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Quartz is widely applied and in its many uses the wetting process plays an essential role [1]. Its basis is surface tension components 
and parameters of quartz and wetting liquid or solution. The components and parameters of water surface tension (water is the 
most frequently applied in quartz wetting) can be modified adding different kinds of surface active agents [2]. Obviously the 
wetting process cannot be treated only as a function of the surface tension of aqueous surface active agents solution but also 
as the quartz-solution and quartz-air interfaces tension [3]. However, as far it is difficult to determine the changes of quartz 
wettability with respect to solution-air, quartz-solution and quartz-air interfaces tension as well as its components and parameters 
in numerous cases. This is due to be fact that the -SiO and -SiOH groups whose density depends on the way of quartz surface 
preparation, are on the quartz surface [4]. So, quartz is treated as a high energetic solid whose surface tension results from the 
Lifshtitz-van der Waals and the Lewis acid-base interactions [5]. On the other hand, water molecules adsorbed on the quartz 
surface can form a layer in which they are connected with the quartz surface by the hydrogen bond. They form a specific structure 
with each other described in detail by Yang et al. [6]. Such layer decreases the high surface tension of quartz ( SVγ ) and changes the 
relative contributions of apolar and polar interactions in this tension. That may be why different values of quartz surface tension or 
surface free energy determined by contact angle (θ) measurements under different conditions or by different methods are reported 
in the literature [5,7-10]. In many cases the obtained values of the surface tension of properly prepared quartz are higher than 
water surface tension [7-10]. This indicates that water should be completely spread over the quartz surface. On the other hand, 
spreading of water drop settled on a quartz surface without a water layer will proceed in two stages [11]. In the first, a water film 
forms on the quartz surface due to water vapour adsorption or water molecules diffusion from the drop. In the second one, the 
expansion of drop on the quartz surface covered by a water layer can be found [5,7]. For solution the spreading mechanism is more 
complicated and thickness of the formed film in the first stage depends on the solution components. In each case the second stage 
is the actual spreading process. The film is formed at the cost of quartz surface free energy, which can be decreased so much that 
regardless of theoretical conditioning of complete wetting, the water or solution drops form a finite θ on the quartz surface [3]. 
Due to the more complicated wetting process of high energy quartz by water or aqueous solution of surface active agents than low 

Introduction

The contact angle of aqueous solutions of TX-100 and TX-165 mixture with propanol on quartz was measured. Wetting of the quartz 
based on the surfactant mixtures and propanol adsorption at the solution-air, quartz-air and quartz-solution interfaces was analyzed 
from the obtained results. A positive slope of the linear plot of adhesion tension against a surface tension both at the constant surfactants 
mixture and alcohol concentration does not indicate negative adsorption of surfactants mixture and propanol at the quartz-solution 
interface. As follows, the adsorption of surface active agents at the quartz-solution interface occurred on the quartz surface covered by 
a strongly oriented water film instead of "pure" quartz surface. The work of adhesion of aqueous solutions of mixtures of Triton with 
propanol to the quartz surface cannot be predicted from that of individual components of the solution to this surface, knowledge of 
the components and parameters of the surface tension of the studied solutions and quartz, and the film pressure can enable prediction 
of the work of adhesion.
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energy solids it is difficult to explain θ changes of aqueous solution of surface active agents and their mixture as a function of these 
solutions concentration and composition as regards the surfactants adsorption at the interfaces in the quartz-solution drop-air 
system. As follows for our earlier investigations for the aqueous solution of TX-100 or TX-165 with short chain alcohols, Triton’s 
and alcohol concentrations are responsible for quartz wettability [12]. Moreover, the plot of the adhesion tension ( cosLVγ θ ) 
against the surface tension of these solutions ( LVγ ) is linear having a positive slope. The critical surface tension of quartz wetting 
( cγ ) determined from this plot depends on the assumption that the concentration of Triton or alcohols is constant. The average 
value of cγ  for quartz at the constant Triton’s concentration equal to 27.1 mN/m was lower than that calculated at the constant 
alcohol concentration (29.5 mN/m). It is obvious that the cγ  of quartz wetting determined in this way is significantly lower than 
its SVγ  calculated from the water, formamide and diiodomethane θ values [3]. It was stated that such differences between SVγ  and 

cγ  as well as the positive slope of the plot of cosLVγ θ  against LVγ  resulted from possible vapour film presence on the quartz 
surface behind the solution drop settled on the quartz surface. However, this matter was not elucidated. As well the fact that this 
film affects the solution adhesion to the quartz surface was not justified. Therefore there were undertaken some investigations on 
quartz wettability by the aqueous solution of TX-100 and TX-165 mixture with propanol as regards Triton's and alcohol adsorption 
at the quartz-air, quartz-solution and solution-air interfaces. As the way of quartz cleaning and drying largely affects its surface 
properties, the procedure of quartz slide preparation was the same as for determining its surface tension [3].  

Materials and Methods

Triton X-100 (TX-100) p-(1,1,3,3-tetramethylbutyl)phenoxypoly(ethylene glycol) and Triton X-165 (TX-165) p-(1,1,3,3-
tetramethylbutyl)phenoxypoly(ethylene glycol) were purchased from Sigma-Aldrich and used without any further purification. 
Propanol (99.5% purity, Sigma-Aldrich) was purified by the standard method [13]. For the solution preparation doubly distilled 
and deionised water (Destamat Bi18E) was used and its purity was controlled by the LVγ  measurements. The series of the aqueous 
solutions of TX-100 and TX-165 mixture with propanol were prepared. The mole fraction of alcohol in the solution (X2) was from 
0 to 1 and the mole fraction of TX-100 in the mixture with TX-165 (α) in the bulk phase was equal to 0.8. Quartz slides used for    
θ measurements were cleaned and controlled in the way described earlier [3,12].

Materials

The advancing contact angle of aqueous solutions of TX-100 and TX-165 mixture with propanol on the quartz slides was measured 
using the sessile drop method in the DSA 30 measuring system (Krüss) in a thermostated measuring chamber at 293±0.1 K 
[9,10,18-20]. The θ measurements procedure was described in our previous paper [3,12]. For each system of quartz-solution drop-
air it was decide to use at least 30 independent drops in order to determine the average value of advancing contact angle. A good 
reproducibility of θ measurements was proved. The standard deviation for each set of values was less than 1.1˚.

Contact Angle Measurements

The measurements of surface tension of aqueous solutions of TX-100 and TX-165 mixture with propanol at the same composition 
and concentration as those used for contact angle were carried out earlier by us using platinum ring detachment method [14]. For 
these measurements the Krüss K100 tensiometer was applied. The accuracy of surface tension measurements depending on the 
concentration of the mixture studied was in the range from 0.1 to 0.25 mN/m.

Surface Tension of Solution Measurements

The components and parameters of the quartz surface tension ( Sγ ) were determined earlier by us on the basis of the contact angle 
of water (W), formamide (F) and diiodomethane (D) on its surface [15-17]. For this determination the following equations were 
applied [15-17]:

Components and Parameters of Quartz Surface Tension Determination
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where, LW, + and – refer to the Lifshitz-van der Waals component, electron-acceptor and electron-donor parameters of surface 
tension, respectively. For calculations of the Lifshitz-van der Waals component ( LW

Sγ ), electron-acceptor ( Sγ
+ ) and electron-

donor ( Sγ
−

) parameters of surface tension of quartz the values of the components and parameters of surface tension of water, 
diiodomethane and formamide were taken from the literature [15-17]. 
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According to the definition the adhesion tension is equal to difference between the solid surface tension and the solid-liquid 
interface tension [18]. If the solid is not complete wetting by liquids then the adhesion tension is equal to cosLVγ θ . Taking into 
account the measured here the values of contact angle and values of surface tension of aqueous solution of TX-100 and TX 165 
mixture with propanol the adhesion tension was determined.

Adhesion Tension Determination

The standard Gibbs free energy of adsorption of TX-100, TX-165 and propanol mixture at the quartz-solution interface was 
calculated using the Langmuir equation modified by de Boer [17-19]. For this calculation the limiting area (Ao) occupied by 
surfactants and alcohol as well as the area determined based on the Gibbs surface excess concentration ( ) ( 1/SL SLA NΓ = Γ , N - the 
Avogadro number) were applied. The limiting area which was determined on the basis of the cross section of hydrophilic part of 
the substrates was taken from the literature [15]. 

Standard Gibbs free Energy of Adsorption Calculations

Results and Discussion

The wettability of quartz by aqueous solutions of Triton X-100 and Trtion X-165 with propanol depends on the surfactants mixture 
and propanol concentration (Figure 1). Whereas complete spreading of solutions over the quartz surface is observed at almost the 
same propanol concentration regardless of that of the surfactant mixture. 

Critical Surface Tension of Quartz Wetting

Figure 1: A plot of the contact angle (θ) of the aqueous solution of TX-100 and TX-165 
mixture with propanol on the quartz surface vs. propanol mole fraction (X2). Curves 1-5 
correspond to the constant surfactant mixture concentration equal to 1 x 10-7, 1 x 10-6, 1 x 
10-5, 2 x 10-4 and 6 x 10-4 M, respectively

The propanol concentration range, in which it is present in the solution in the monomeric form, is responsible for the greatest θ 
changes [19,20]. As follows form the comparison of θ values of the aqueous solutions of Trtion's  mixture with propanol to those of 
the single TX-100 and TX-165 with propanol, the synergetic effect in the reduction of θ is not observed on the contrary, the water 
surface tension reduction by the mixture of Triton's at the TX-100 mole fraction in the mixture with TX-165 equal to 0.8 (Figure 
S1) [12,21]. This may be caused by the dependence of the θ values not only on the LVγ  but also on SVγ  and quartz-solution interface 
( SLγ ). Moreover, its changes as a function of composition of surfactant mixture are not proportional to the LVγ  of the solution of 
these mixtures. 

Full  spreading of solutions over the quartz surface is observed when their LVγ  values are considerably lower than that of quartz 
as evidenced in the relationship between cosLVγ θ  and LVγ  at both the constant surfactants mixture and propanol concentration 
(Figure S2 and 3). In contrast to the relationship between cosθ and LVγ  it is linear (Figure S2). The changes of the adhesion tension 
as a function of solution surface tension can be described by one equation for all studied solutions at the constant surfactant 
mixture concentration (Figure 2). If the changes of cosLVγ θ  against LVγ  at each TX-100 and TX-165 mixture concentration are 
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considered, slightly different constants in the linear equations are obtained. However, the values of cγ  at the constant surfactant 
mixture concentration do not depend on the mixture concentration and the average value is equal to 27.62 mN/m. The dependence 
between cosLVγ θ  and LVγ  at the constant propanol concentration is also found to be linear (Figure 3) .The average value of cγ  
obtained from this dependence is equal to 31.15 mN/m. Thus it is higher than that obtained at the constant concentration of the 
mixture. The comparison between the values of cγ  obtained from θ of the aqueous solutions of TX-100 and TX-165 mixture with 
propanol and those of the solutions of TX-100 or TX-165 with propanol shows small differences between them [12]. In both cases 

cγ  obtained at the constant propanol concentration is higher than that at the constant surfactants concentration. The differences 
in the cγ  from the solutions of single surfactants with propanol and the mixture of surfactants with propanol at the constant 
surfactants or alcohol concentration point out to the necessity of considering quartz wettability with reference to the adsorption of 
propanol and Triton's at the quartz-air, quartz-solution and solution-air interfaces.

Figure 2: A plot of the adhesion tension ( cosLVγ θ ) vs. the surface tension ( LVγ ) of 
the aqueous solution of TX-100 and TX-165 mixture with propanol. Curves 1-5 corre-
spond to the constant surfactant mixture concentration equal to 1 x 10-7, 1 x 10-6, 1 x 10-5, 
2 x 10-4 and 6 x 10-4 M, respectively

Figure 3: A plot of the adhesion tension ( cosLVγ θ ) vs. the surface tension ( LVγ ) of 
the aqueous solution of TX-100 and TX-165 mixture with propanol. Curves 1-17 corre-
spond to the constant propanol mole fraction equal to 0.0; 0.0012; 0.0024; 0.0049; 0.0074; 
0.0099; 0.0205; 0.0316; 0.0434; 0.0559; 0.0693; 0.0837; 0.0994; 0.1153; 0.1346; 0.1545 and 
0.1883, respectively
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According to the Lucassen-Reynders (Equation S1) if the straight linear dependence between cosLVγ θ  and LVγ  describes one 
equation then the ratio of the difference between the surface excess concentration of a given component of the solution at the 
quartz-air ( SVΓ ) and quartz-solution ( SLΓ ) interfaces to its surface excess concentration at the solution-air interface ( LV ) does not 
depend on the concentration of this component in the bulk phase at the constant other concentration [22]. The positive slope of the 
linear dependence between cosLVγ θ  and LVγ  indicates that SLΓ  of the considered component of the solution is negative or lower 
than that of  SVΓ . In order to solve this problem SVγ  of quartz was calculated from the Neumann et al. equation from the   values of 
the aqueous solution of TX-100 and TX-165 mixture with propanol (Equation S2). SVγ  of the quartz calculated from this equation 
proved that it depends on the propanol and surfactants mixture concentrations (Figure S3) [23-26]. It can be seen that a precursor 
film is formed behind the solution drop deposited on the quartz surface [27-29]. Moreover, there is determined the surface tension 
of quartz covered by the film rather than the "pure" quartz surface tension. It is possible to determine SLγ  (Figure S4) based on 
the SVγ  of quartz covered by vapour film using the Young equation (Equation S3) [18]. Expressing the changes of  SVγ  and LVγ   as 
a function of concentration of a given component of the solution at constant concentration others it is possible to evaluated the 
Gibbs surface excess concentration at the interfaces using the Gibbs isotherm equations (Equations- S4a,S4b) [7,18]. Thus SVΓ  of 
the propanol and surfactants mixture (Figure S5) is much higher than that of SLΓ  (Figure S6 and S7). This results in a positive slope 
of cosLVγ θ  and LVγ  dependence. Moreover, the ratio of SV SLΓ −Γ  to that of LVΓ  for a given component is comparable to the slope 
of the linear dependence between cosLVγ θ  and LVγ  [14]. On the basis of adsorption of Triton’s and propanol at the quartz-air 
and quartz-solution interfaces, it can be stated that their adsorption is lower at the quartz-air interface than at the solution-air 
one but higher at the quartz-solution one [14]. This results from the fact that there are strong interactions of water molecules with 
the quartz surface. Thus both surfactants and propanol molecules cannot remove water molecules from the quartz surface. The 
interactions of the molecules of particular components of the solution with the quartz surface should be reflected in the work of 
adhesion of the solution to the quartz surface.

The Adsorption of Surfactants Mixture and Propanol at the Interfaces

Wettability of the solid by liquid depends on the difference between the work of liquid adhesion to the solid surface (Wα) and its 
cohesion [18,27,30,31]. For the solution Wα should results from Wα of individual components. However, it is difficult to determine 
contribution of particular components of solution to its work of adhesion to quartz. The -SiO and -SiOH groups are on the quartz 
surface. Thus water, surfactants and propanol interact with the quartz surface by the Lifshitz-van der Waals and acid-base forces 
[14]. It is possible to establish Wα of individual components of solution to the quartz surface knowing the Lisfshitz-van der Waals 
component, electron-acceptor and electron-donor parameters of the surface tension of quartz,- water surfactants and alcohol 
applying the van Oss et al. equation (Equation S5) [3,12,15-17]. As follows from the calculated values of Wα, Wα of water to quartz 
surface is largely higher than that of the surface active agents. An ordered two-dimensional quadrangular and octagonal H-bond 
network, very similar to the floor tessellationon surface, can be formed by water molecules on the quartz surface. Four water 
molecules in the quadrangles are bonded by strong H-bonds, while the quadrangles by weak H-bonds [6]. This configuration 
is the most stable as all water molecules are fully saturated with H-bonds either to each other or to the surface hydroxyl groups. 
Due to that, the reciprocal ratios of dispersion, hydration and ionisation forces change [32]. In consequence, the quartz surface 
should be more hydrophobic and not wetted with bulk water, which can in turn, affect organic substances adsorption [4,32,33]. 
Then surfactants and propanol molecules are adsorbed probably on the water layer by the Lifshitz-van der Waals forces with their 
hydrophilic part oriented toward the bulk phase. The evidence of this is the quartz-solution interface which is close to zero and 
decreases as a function of propanol and surfactants mixture concentration. Such mechanism of surface active agents adsorption 
at the quartz-solution interface, may cause some difficulties in prediction of the Wα of the solution to the quartz surface based 
on the adhesion work of individual solution components. The Young-Dupre equation (Equation S6) can be used for calculation 
of Wα  of solution to the quartz surface [18]. The adhesion work calculated in this way depends on the propanol and surfactants 
mixture concentration. Its changes are observed only in the range of propanol concentration in which it is present in solution in 
the monomeric form (Figure 4). Wα of solution to the quartz surface changes from the value of Wα for water to that of propanol 
with the propanol concentration increase from zero to its critical aggregation concentration (CAC) [14]. After CAC the effect of 
surfactants mixture on the Wα is reduced.  

Adhesion Work

The fact that the dependence between Wα and LVγ  is linear and practically does not depend on the concentration of surfactants and 
propanol may be of some interest (Figure S8). Thus, Wα of solution to the quartz surface can be predicted from the knowledge of 
components and parameters of the solution surface tension. Considering the Lifshitz-van der Waals component of the propanol 
surface tension is close to that of water and a bit smaller than the Lifshitz-van der Waals components of Triton’s the changes of 
the water surface tension as a function of surfactants mixture and propanol concentration can be assumed to result mainly from 
the decrease of the electron-acceptor and electron-donor parameters of the water surface tension to the same degree [12,15]. If so, 
the van Oss et al. equation (Equation S5) can be applied for the adhesion work of solution calculations. The difference was found 
between the values of the Wα calculated in this way and those using the Young-Dupre equation (Equation S6) [18]. This confirms 
the suggestion mentioned above that behind the solution drop settled on the quartz surface a precursor film is formed. Assuming 



Annex Publishers | www.annexpublishers.com                    

Journal of Materials Science & Nanotechnology
 

6

 
Volume 6 | Issue 2

that the difference between the surface tension of quartz calculated based on θ for water on the quartz surface and the water surface 
tension in the Neumann et al. equation (Equation S2) and those based on the solution θ corresponding to the work of precursor 
film formation, the Wα of solution to the quartz surface was estimated from the modified van Oss et al. [23-26,2,15] equation:

where, eπ  is the surface film pressure.

2 2 2LW LW
a S L S L S L eW γ γ γ γ γ γ π+ − − += + + − (4)

Figure 4: A plot of the adhesion work (Wα) of the aqueous solution of TX-100 and TX-
165 mixture with propanol calculated from Equation (6) (curves 1-5) and Equation (7) 
(curves 1’-5’) vs. propanol mole fraction (X2). Curves 1, 1’; 2, 2’; 3, 3’; 4, 4’ and 5, 5’ cor-
respond to the constant surfactant mixture concentration equal to 1 x 10-7, 1 x 10-6, 1 x 10-5, 
2 x 10-4 and 6 x 10-4 M, respectively

The values of adhesion work of solution to the quartz surface obtained in this way proved to be close to those calculated from the 
Young-Dupre equation (Figure 4) [25]. As follows the precursor film plays an important role in the wettability of quartz by aqueous 
solutions of surface active agents.

As far wettability of quartz regarding the solution adhesion work to its surface, it one should keep in mind the mutual effect of the 
surfactants mixture and propanol on their adsorption at the interfaces in the quartz including system. As follows from the Gibbs 
surface free energy of adsorption ( o

adsG∆ ) the given substrate tends to adsorb at the interface. There are numerous methods which 
can be applied for evaluation of this energy but the equation of Langmuir modified by de Boer (Equation S7) is the most frequently 
used [18,19]. The mutual decreases of adsorption of TX-100 and TX-165 mixture and propanol at each interface is pointed out 
by the o

adsG∆  values calculated from this equation (Figure S9 and S10). It should be emphasized that the tendency to adsorb the 
surface active agents at the quartz-solution interface is significantly lower than that at the solution-air one which confirms the 
differences in o

adsG∆  between the quartz-solution and solution-air interfaces.

Standard Gibbs free Energy of the Adsorption

Conclusion
Wettability of quartz depends on the TX-100 and TX-165 mixture with propanol concentration. The critical surface tension of 
quartz wetting at the constant surfactant mixture concentration does not depend on the value of that constant concentration. 
However, it is lower than that obtained at the constant propanol concentration. The critical surface tension of quartz wetting by 
the aqueous solution of Triton’s mixture with propanol is found to be much lower than that of the quartz surface tension. This may 
result from the formation of the precursor film behind the solution drop settled on the quartz surface. The adsorption of the Triton’s 
mixture and propanol at the quartz-solution interface is not as high as that at the solution-air one. Solution adhesion work to the 
quartz surface depends on the Triton’s mixture and propanol concentration, however, only in the range of propanol concentration 
in which it is present in the solution in the monomeric form. It is possible to predict adhesion work of aqueous solution of Triton’s 
mixture with propanol from the Neumann et al. and van Oss et al. approach regarding the interface tension [23-26,15,16]. 

Supplementary

6206-Supplementary.pdf


Annex Publishers | www.annexpublishers.com                    
 

Volume 6 | Issue 2

Journal of Materials Science & Nanotechnology
 
7

References
1. Quartz: Deposits, Mineralogy and Analytics (2012) Springer Geology, Switzerland. 
2. Rosen JM (2004) Surfactants and interfacial phenomena. (3rd Edn.) Wiley-Interscience, New York. 
3. Zdziennicka A, Jańczuk B (2010) Wettability of quartz by aqueous solution of cationic surfactants and short chain alcohol mixtures. Mat Chem Phys 124: 569-74.

5. Jańczuk B, Zdziennicka A (1994) A study on the components of surface free energy of quartz from contact angle measurements. J Mat Sci 29: 3559-64.
4. Lamb RN, Furlong AW (1982) Controlled wettability of quartz surfaces. J Chem Soc Faraday Trans 1: 78: 61-73.

6. Yang J, Meng S, Xu LF, Wang EG (2004) Ice tessellation on a hydroxylated silica surface. Phys Rev Lett 92: 146102.

9. Staszczuk P, Jańczuk B, Chibowski E (1985) On the determination of the surface free energy of quartz. Mater Chem Phys 12: 469-81.

7. Fowkes FM (1964) Attractive forces at interfaces. Ind Eng Chem 56: 40-52.

11. Hardy HG (1966) Collected Papers of Hardy HG, Cambridge, England, UK.
10. Parks GA (1984) Surface and interfacial free energies of quartz. J Geophysical Res 89: 3997-4008.

12. Zdziennicka A, Jańczuk B (2010) Wettability of quartz in presence of nonionic surfactants and short chain alcohols mixtures. J Colloid Interface Sci 343: 594-
601.

8. Wright LB, Walsh TR (2012) Facet Selectivity of Binding on Quartz Surfaces: Free Energy Calculations of Amino-Acid Analogue Adsorption. J Phys Chem C 
116: 2933-45. 

13. Vogel AJ (2006) Preparatyka organiczna (3rd Edn.) WNT, Warszawa.

15. Van Oss CJ (1994) Interfacial Forces in Aqueous Media. Marcel Dekker, New York.

14. Mańko D, Zdziennicka A, Szymczyk K, Jańczuk B (2014) Influence of the propanol on the behaviour of binary mixture of nonionic surfactants at the water-air 
interface. J Mol Liquid 199: 196-201.

16. Van Oss CJ, Chaudhury MK, Good RJ (1987) Monopolar surfaces. Adv Colloid Interface Sci 28: 35-64.
17. Zdziennicka A, Szymczyk K, Jańczuk B (2009) Correlation between surface free energy of quartz and its wettability by aqueous solutions of nonionic, anionic 
and cationic surfactants. J Colloid Interfaces Sci 340: 243-8.
18. Adamson AW, Gast AP (1997) Physical Chemistry of Surfaces (6th Edn.) Wiley-Interscience, New York. 
19. De Boer JH (1933) The dynamic character of adsorption, Oxford University, Oxford, England, UK.

21. Szymczyk K, Jańczuk B (2007) The Properties of a Binary Mixture of Nonionic Surfactants in Water at the Water/Air Interface. Langmuir 23: 4972-81.

20. Chodzińska A, Zdziennicka A, Jańczuk B (2012) Volumetric and surface properties of short chain alcohols in aqueous solution-air systems at 293K. J Solution 
Chem 41: 2226-45.

22. Lucassen-Reynders EH (1963) Contact angles and adsorption at solids. J Phys Chem 67:  969-72.

25. Kwok DY, Neumann AW (2000) Contact angle interpretation in terms of solid surface tension. Colloids Surf A 161: 31-48.

23. Li D, Neumann AW (1992) Equation of State for Interfacial Tensions of Solid-Liquid Systems. Adv Colloid Interface Sci 39: 299-345.

27. Gannes PG (1985) Wetting: statics and dynamics. Rev Mod Phys 57: 827-63.
26. Spelt JK, Li D, Neumann AW (1992) Modern approaches to wettability, Plenum Press, New York 101-41. 

28. Bekau S, Mattia D (2011) Wetting of nanotubes. Curr Opp Colloid Interface Sci 16: 259-65.

24. Kwok DY, Neumann AW (1999) Contact angle measurement and contact angle interpretation. Adv Colloid Interface Sci 81: 167-249.

29. Popescu MN, Oshanin G, Dietrich S, Cazabat A-M (2012) Precursor film in wetting phenomena. J Phys Cond Matt 24: 243102.

31. Kiahosseini SR,  Afshar A,  Larijani MM, Yousefpour M (2013) Adhesion, microstrain, and corrosion behavior of ZrN-coated AZ91 alloy as a function of 
temperature. J Mat Res 28: 2709-14.

30. Zhang L, Wang ZL, Li Z-Q, Zhang L, Xu Z-S, Zhao S, Yu J-Y (2010) Wettability of a quartz surface in the presence of four cationic surfactants. Langmuir 26: 
18834-40.

32. Fowkes FM (1968) Calculation of work of adhesion by pair potential suummation. J Colloid Interface Sci 28: 493-505.
33. Jańczuk B, Chibowski E, Białopiotrowicz T (1986) Time dependence wettability of quartz with water. Chem Papers 40: 349-56.

Submit your next manuscript to Annex Publishers and 
benefit from:

                                    Submit your manuscript at
              http://www.annexpublishers.com/paper-submission.php

→  Easy online submission process
→  Rapid peer review process

→  Open access: articles available free online
→  Online article availability soon after acceptance for Publication

→  Better discount on subsequent article submission
→  More accessibility of the articles to the readers/researchers within the field

https://www.springer.com/in/book/9783642221606
https://onlinelibrary.wiley.com/doi/book/10.1002/9781118228920
https://www.sciencedirect.com/science/article/pii/S0254058410005602
https://link.springer.com/article/10.1007/BF00352063
http://pubs.rsc.org/en/content/articlelanding/1982/f1/f19827800061#!divAbstract
https://www.ncbi.nlm.nih.gov/pubmed/15089558
https://www.sciencedirect.com/science/article/pii/0254058485900732
https://pubs.acs.org/doi/abs/10.1021/ie50660a008
https://archive.org/details/CollectedPapersOfG.H.Hardy-Volume1
https://agupubs.onlinelibrary.wiley.com/doi/abs/10.1029/JB089iB06p03997
https://www.ncbi.nlm.nih.gov/pubmed/20036369
https://pubs.acs.org/doi/abs/10.1021/jp209554g
https://scholar.google.co.in/scholar?hl=en&as_sdt=0%2C5&q=%22Preparatyka+organiczna%22&btnG=
https://onlinelibrary.wiley.com/doi/abs/10.1002/jctb.280640321
https://www.sciencedirect.com/science/article/pii/S0167732214004073
https://www.sciencedirect.com/science/article/pii/0001868687800088
https://www.sciencedirect.com/science/article/pii/S0021979709011436
https://www.wiley.com/en-us/Physical+Chemistry+of+Surfaces%2C+6th+Edition-p-9780471148739
https://books.google.co.in/books/about/The_dynamical_character_of_adsorption.html?id=ZhJRAAAAMAAJ&redir_esc=y
https://pubs.acs.org/doi/abs/10.1021/la063554%2B
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3521650/
https://pubs.acs.org/doi/abs/10.1021/j100799a005
https://www.sciencedirect.com/science/article/pii/S0927775799003234
https://www.sciencedirect.com/science/article/pii/0001868692800645
https://journals.aps.org/rmp/abstract/10.1103/RevModPhys.57.827
https://link.springer.com/content/pdf/bfm%3A978-1-4899-1176-6%2F1.pdf
https://www.sciencedirect.com/science/article/pii/S1359029411000252
https://www.sciencedirect.com/science/article/pii/S0001868698000876
https://arxiv.org/abs/1205.1541
https://www.cambridge.org/core/journals/journal-of-materials-research/article/adhesion-microstrain-and-corrosion-behavior-of-zrn-coated-az91-alloy-as-a-function-of-temperature/6B8653E4E597F4D5480ED78623557AEE
https://pubs.acs.org/doi/abs/10.1021/la1036822
https://www.sciencedirect.com/science/article/pii/0021979768900829
https://www.chempap.org/file_access.php?file=403a349.pdf

