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ABSTRACT 

The molal solubility for nano zinc oxide (ZnO)  , copper (2%) doped ZnO , Fe(2%) doped ZnO , Ti(2%) 

doped ZnO , Ag (25) doped ZnO  in 50%DMF and 50% DMSO, (v/v), volume to volume were measured 

at 293.15, 303.15 , 313.15, 323.15K . 

The thermodynamic parameters, Gibbs free energy of solvation, enthalpies and entropies of solvation were 

evaluated for nano zinc oxide and nano zinc oxide doped from the solubility measurements. These 

thermodynamic parameters explain the effect of doping elements on the thermodynamic behviours of nano 

zinc oxide in solvation process.  

Keywords: Thermodynamic parameters, Solvation, Gibbs free energies, Enthalpies, Entropies, Zinc oxide dopes, 

Mixed DMF-DMSO solvents. 

 

Contribution/ Originality  

This paper uses the thermodynamic parameters for discussing the solubility behaviour 

because few studies is finding for nano particles solvation explanation. 

 

1. INTRODUCTION 

Nanoparticles have attracted much attention due to their individual features, which are 

unavailable in conventional macroscopic materials. Several studies have found biomedical 

applications for nano particles mainly as antibacterial material [1] cell imaging [2] drug 

delivery, and cancer therapy [2]. Also semiconductor Nanoparticles have much attention in 

recent years due to novel  

Asian Journal of Energy Transformation and Conservation 
2014 Vol. 1, No. 1, pp. 44-55 
ISSN(e): 2409-4293 
ISSN(p): 2412-3390 
DOI: 10.18488/journal.81/2014.1.1/81.1.44.55 
© 2014 Conscientia Beam. All Rights Reserved. 

 

 

http://crossmark.crossref.org/dialog/?doi=10.18488/journal.81/2014.1.1/81.1.44.55
http://crossmark.crossref.org/dialog/?doi=10.18488/journal.81/2014.1.1/81.1.44.55


Asian Journal of Energy Transformation and Conservation, 2014, 1(1): 44-55 
 

 
45 

© 2014 Conscientia Beam. All Rights Reserved. 

Optical, electrical and mechanical properties, which results with their quantum confinement 

effects compared with their bulk counter parts. Among various nano semiconductor, zinc oxide 

(ZnO) nano particles are the most frequently  studied [3]. Normal ZnO has band gap of 3.37 ev 

and high binding energy   [1, 2] and high exciting binding energy 60 eV [3] Application uses of 

nano ZnO include solar energy [3], varistors [4], luminescence [5]., photo-catalysis 

[6],electrostatic coating [7], transparent protection films [8] and chemical sensors [9-16]. In 

particular, zinc oxide has other applications such as gas sensors, blue lasers, short-wavelength 

light-emitting devices. ZnO  belongs to a group of metal oxides that are characterized by their 

photo-catalytic and photo-oxidizing ability against chemical and Biological species [16-18]. 

Therefore, ZnO was recognized for its utility in biological applications as an antibacterial material 

[2, 7, 8, 18, 19] Metal doped ZnO has pharmathotical importance as its show antibacterial 

activities against microorganisms such staphylococcus and bacillus [3]. Copper doped zinc oxide 

has photo catalytic and photoluminescence properties [3]. Iron doped zinc oxide has photo 

catalytic oxidation of dye bearing waste water. We reported in this paper the solubility of nano 

zinc oxide and nano zinc oxide doped in mixed solvent which has a great importance in many 

industrial processes as well as laboratory uses. Thermodynamics of nano zinc oxide and nano zinc 

oxide doped were calculated which help in explanation of the preferential solvation of ions and 

single ion thermodynamic functions  [20-31]. 

 

2. EXPERIMENTAL 

2.1. Materials 

All chemical reagents were analytical grade and were used without further purification. The 

materials which used in our preparations are; Zinc nitrate Zn(NO3).6H2O (99%), zinc acetate 

Zn(CH3COO)2.2H2O, ammonium carbonates (NH4)2CO3.H2O, ammonium hydroxide NH4OH 

(35%),   sodium hydroxide NaOH, oxalic acid H2C2O4.2H2O, silver nitrate AgNO3 (99%), copper 

nitrate Cu(NO3)2.3H2O, ferric nitrate Fe(NO3)3.9H2O, ferric sulphate FeSO4·7H2O and absolute 

ethanol (99%) all provided from Adwic. Double distilled water was used throughout all the 

experiments. 

 

2.2. Synthesis of Pure and Dopes ZnO Nanoparticles 

0.15 M H2C2O4.2H2O distilled water solution was slowly dropped into the mixture containing 

0.1M Zn(CH3COO)2.2H2O and 2% Cu(NO3)2·3H2O with constant stirring For 15 h. The 

precipitate obtained was filtered and washed with acetone for at least three times, dried at 120 ◦C. 

Finally, the copper doped ZnO sample was ignited at 450 ◦C for 2 h .The sample denoted as Z2Cu. 

The last procedure was applied to prepare all the other samples: 

Z pure,, Z2Ag, Z2Cu, Z2Fe, Z2Ti   abbreviated to pure ZnO, Ag (2%)-doped ZnO, Cu (2%)-doped ZnO, 

Fe (2%)-doped ZnO, Ti (2%)-doped ZnO samples, respectively. 
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2.3. Characterization Methods 

2.3.1. X-Ray Diffraction (XRD) 

The crystalline phases for all investigated samples were identified by X-ray diffraction (XRD) 

using a Diano (made by Diano Corporation, U.S.A.). The patterns were run with Cu-filtered CuKα 

radiation (λ ═ 1.5418Å) energized at 45 kV, and 10 m A. The samples were measured at room 

temperature in the range from 2θ ═ 2 to 80o. The XRD phases present in the samples were 

identified with the help of ASTM Powder Data Files. 

 

2.3.2. Scanning Electron Microscope (SEM) 

Scanning electron microscopy (SEM), JEOL JEM-100CXII was taken to examine the 

morphology and dimension of the investigated samples using conductive carbon paint. 

 

2.4. Preparation of Saturated Solution and Solubility Measurement 

The saturated solution of nano ZnO and nano doped ZnO were prepared by dissolving solid 

amount in closed test tubes containing 50%DMF &50% DMSO. The tube were placed in water 

thermostat for three days till equilibrium reached. The solubility of nano zinc oxide and nano zinc 

oxide doped were measured by tacking 1 ml of each saturated solution putting in a small weighed 

beaker (10 ml) and evaporated under I.R. lamp till dryness [20, 30-44] and then weighed with 

average error in weight about  0.0001 g [20, 30-44]. 

The molal solubility for nano zinc oxide and nano zinc oxide doped were calculated by 

subtracting the evaporated weights of samples minus the weight of beaker empty. The same 

procedures repeated at different temperatures. 

 

3. RERSULTS AND DISCUSSION 

3.1. X-Ray Diffraction (XRD) 

X-ray diffraction for ZnO and doped ZnO represented in the following Figure. The beaks are 

similar with slight difference in case of pure ZnO. 
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3.2. Scanning Electron Microscope (SEM) 

The SEM image of ZnO and doped ZnO by using scan electron microscope are shown as 

ZnO in figure (a) , Z2Ag (b) , Z2Ti (c) , Z2Fe (d) , Z2Cu (e). Broken dishes shapes were observed for all. 

 

 

 

 

 

3.3. Gibbs Free Energies of Solvation 

The Gibbs free energy of solvation of nano zinc oxide and nano zinc oxide doped were 

measured in presence of 50% DMSO+50%DMF because the solubility is very small in both pure 

solvents. The molal solubility (Sm) of zinc oxide and zinc oxide doped in 50%DMSO +50%DMF 

at 293.15 , 303.15 , 313.15 , 323.15K were measured gravimetrically by taking the mean values for 

at least three readings for each solution . The Sm values are reported in Tables 1, 2, 3 and 4 at 

different temperatures. The solubilities and also the thermodynamic parameters for ZnO and its 

doping metals are greater in the mixture of DMF and DMSO solvents than the individual ones 

.The free energies for the doping samples decrease in positivity, favor more application can be 

used with best result in case of ferric sample [44-51]. 
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Table-1. Solvation parameters (SM, logγ±, pKsp), Gibbs free energy of solvation (ΔG) and enthalpies and entropies of 

solvation parameters and Gibbs free energies for nano zinc oxide and nano zinc oxide doped in 50%DMF and 50% DMSO 

at 293.15K  

     Molality, g.mole/1000g solvent 

 

Positive enthalpies in all Tables denote that the solvation is endothermic and high heat 

needed. Adding doping metal decrease the positivity of enthalpies favoring less heat required. In 

case of TiO2 giving the least energy needed followed by Cu+2 and Fe+3. 

 

Table-2. Solvation parameters(SM, logγ±, pKsp), Gibbs free energy of solvation (ΔG) and entropies of solvation parameters 

and Gibbs free energies for nano zinc oxide and nano zinc oxide doped in 50%DMF and 50% DMSO at 303.15K  

ΔS 
(kJ/mol) 

TΔS 
(kJ/mol) 

ΔG 
(kJ/mol) 

pKsp logγ± SM 

molality 
Sample  

 0.0161   4.884 26.017 4.4823 -1.337 0.1381 ZnO 

-0.0749 -22.721 26.651 4.5914 -1.353 0.1266 ZnO+TiO2 
-0.0244  -7.385 26.148 4.5048 -1.341 0.1358 ZnO+Cu+2 
-0.0112  -3.403 27.115 4.6715 -1.363 0.1181 ZnO+Fe+3 
  0.0706   21.413 26.067 4.4909 -1.338 0.1372 ZnO+Ag 

 

Table-3.Solvation parameters(SM, logγ±, pKsp), Gibbs free energy of solvation (ΔG) and entropies of solvation parameters 

and Gibbs free energies for nano zinc oxide and nano zinc oxide doped in 50%DMF and 50% DMSO at 313.15K 

 

 

 

 

 

 

 

ΔS 
(kJ/mol) 

TΔS 
(kJ/mol
) 

ΔH 
(kJ/mol) 

ΔG 
(kJ/mol) 

pKsp logγ± SM 

molality 

Sample  

 0.0151 4.429 30.901 26.473 4.7163 -1.354 0.1130 ZnO 
-0.0749 

-21.953 3.930 
25.883 4.6113 -1.343 0.1244 ZnO+TiO

2 

-0.0227 -6.645 18.763 25.408 4.5266 -1.332 0.1333 ZnO+Cu+2 
 0.0009 0.253 23.713 23.460 4.1796 -1.263 0.1686 ZnO+Fe+3 
 0.0756 22.148 47.480 25.332 4.5130 -1.330 0.1348 ZnO+Ag 

ΔS 
(kJ/mol) 

TΔS 
(kJ/mol) 

ΔG 
(kJ/mol) 

pKsp logγ± SM 

molality 
Sample  

 0.0155    4.860 26.041 4.3431 -1.322 0.1523 ZnO 
-0.0749 -23.465 27.395 4.5689 -1.362 0.1289 ZnO+TiO2 

-0.0237 -7.430 26.193 4.3684 -1.327 0.1497 ZnO+Cu+2 
-0.0114 -3.558 27.271 4.5482 -1.359 0.1311 ZnO+Fe+3 

  0.0773   24.215 23.265 3.8801 -1.207 0.1978 ZnO+Ag 
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Table -4.Solvation parameters (SM, logγ±, pKsp), Gibbs free energy of solvation (ΔG) and entropies of solvation parameters 

and Gibbs free energies for nano zinc oxide and nano zinc oxide doped in 50%DMF and 50% DMSO at 323.15K 

ΔS 
(kJ/mol) 

TΔS 
(kJ/mol) 

ΔG 
(kJ/mol) 

pKsp logγ± molality  SM Sample  

 0.0153    4.936 25.965 4.1965 -1.301 0.1669 ZnO 

-0.0749 -24.199 28.129 4.5461 -1.370 0.1312 ZnO+TiO2 
-0.0228 -7.378 26.141 4.2248 -1.308 0.1640 ZnO+Cu+2 
-0.0112 -3.623 27.335 4.4179 -1.348 0.1445 ZnO+Fe+3 
 0.0734 23.704 23.775 3.8426 -1.207 0.2013 ZnO+Ag 

 

Also, the activity coefficients were calculated by the use of Debye – Hückel equation (1) [34, 

44-48] and their values are given in Tables 1, 2, 3 and 4. 

log γ±= - 0.5062 x (Sm)1/2                        (1) 

Where,Sm is the molal solubility. 

The solubility product which is the main parameter for evaluating the free energies was 

calculated by using equation (2) [48-50, 52-58]. 

pKsp = - 2 (log Sm + log   )               (2) 

This study uses simple equations for the evaluation of the thermodynamic parameters. 

Moreover. The transfer Gibbs free energies as another parameter for comparing the 

thermodynamic parameters were calculated from the values of solubility products and Gibbs free 

energy in mixed solvents by using equations 4 & 5 giving little significant data. 

ΔG = 2.303 RT pKsp                                       (3) 

ΔGt= ΔGS – ΔGw                                               (4) 

 

3.4. Enthalpies and Entropies of Solvation 

  This study in one of very few studies which investigated the thermodynamic s for nano 

particles in solutions. The enthalpies and entropies complete the behaviour of solvent in nano 

fluid formation. The entropy of solvation of nano ZnO and nano ZnO doped was determined from 

the slope for each solution percentage of the linear relation between ΔG versus T (Table 1). Also, 

we can determine the enthalpy change (ΔH) at 303.15 K as example, by using equation 

(5).Positive entropy values indicate that the solvation processes took place [58-79]. 

ΔGs = ΔHs - T ΔSs                             (5) 

 

3.5. Zeta Potential Measurement 

The Zeta potential for nano ZnO in pure DMF was measured and found to be – 11.3 mv, this 

low value whether it is positive or negative indicate low solubility of the nano ZnO and moderate 

association of the particles. The data are given in followed Table. Also low conductivity value 

0.50 m s / cm indicate also low ability for ionization in the solvent. Three peaks reported at -120, 

-10.5 and -75.3 m v as given below.                                                                    
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4. CONCLUSION 

The paper’s primary contribution is finding the solubility decrease with rise of temperature. 

It was concluded that that both the solubility and free energies decrease with rise of temperature 

indicating less solubility and more aggregation of the solid materials. The enthalpy and entropy 

of solvation decrease by doping ZnO with 2% doped substances other than using silver in 50% 

DMSO-50% DMF solutions. We aim to illustrate the effect of doping metals to nano ZnO to 

facilitate their applications. 

 

REFERENCES 

[1] M. A. Mousa, W. A. A. Bayoumy, and M. Khairy, "Charaterization and photo-chemical applications 

of nano-ZnO prepared by wet chemical and  thermal decomposition methods," Materials Research 

Bulletin, vol. 48, pp. 4576-4582, 2013. 



Asian Journal of Energy Transformation and Conservation, 2014, 1(1): 44-55 
 

 
51 

© 2014 Conscientia Beam. All Rights Reserved. 

[2] A. David, Wright and pamela welbourn, environmental toxicology. UK: Camberidge University Press, 

2002. 

[3] F. Zhiyong and J. G. Lu, "Zinc oxide nanostructures: Synthesis and properies," Journal of 

Nanoscience and Nanotechnology, vol. 5, pp. 1561-1573, 2005. 

[4] W. T. Y. Piscilla, A. B. leung, and M. Y. Kjuisic-Kenneth, "Toxicities of nano zinc oxide to five 

marine organisms: Influence of aggregate size and ion solublility," Anal. Bioanal. Chem., vol. 396, 

pp. 609-618, 2010. 

[5] Ren Zhu, Wengui Zhang, and Rusen Yang, "High output piezoelectric nanaogenerator and 

application," Science of Advanced Materials, vol. 4, pp. 798-804, 2012. 

[6] Yang Liu, J.-e. Zhou, Andre Labot, and Michel Persin, "Preparation and characterization of nano-

zinc oxide," Journal of Materials Processing Technology, vol. 189, pp. 379-383, 2007. 

[7] H. R. Ebrahimi and M. Modrek, "Photocatalytic decomposition of methyl red Dye by using 

nanosized zinc oxide deposited on glass beads in various pH and various atmosphere," Hindawi 

Publishing Corporation, Journal of Chemistry, Article ID 151034, vol. 2013, p. 5, 2013. 

[8] M. M. Abd Elhady, "Preparation and characterization of chitosan/zinc oxide nanoparticles for 

imparting antimicrobial and UV protection to cotton fabric," International Journal of Carbohydrate 

Chemistry, Hindawe Publishing Corporation, vol. 2012, p. 6, 2012. 

[9] M. Khairy and M. A. Mousa, "Influences of gamma radiation and surfactants on electrical and 

magnetic properties of Cu0.1Zn0.9Mn2O4 nanopartcles," International Journal of Materials and 

Chemistry, vol. 2, pp. 197-204, 2012. 

[10] M. A. Mousa and M. Khairy, "Electrical and photocatalytica properties of nano Fe0.1Zn0.9Mn2O4 

spinel structures," Science and Technology, vol. 2, pp. 182-190, 2012. 

[11] Kinleang Khun, H. I. Zafar, M. S. Al Salhi, Muhammad Atif, A. A. Ansavi, and Magnus Willander, 

"Fabrication of well-aligned ZnO nanorods using a composite seed layer of ZnO nanopaticles and 

chitosan polymer," Materials, vol. 6, pp. 4361-4374, 2013. 

[12] A. Narayanaswamy and N. Sivakumar, "Influence of mechanical milling and thermal annealing on 

electrical and magnetic properties of nanostructureed Ni-Zn and cobalt ferrites," Bull. Mater. Sci., 

vol. 31, pp. 373-380, 2008. 

[13] D. G. Shchukin and G. B. Sukhorukov, "Nanoparticle synthesis in engineered organic nanoscale 

reactors," Ad. Mater., vol. 16, pp. 671-682, 2004. 

[14] N. Mott and E. Davis, Electronic process in non-crystalline materials: Oxford University Press, 1979. 

[15] K. Raj, B. Moskowitz, and R. Casciari, "Advances in ferrofluid technology," J Mag. Mag. Mater., 

vol. 149, pp. 174-180, 1995. 

[16] M. Khairy, "Synthesis, characterization and magnetic properties of gamma irradiated and 

unirradiated magnetic nanopowders," International Journal of Materials and Chemistry, vol. 3, pp. 

106-111, 2013. 

[17] R. B. Gupta and U. B. Kompella, Nanoparticle technology for drug delivery. New York: Taylor & 

Francis, 2006. 



Asian Journal of Energy Transformation and Conservation, 2014, 1(1): 44-55 
 

 
52 

© 2014 Conscientia Beam. All Rights Reserved. 

[18] H. Osman and M. Khairy, "Optimization of polyester printing with disperse dye Nanoparticles," 

Indian Journal of Fibre & Textile Research, vol. 38, pp. 202-206, 2013. 

[19] E. A. Gomaa, E. M. AbouElleef, and E. H. Mahmoud, "Gibbs free energies for the solvation of 

KClO3 in DMF-H2O at 301.15 K," Eur. Chem. Bull., vol. 2, pp. 732-735, 2013. 

[20] E. A. Gomaa, "Solubility and solvation parameters of barium sulphate in mixed ethanol-water 

mixtures at 301.15 K," International Journal of Materials and Chemistry, vol. 2, pp. 16-18, 2012. 

[21] E. A. Gomaa and B. M. Al-Jahdali, "Association of Cu(NO3)2 with kryptofix-221 in mixed 

(MeOH-DMF) solvents at different temperatures," American Journal of Fluid Dynamics, vol. 1, pp. 

4-8, 2011. 

[22] E. A. Gomaa, "Solvation parameters of lead acetate in mixed, N,N-dimethylformamide–water 

mixtures at 298.15K," Analele Universitate din Bucuresti-Chimie, vol. 19, pp. 45-48, 2010. 

[23] R. L. David, CRC handbook of chemistry and physics, internet version 2005, Boca Raton,Fl, 91st ed., 

2005. 

[24] Y. Marcus, Ion properties. New York: Dekker, 1999. 

[25] Y. Marcus, Solvent mixtures. New York: Dekker, 2005. 

[26] J. I. Kim and N. Brückl, "On the temperature dependence of solubilities of inert gases from the 

scaled particle theory," Z. Phys. Chem. NeueFolge, vol. 110, pp. 197-208, 1978. 

[27] G. J. Tawa, I. A. Topol, S. K. Burt, R. A. Caldwell, and A. A. Rashin, "Calculation of the aqueous 

solvation free energy of the proton," J. Chem. Phys., vol. 109, p. 4852, 1998. 

[28] D. M. Camaioni and C. A. Scherdtfeger, J. Phys. Chem. A., vol. 109, p. 10795, 2005. 

[29] P. K. Casey, J. C. Christopher, and G. T. Donald, "Aqueous solvation free energies of ions and ion-

water clusters based on an accurate value for the absolute aqueous solvation free energy of the 

proton," J. Phys. Chem. B., vol. 110, pp. 16066-16081, 2006. 

[30] C. Shen, R. Hagiwara, T. E. Mallouk, and N. N. Bartlett, "Thermodynamic aspects of the 

remarkable oxidizing capabilities of fluorine-lewis-fluoroacid mixtures," ACS Symposium, Inorganic 

Fluorine Chemistry Ser., vol. 555, pp. 26-39, 1994. 

[31] C. P. Kelly, C. T. Cramer, and D. G. Truhlar, "Single-Ion solvation free energies and the normal 

hydrogen electrode potential in methanol, acetonitrile, and dimethyl sulfoxide," J. Phys. Chem. B., 

vol. 111, pp. 408-422, 2007. 

[32] E. A. Gomaa, "Molal solubility, dissociation and solvation parameters for saturated benzoic acid 

solutions in various solvents," Physics and Chemistry of Liquids, vol. 50, pp. 279-283, 2012. 

[33] A. Esam and A. Gomaa, "Electrical conductance of Cu(NO3)2 with kryptofix-222 in mixed 

(MeOH-DMF) solvents at different temperatures," American Journal of Environmental Engineering, 

vol. 2, pp. 54-57, 2012. 

[34] E. A. Gomaa, "Thermodynamic and polarization parameters of dibenzo-18-crown-6 in mixed 

methanol-water solvents," American Journal of Polymer Science, vol. 2, pp. 35-38, 2012. 

[35] E. A. Gomaa, "Solvation parameters for sodium oxalate in mixed ethanol-water solvents at 

301.15K," Eur. Chem. Bull., vol. 1, pp. 259-261, 2013. 



Asian Journal of Energy Transformation and Conservation, 2014, 1(1): 44-55 
 

 
53 

© 2014 Conscientia Beam. All Rights Reserved. 

[36] E. A. Gomaa and M. A. E. Elsayed, "Thermodynamics of the solvation of lead nitrate in mixed 

DMF-H2O solvents at 301.15K," American Chemical Science Journal, vol. 3, pp. 489-499, 2013. 

[37] E. A. Gomaa and M. A. E. Elsayed, "Thermodynamics of the solvation of potassium thiocyanate in 

mixed DMF-H2O solvents at 301.15K," Science and Technology, vol. 3, pp. 118-122, 2013. 

[38] E. A. Gomaa , M. A. E. Elsayed, and M. G. Abdel Razek, "Thermodynamics of the solvation of 

CaSO4 in mixed DMF-H2O solvents at 301.15K," International Research Journal of Pure and Applied 

Chemistry, vol. 3, pp. 320-329, 2013. 

[39] E. A. Gomaa, "The microscopic free energies of solvation for K+,Rb+ and Cs+ in mixed DMFA-

water solvents at 298.15K," International Journal of Theoretical and Mathematical Physcics, vol. 3, pp. 

151-154, 2013. 

[40] E. A. Gomaa and B. A. Al Jahadali, "Conductometric studies of calcium ions with kryptofix 221 in 

mixed MeOH-DMF solvents at different temperatures," Education, vol. 2, pp. 37-40, 2012. 

[41] E. A. Gomaa, "Molal solubility,dissociation and solvation param-teres for saturated phenylalanine 

in various solvents at 298.15K," American Journal of Biochemistry, vol. 2, pp. 25-28, 2012. 

[42] E. A. Gomaa, "Molal solubility, dissocation, association and solvation parameters for saturated o-

chlorobenzoic acid in various solvents at 298.15K," Food and Public Health, vol. 2, pp. 65-68, 2012. 

[43] E. A. Gomaa, "Ionic Gibbs free energies,enthalpies and entropies of some ions in various solvents," 

Global Advanced Research Journal of Chemistry and Material Science, vol. 1, pp. 35-38, 2012. 

[44] E. A. Gomaa, "The macroscopic and microscopic free energies of solvation of silver chromate and 

silver phosphate in some organic solvents at 298.15K," Frontiers in Science, vol. 2, pp. 24-27, 2012. 

[45] E. A. Gomaa, M. A. E. Elsayed, E. T. Helmy, and S. M. Defrawy, "Solvent effects on the 

thermodynamics of solvation of barium diphenylaminesulfonate," Southern Journal of Chemistry, vol. 

21, pp. 1-10, 2013. 

[46] E. A. Gomaa, H. M. Abu El-Nader, and S. E. Rashed, "Gibbs free energies for interaction of CuCl2 

with(E)-1-phenyl-2-92-94-9e0-phenyldiazenyl) Phenylhrazono)-2-(Phenylsulfonyl) ethanone in 

ethanol at different temperatures," The International Journal of Engineering and Science, (IJES), vol. 

3, pp. 64-73, 2014. 

[47] E. A. Gomaa and M. A. E. Elsayed, "Thermodynamics of solvation of barium 

diphenylaminesulfonate in ethanol-water mixed solvents," Thermal and Power Engineering, vol. 3, 

pp. 222-226, 2014. 

[48] E. A. Gomaa, M. A. E. Elsayed, and E. T. Helmy, "Solvation of oxytetracycline hydrochloride in 

ethanol-water mixed solvents. Research and reviews," Journal of Chemistry, vol. 3, pp. 22-27, 2014. 

[49] E. A. Gomaa, "Dissociation, association and solvation parameters for saturated glycine in various 

solvents at 298.15K," Science and Technology, vol. 3, pp. 123-126, 2013. 

[50] E. A. Gomaa, "Thermodynamics of complex formation between Cu(II) and 4-phenyl-1-diacetyl 

monooxime-3-thiosemicarbazone in methanol," Research and Reviews: Journal of Chemistry, vol. 3, 

pp. 28-37, 2014. 



Asian Journal of Energy Transformation and Conservation, 2014, 1(1): 44-55 
 

 
54 

© 2014 Conscientia Beam. All Rights Reserved. 

[51] E. A. Gomaa, "Theoretical contribution of solvation of AgBr in some organic solvents at 25oC," 

Thermochimica Acta, vol. 128, p. 99, 1988. 

[52] E. A. Gomaa, "Solubility of tetraphenyl derivatives in aqueous-hexamethylphosphortriamide 

solutions at 25oC," Indian J.of Tech., vol. 24, p. 725, 1986. 

[53] E. A. Gomaa, "Transfer free energies of ions from water to N,N,-dimethylformamide and its 

aqueous mixtures based on Ph4AsBPh4 and Ph4SbBPh4 assumptions," Thermochimica Acta, vol. 

142, p. 19, 1989. 

[54] E. A. Gomaa, "Solvation free energies of K+,Rb+ and Cs+ ions in methanol-DMF mixtures," 

Croatica Chimica Acta, vol. 62, p. 475, 1989. 

[55] E. A. Gomaa, "Single ion free energies of some monovalent ions in mixed dimethylacetamide using 

the asymmetric Ph4AsBPh4 assumption," Thermochimica Acta, vol. 147, p. 313, 1989. 

[56] E. A. Gomaa, A. M. Shallapy, and M. N. H. Moussa, "Solute –solvent interaction of phenylalanine 

in various organic solvents," J.Indian Chem. Soc., vol. 68, p. 339, 1991. 

[57] H. M. Abu El-Nader and E. A. Gomaa, "Solvation of AgCl in mixed water-DMF solvents," 

Mansoura Science Bulletin. (A Chem). vol. 23, p. 1, 1996. 

[58] I. Kim, A. Cecal, H. J. Born, and E. A. Gomaa, "Preferential solvation of single ion: A critical study 

of the Ph4AsBPh4 assumption for single ion thermodynamics in mixed aqueous-acetonitrile and 

aqueous-dimethyl formamide solvents," Z. Physik Chemic, Neue Folge, vol. 110, p. 209, 1978. 

[59] J. I. Kim and E. A. Gomaa, "Preferential solvation of single ion: The Ph4AsPh4B assumption for 

single ion thermodynamics in mixed dimethylsulphoxide-water solvents," Bull. Soci. Chim. Belg., 

vol. 90, p. 391, 1981. 

[60] E. A. Gomaa, A. A. El-Khouly, and M. Mousa, "Association of salicylic acid in acetonitrile – water 

media," Indian Journal of Chemistry, vol. 23, p. 1033, 1984. 

[61] E. A. Gomaa, M. A. Mousa, and A. A. El-Khouly, "Gibbs free energies of solute-solvent 

interactions for salicylic,sulphosalicylic and sulphanilic acids in various solvents," Thermochimica 

Acta, vol. 86, p. 351, 1985. 

[62] E. A. Gomaa, M. A. Mousa, and A. A. El-Khouly, "Association,dissociation and hydrogen bonding 

of salicylic acid in water-N,N-dimethylformamide mixtures," Thermochimica Acta, vol. 89, p. 133, 

1985. 

[63] E. A. Gomaa, "Single ion thermodynamics for Cl-, Br- , I-, Ph4B-, K+, Rb+Cs+ and Ph4As+ in 

mixed hexamethylphosphortriamide-water solvents," Thermochimica Acta, vol. 91, p. 235, 1985. 

[64] E. A. Gomaa, "Study of Ph4SbBPh4 assumption for single ion free energies in some organic 

solvents," Thermochimica Acta, vol. 140, p. 7, 1989. 

[65] E. A. Gomaa, "Study of the asymmetric Ph4AsBPh4 assumption for the evaluation of single ion 

free energies in mixed N-methylpyrrolidone-water solvents," Bull.Soc.Chim.Fr., vol. 5, p. 620, 1989. 

[66] E. A. Gomaa, "Preferential solvation of Ph4AsBPh4 and Ph4SbBPh4 in mixed DMSO/DMF 

solvents," Bull.Soc.Chim.Fr., vol. 5, p. 623, 1989. 



Asian Journal of Energy Transformation and Conservation, 2014, 1(1): 44-55 
 

 
55 

© 2014 Conscientia Beam. All Rights Reserved. 

[67] E. A. Gomaa, "Free energies of transfer for some monovalent ions and Ph4SbBPh4 from water to 

acetonitrile-water mixtures using the asymmetric Ph4AsBPh4 assumption," Thermochimica Acta, 

vol. 152, p. 371, 1989. 

[68] E. A. Gomaa, "The polarographic electroreduction of uranyl ion in arsenic acid solution, 

Monatishehefte für chemie,1988,119: 287. Solvents," Thermochimica Acta, vol. 156, p. 91, 1989. 

[69] I. S. Shehatta, A. H. El-Askalany, and E. A. Gomaa, "Thermodynamic parameters of transfer and 

solution of oxalic acid in dimethylsulphoxide-water media," Thermochimica Acta, vol. 219, p. 65, 

1993. 

[70] E. A. Gomaa and G. Begheit, "Polarographic and conductometric studies of uranyl ion in sulphuric 

acid-ethanol media," Asian Journal of Chemistry, vol. 2, p. 444, 1990. 

[71] M. A. Hamada, E. A. Gomaa, and N. A. El-Shishtawi, "Optomechanical properties of 10% PVA in 

presence ofCoCl2 and 44% ethanol-water composition," International Journal of Optoelectronic 

Enegineering, vol. 1, pp. 1-3, 2012. 

[72] A. A. El-Khouly, E. A. Gomaa, and S. E. Salem, "Conductometric study of complex formation 

between 2,3 –pyrazine dicarboxylic acid and some transition metal ions in methanol," Southern 

Brazilian Journal of Chemistry, vol. 20, pp. 43-50, 2012. 

[73] E. A. Gomaa and B. A. M. Al –Jahdali, "Electrical conductance of Cu(NO3)2 with kryptofix-222 in 

mixed (MeOH-DMF) solvents at different temperatures," American Journal of Environmrntal 

Engineering, vol. 2, pp. 6-12, 2012. 

[74] E. A. Gomaa, A. H. El-Askalany, and M. N. H. Moussa, "Polarographic electroreduction of uranyl 

on in glycine,Dl-Aspartic acid and phenylalanine," Asian Journal of Chemistry, vol. 4, p. 553, 1992. 

[75] E. A. Gomaa, "Application of the scaled particle theory for the solvation of silver tetraphenyl 

boride in dimethylformamide-water mixtures at  298.15K," Journal of King Saud University, vol. 3, 

p. 69, 1991. 

[76] E. A. Gomaa, "Excess volumes aand exess dielectric constant of the mixed solvents: MeOH-

DMF,MeOH-DMSO ,DMSO-DMF," Oriental Journal of Chemistry, vol. 6, p. 12, 1990. 

[77] E. A. Gomaa, M. A. Hamada, and R. Galal, "Apparent molal volumes of sodium fluoride in mixed 

aqueous-ethanol solvents," Avances En Quimica, vol. 5, pp. 117-121, 2010. 

[78] N. A. El-Shishtawi, M. A. Hamada, E. A. Gomaa, and A. Esam, "Influence of permanent magnet on 

the association constants of FeCl3+10%  PVA in 50% ethanol-water solutions ,conducometrically 

at 298.15K," Physical Chemistry, vol. 1, pp. 14-16, 2011. 

[79] E. A. Gomaa and B. A. M. Al Jahdali, "Condutometric studies of ionic association of divalent 

electrolyte Cu(NO3)2 with kryptofix-22 in mixed MeOH-DMF solutions at different 

temperatures," American Journal of Condenesed Matter Physics, vol. 2, pp. 16-21, 2012. 

 

Views and opinions expressed in this article are the views and opinions of the author(s), Asian Journal of Energy Transformation and 
Conservation shall not be responsible or answerable for any loss, damage or liability etc. caused in relation to/arising out of the use of 
the content. 

 


