

Copper ions are highly toxic to fish, so care must be 

taken with the dosage. Most species of algae can be 

controlled with very low concentrations of copper 

sulfate. Copper sulfate inhibits growth of bacteria [1]. 

Copper sulfate can cause cell death exposure to heavy 

metal toxic materials like copper sulfate results in two 

types of cell death : necrosis and apoptosis . The death 

of cell caused by necrosis result in swelling of cells and 

oganelles , random disintegration of DNA , acute 

inflammation of cell cluster and secondary scarring . 

Apoptosis causes cancer and changes in hormone 

balance and hyperthermia. copper salts can form the two 

types of cell death [2].  

Our purpose is to try to estimate different concentrations 

of nano copper sulfate to get rid from body and 

environment  

 

Experimental  
Materials  

CuSO4 from Al Nasr chemicals Co. was used without 

purification. 

DMF of the type Adwic was used. 

 

Preparation of nano CuSO4 

CuSO4 of the type Adwic was milled by ball - mill. The 

ball – mill was a retsch MM2000 swing mill with 10 cm3 

stainless steel , double – walled tube. Two stainless steel 

balls of 12mm diameter and 7 gm weight for each were 

used. Ball-milling was performed at 20225 Hz for half 

an hour at room temperature (with out circulating liquid 

and the temperature did not rise above 30oC). 

 

Preparation of saturated solutions and solubility 

measurement 

The saturated solutions for nano CuSO4 were prepared 

by dissolving suitable amount of solid material in closed 

test tubes containing DMF – H2O solvents. The tubes 

were placed in water thermostat for a period of four days 

till equilibrium reached.  

The solubility of CuSO4 in each mixture was measured 

by taking 1 ml of each saturated solution and putting in 

small weighed beaker (10ml) and evaporated under IR 

lamp till dryness and then weighted [25, 35]. 

The molar solubilities for nano CuSO4 were calculated 

by subtracting the evaporated weights of samples minus 

that of empty beakers weight and calculation to changes 

to molar concentrations were done [22]. The same 

procedures were repeated at different temperatures. 

 

 

 

Results and discussion  
X-ray diffraction  

The X-ray diffraction of nano copper sulfate in fig. (1) 

shows that it has about 100% of the structure is CuSO4. 

The axial ratio of a : b : c is 0.519 : 1.000 : 0.5579 . The 

crystal system is triclinic – pinacoidal, the cell 

dimensions are : a = 6.12 , b = 10.7 , c = 5.97,  z = 2 , v 

= 361.55, alpha =97.583 , beta = 107.167 and gamma = 

77.55 . The forms are ( 0 2 1 ) ( 0 1 0 ) ( 1 3 0 ) ( 1 1 0 ) 

( 1 1 1 ) ( 1 0 0 ) . The density calculated = 2.29 . The 

cleavage is { 1 1 0 } imperfect  , { 1 1 0 } indistinct and 
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{ 1 1 1 } indistinct . The crystal size calculated by the 

sum of values in table (1) then take the mean value which 

equal 81.5 nm [9]. 

 

 
 

Figure (1) X-ray diffraction of nano copper sulfate 

 

Table (1) : Crystal size of nano copper sulfate 

 

Position Area Cry Size L(nm) Microstrain 

RMS 

Strain(%) 

15.40607 5.385739 82.1 0.1 0.1 

16.11798 6.180037 83.1 0.1 0.1 

18.73242 37.84529 138 0.1 0.1 

22.22321 15.01088 107.8 0.1 0.1 

23.96124 30.26251 276.4 0.1 0.1 

24.98457 49.57445 3 0.1 0.1 

26.89488 9.664896 123.1 0.1 0.1 

27.30997 5.8606 94.7 0.1 0.1 

29.14289 11.77607 23.9 0.1 0.1 

31.09892 3.931239 100.7 0.1 0.1 

31.59848 15.88331 172.8 0.1 0.1 

32.46491 6.987636 144.6 0.1 0.1 

32.73509 51.00416 3 0.1 0.1 

34.66203 10.49391 138.4 0.1 0.1 

37.05016 17.83103 15 0.1 0.1 

40.28682 41.57317 3 0.1 0.1 

42.11456 5.804527 106.8 0.1 0.1 

43.29271 6.87026 55.6 0.1 0.1 
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44.6428 10.07519 23.4 0.1 0.1 

45.62801 4.06546 34.8 0.1 0.1 

47.61323 19.168 7.5 0.1 0.1 

49.07954 2.20778 172.2 0.1 0.1 

49.7793 5.860955 90.1 0.1 0.1 

51.48527 39.93425 3 0.1 0.1 

56.25219 3.557221 54.6 0.1 0.1 

56.83303 7.093609 30.6 0.1 0.1 

62.2483 8.784952 17 0.1 0.1 

64.24262 0.570482 179 0.1 0.1 

 

F.T.I.R Spectra 

Fig. (2) shows FTIR spectra of CuSO4 done by 

NICOLET IS10 apparatus was used by forming 

potassium bromide. The IR spectrum in the range 400-

3500 cm-1 show well pronounced broad intense peaks in 

case of CuSO4 . The observed IR bands and their 

assignments are shown in Table 2. The band at 3423.08 

cm-1 correspond to H2O bending , the band at 1620.74 

cm-1  correspond to H2O asymmetric stretching , the 

band at 1197.71 cm-1 correspond to SO4 symmetric 

stretching , the band at 1147 cm-1 correspond to O-H 

bending and the band at 982.91 cm-1 correspond to SO4 

- non - degenerated mode.   

 

 
TEM Images 

Fig. (3) in all images measured by using JEOL HRTEM 

– JEM 2100 ( JAPAN) show that TEM of CuSO4 

obtained in ethanol are aggregated irregular spheres in 

the form of cylinders. The diameter in the range of 10,2-

77.86 nm.The small sizes in the range between 10.2 , 

12.05 to 20.76 nm are collected to give sizes between 

20.76 to 77.86 nm .These different sizes were proved 

also by x- ray diffraction which gave crystal sizes in the 

same order .The non homogeneity in sizes for nano 

copper sulfate need controlling during the primary 

preparation of the samples. 
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(A)                                                          (B) 

 

 
 

(C) (D) 

Fig.3 a : TEM for nano copper sulfate 

 

 
(D) (F) 
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(G)                                                       (H) 

 

Fig.3 b : TEM for nano barium carbonate 

 

Gibbs free energies of solvation 

The molar solubility (SM) for nano CuSO4 in mixed 

DMF – H2O solvents were measured at 292.15 , 303.15 

, 308.15 and 313.15 K, gravimetrically by taking mean 

value for three reading for each solution. The SM values 

are listed in tables 3, 4, 5 and 6 at different temperatures. 

The activity coefficients were calculated by the use of 

Debye – Huckel equation (1) [25-32] and their values are 

given also in tables 3, 4, 5 and 6. 

 

log γ± = -0.5062 √ SM…………………………  (1) 

 

Where SM is the molar solubility . The solubility product 

pKsp was calculated by the use of equation (2) [30-35]. 

 

pKsp = -2 ( log γ± + log SM)……………….(2) 

 

From the solubility products, Gibbs free energies of 

solvation ΔGs were calculated by using equation (3) [36-

38]. 

 

ΔGs = 2.303RTpKsp………….(3) 

 

All the data tabulated in tables 3, 4, 5 and 6. Then data 

reveals that Gibbs free energies of solvation decrease in 

positivity by increasing the mole fraction of DMF in the 

(DMF-H2O) mixtures. This may be due to the ease of 

solvation by increasing mole fraction of DMF. 

 

Enthalpies and entropies of solvation 

From the linear plots of log Ksp vs 1/T of nano BaCO3, 

the enthalpies were calculated from the slopes (slopes = 

-ΔH/2.303R) [38] and their values given in table 7. 

The entropies of solvation were calculated by use of 

Gibbs-Helmholtz equation (4) [29-733] 

ΔGs = ΔHs – TΔS ……………(4) 

 

Their values were also shown in table 7 as example at 

313.15K. More exothermic character (i.e. –ΔH) could be 

obtained by adding more DMF, more negative entropies 

favour, less solvation behavior. 

 

Different volumes of nano CuSO4  

The molar volumes (VM) for nano CuSO4 were obtained 

from density measurements. The VM as calculated by 

dividing the molecular weight of CuSO4 by exact 

solution densities and their values were given in table 8. 

The packing density (ρ) as explained by Kim [37-40] , 

the relation between Van der Waals volumes (VW) and 

the molar volumes (VM) for relatively large molecules 

was found to be constant [39] and equal to 0.661. 

 

ρ = VW / VM = 0.661 ± 0.017  ……………(5) 

        

The electrostriction volumes (Ve) [36-40] which is the 

volume compressed by the solvent can be calculated by 

using equation (6) as follows: 

 

Ve = VW  - VM ………………..(6) 

All different volumes for nano CuSO4 are presented in 

table 8 which reveals that the above results demonstrate 

that solubilities of nano CuSO4 decrease by increase 

DMF percentages due to less solvation. This is 

supported by volume measurements. 
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Table (2): Assignment of IR Band Frequencies. 

 S. No. Copper Sulfate Assignments 

1. 3423.08 cm-1 H2O bending 

2. 1620.74 cm-1   H2O asymmetric stretching 

3. 1197.71 cm-1 SO4 symmetric stretching 

4. 1147.00 cm-1 O-H bending 

5. 982.91 cm-1 SO4 - non - degenerated mode 

 
Table (3): Molar solubility (SM ), log activity coefficient ( γ± ) , solubility product (PKsp) and Gibbs free energies of 

solvation  (ΔGs) for nano CuSO4 in mixed DMF –H2O solvent at 292.15 K. 

Xs SM (g.mol/1000g solvent) Log  γ± pKsp ΔGs (kJ/mole) 

0.1894 25.0620X10-3 -0.0801 3.3621 18.7979 

0.2595 12.5310 X10-3 -0.0566 3.9172 21.9016 

0.3528 11.9040 X10-3 -0.0552 3.9590 22.1353 

0.4831 19.4320 X10-3 -0.0705 3.5639 19.9262 

0.6774 33.8340 X10-3 -0.0931 3.1274 17.4857 

1.0000 62.0290 X10-3 -0.0362 4.6545 26.0239 

 
Table (4): Solvation parameters for nano CuSO4 in mixed DMF –H2O solvent at 303.15 K. 

Xs SM (g.mol/1000g solvent) Log  γ± pKsp ΔGs (kJ/mole) 

0.1894 83.3320 X10-3 -0.1461 2.4505 14.2169 

0.2595 49.4980 X10-3 -0.1126 2.8360 16.4535 

0.3528 25.6890 X10-3 -0.0811 3.3427 19.3932 

0.4831 35.7140 X10-3 -0.0956 3.0855 17.9010 

0.6774 57.6430 X10-3 -0.0978 3.0511 17.7014 

1.0000 16.9170 X10-3 -0.0658 3.6749 21.3205 

 
Table (5): Solvation parameters for nano CuSO4 in mixed DMF –H2O solvent at 308.15 K. 

Xs SM (g.mol/1000g solvent) Log  γ± pKsp ΔGs (kJ/mole) 

0.1894 70.8010 X10-3 -0.1346 2.5691 15.1508 

0.2595 58.8960 X10-3 -0.1600 2.3204 13.6842 

0.3528 79.5730 X10-3 -0.1427 2.4838      14.6478 

0.4831 35.7140 X10-3 -0.0956 3.0855 18.1962 

0.6774 31.9540 X10-3 -0.0904 3.1717 18.7046 

1.0000 55.1370 X10-3 -0.1188 2.7547 16.2454 

 

Table (6): Solvation parameters for nano CuSO4 in mixed DMF –H2O solvent at 313.15 K. 

Xs SM (g.mol/1000g solvent) Log  γ± pKsp ΔGs (kJ/mole) 

0.1894 89.5980 X10-3 -0.1515 2.3984 14.3737 

0.2595 30.7010 X10-3 -0.1599 1.6817 10.0785 

0.3528 34.4610X10-3 -0.1539 1311.1 19318.0 

0.4831 39.9670 X10-3 -0.1011 2.9987 17.9713 

0.6774 47.6180 X10-3 -0.1104 2.8652 17.1712 

1.0000 30.0750 X10-3 -0.1600 1.6803 10.0701 
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Figures (4) and (5) show the relation between log Ksp and 1/T for different concentrations of DMF and water 

 

 
Figure (4) shows the relation between log Ksp and 1/T for different concentrations of DMF and water where: 

Series 1 : 50% DMF – 50% H2O 

Series 2 : 60% DMF – 40% H2O 

Series 3 : 70% DMF – 30% H2O 

 
 

Figure (5) shows the relation between log Ksp and 1/T for different concentrations of DMF and water where : 

Series 1 : 80% DMF – 20% H2O 

Series 2 : 90% DMF – 10% H2O 

Series 3 : 100% DMF –0% H2O 

 

Table (7): Enthalpies and entropies of solvation for nano CuSO4 in mixed DMF –H2O solvent at 313.15 K. 

Xs ΔH  kJ/mole TΔS    

0.1894 80.1879 65.8142 

0.2595 186.0123 175.9338 

0.3528 1913..80 167.6909 

0.4831 47.0294 29.0581 

0.6774 21.8172 4.6460 

1.0000 144.2116 134.1415 
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Table (8): The different volumes for nano CuSO4 at 292.15, 303.15, 308.15 and 313.15 K. 

Temperature  Concentration  VM VW Ve 

 

 

292.15 K0 

100 % DMF 18.8126 12.4351 -6.3775 

90 % DMF 19.0193 12.5717 -6.4476 

80 % DMF 18.6172 12.3059 -6.3113 

70 % DMF 19.2952 12.7541 -6.5411 

60 % DMF 18.9011 12.4936 -6.4075 

50 % DMF 18.1211 11.9780 -6.1431 

 

 

303.15 K0 

100 % DMF 18.6536 12.3300 -6.3236 

90 % DMF 19.1889 12.6838 -6.5051 

80 % DMF 19.4031 12.8254 -6.5777 

70 % DMF 18.8092 12.4329 -6.3763 

60 % DMF 19.2344 12.7139 -6.5205 

50 % DMF 18.4980 12.2271 -6.2709 

 

 

308.15 K0 

100 % DMF 18.9949 12.5556 -6.4393 

90 % DMF 19.0798 12.6117 -6.4681 

80 % DMF 18.9672 12.5373 -6.4299 

70 % DMF 18.9328 12.5145 -6.4183 

60 % DMF 18.5639 12.2707 -6.2932 

50 % DMF 18.6262 12.3119 -6.3143 

 

 

313.15 K0 

100 % DMF 18.5738 12.2773 -6.2965 

90 % DMF 18.7061 12.3647 -6.3414 

80 % DMF 19.1597 12.6645 -6.4952 

70 % DMF 18.2576 12.0683 -6.1893 

60 % DMF 18.2138 12.0393 -6.1745 

50 % DMF 18.1787 12.0161 -6.1626 
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