Chapter 3

Effects of Short-Chain Alcohols and Pyridine
on the Hydration Forces between Silica Surfaces

3.1 Introduction

The DLVO theory (1,2) states that the total interaction foFge lfetween two lyophobic
particles in a medium can be expressed as a sum of the electrical double-lay&fjoaod (he

van der Waals force() as follows:

* Fd [1]

However, direct measurement of surface forces conducted in aqueous media showed the existence
of forces not considered in the DLVO theory. These include the hydrophobic and hydration
forces. The former was observed with mica and silica surfaces coated with surfactants (3,4,5),
while the latter was observed with silica surfaces (6-10) and lecithin bilayers (11). Derjaguin and
Churaev (12) suggested, therefore, that the DLVO theory is applicable only to those colloidal
particles whose water contact anglés dre in the range $%4°. When@ is outside this range,

the DLVO theory may be extended to include the contributions from the extraneous forces, as

follows:

Fo-F +F, +F 2]

where Fs represents the hydrophobic or hydration force, which are collectively referred to as

structural force.

Rabinovich,et al(6) measured the surface forces between glass fibers in KCI solutions to



show the existence of hydration force with a decay length of 0.85 nm. The results showed also
that the hydration force decreases with increasing electrolyte concentration. Similar results were
obtained by Peschedt al(7), who conducted force measurements between polished silica plates
in different electrolyte solutions. They showed that decay length decreases with increasing
electrolyte concentration, and that the decrease becomes more significant in the order of
KCI<NaCI<LiCl. The authors suggested that the difference in the chemical potentials of the Li
ions at the surface and in the bulk of water is small, as compared to thos€ famoNi{ ions,
because the Liions are more potent structure-forming ions. The small difference in chemical
potentials results in a low disjoining pressure. Hoen, al(8) conducted direct force
measurements using the surface force apparatus (SFA) with fldiceavish an advancing water
contact angle of 45 Despite the considerable hydrophobicity, the silica surface exhibited
hydration forces at distances less than 3 nm. Later work by Grabbe and Horn (9) showed that
hydration force changes little with the changes in surface treatment and electrolyte concentration.

The measured hydration forces could be fitted to a double-exponential function of the form:

Foya 0 HO 0 HO
=C,exp—0O+C, expt+—10 3
R ! p%_Dlﬂ 2 %_DZD 3]

with C;=140 mJ/m, C,=5.4 mJ/m, D;=0.057 nm and,=0.57 nm. Duckeet al(10) used an
atomic force microscope (AFM) to measure the surface forces betiiearsghere and silica

plate in NaCl solutions, and observed hydration forcés<dab nm.

The existence of hydration forces may be useful for explaining the difficulty in predicting the
stability of silica suspensions using the DLVO theory. It has been shown that very high
concentrations of electrolyte are needed to destabilize Ludox silica suspensions particularly at low
pHs where the particles exhibit logvpotentials (13). Watillon and Gerard (14) ascribed the
exceptional stability of silica suspensions to the ‘steric barrier’ created by the immobilized

monolayer of water molecules on the surface.

Unlike silica, direct force measurements conducted with mica surfaces exhibit no hydration
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forces in pure water. At electrolyte concentrations higher than approximateM,1Bowever,

mica surfaces showed extra repulsion at short separation distances (15,16). This is believed to
originate from the excess work required to displace the water molecules from the hydrated cations
that are adsorbed on mica surfaces. Since the extra repulsion is caused by adsorbed cations,
rather than the inherent property of mica, it is referred to as ‘secondary hydration’ force. The
hydration force observed with silica, on the other hand, is caused by the inherent property of the
solid; therefore, it is referred to as ‘primary hydration’ force (17). The force data obtained with
mica surfaces in 1:1 electrolyte solutions can be fitted to Eq. [3]DQviththe range 0.17-0.3 nm
andD;in the range 0.6-1.2 nm. In geneid}, increases with increasing hydration energy of the
cations. Thus, the decay length decreases in the ordei>dfd>K">Cs’, which is the opposite

of the series exhibited with the primary hydration force.

It is interesting that the secondary hydration forces observed with mica are oscillatory with a
periodicity of roughly the diameter of water molecules (16,18). The authors suggested, therefore,
that the hydration forces are due to ordered layering of the water molecules on the surface.
However, the hydration forces observed with silica are monotonic, indicating that there are
possibly no ordered layers of water molecules on silica. It is possible, on the other hand, that the
oscillation may smear out on silica sagé due to its roughness, even if there exists a well-defined
water structure in the vicinity of silica surface (1®evertheless, the lack of oscillatiopsis the
fact that the measured hydration forces are time-dependent leceVail(20) to believe that the
primary hydration forces are due to the steric repulsion between the silicic acid hair formed on the
surface. That the hydration force decreases in electrolyte solutions has been attributed to the
collapse of the silicic acid hair due to charge neutralization or double-layer compression. More
recently, Yaminskyget al (21) showed that the surface forces measured vlitla yary widely

depending on the methods of preparing the surface.

With an aim to further study the origin of the primary hydration force, we conducted direct
force measurements between fully hydroxalated silica plate and glass sphere in aqueous solutions
containing various organic solutes. The measurements were made using a Digital Instruments

Nanoscope Il atomic force microscope. It was shown earlier by one of us that ility sfab
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silica suspensions decreases with increasing ethanol concentration (22). This observation was
made at pH 2 (p.z.c. of silica), where there are no double-layer forces at play. It was concluded,
therefore, that destabilization of silica suspensions by ethanol is due to the decrease in the
repulsive hydration force. In the present communication, we report the results of the surface
force measurements conducted between silica surfaces in solutions containing ethanol, methanol,
trifluoroethanol (TFE) and pyridine. The solutes used here have different basicitigs (pK
therefore, they should react differently with the silanol (Si-OH) groups on the surfabeaofI$

would be of interest to see how this affects the surface forces betilezesusfaces, particularly

the hydration force component at short range.

3.2 Experimental

3.2a Sample Preparation

Optically smooth fused silica plates were obtained from Haraeus Amersil, Inc. They were
cleaned by boiling in a nitric acid solution for about 12-15 hours, and then equilibrated in
conductivity water from a Barnstead Nanopure Il water treatment unit. Clean silica plates thus
obtained exhibited an equilibrium contact andle)€5°, as measured using a Ramé-Hart Model
100 goniometer. Glass spheres of radius 1@80from Duke Scientific were mounted on
cantilever tips by means of an adhesive (Epon R Resin 1004, Shell Chemical Company) (10,23),
placed in NaOH solutions (pH~10.0) overnight, andilibgated in Nanopure water befoeach
experiment. HPLC-grade methanol, pyridine and TFE were obtained from Aldrich Chemical Co.,
while absolute 200-proof (ACS grade) ethanol was obtained from Aaper Alcohol and Chemical

Company.

3.2b Methods and Apparatus

A Digital Instruments Nanoscope Ill AFM was used to measure the forces betwiéem a s

plate and a glass sphere mounted at the tip of a cantilever. Standard triangular silicon nitride
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cantilevers were obtained from Digital Instruments Co. The stiffness of the cantilevers was
measured by the technique of Senden and Ducker (24). This consists of placing a heavy tungsten
sphere on the cantilever tip, turning the cantilever upside down and measuring its deflection from
the AFM signal. The glass spheres were mounted on the cantilever tip by means of a
micromanipulator. The mounted spheres, equilibrated in NaOH solutions and Nanopure water as
explained in the last section, were then transferred to a fluid cell for force measurements. Force
measurements were conducted in Nanopure water and in solutions containing aliquots of ethanol,
methanol, trifluoroethanol and pyridine. The radius of the glass spheres was measured using a

Kontron SEM-IPS image processing system.

3.3  Results

Figure 3.1 shows the results of the force measurements conducted with silica plate and glass
sphere in Nanopure water and in solutions of 10 and 20% by volume ethanol. The dotted lines
represent DLVO fits of the experimental data obtained using an algorithm developed bgtChan,
al (25). Table 3.1 gives the values of the Hamaker constan},(where the subscriptsand 3
represent silica and solution phases, respectively, and the surface potegtigisa infinite
separation distances that were used to fit the data. Since the amounts of alcohol used in the force
measurements were high, it was necessary to calculate the valdes osing the following

expression (19):

2

sa e, H, am, ()

TR e B ) "’

wherek is the Boltzmann constani,the absolute temperaturg,(=3.8) the dielectric constant of

silica, & the same of the medium (see Table 3nljhe Planck’s constant, the UV absorption
frequencyn; (=1.448) the refractive index oilisa, n; the same of the medium. The valuegf

andn; for the media used in the force measurements conducted in the present work are given in
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Figure 3.1. F/Rvs.H curves obtained in Nanopure watgy, (10% ethanol®), and 20%
ethanol Q) solutions. The dotted lines represent the DLVO theory fitted to
the experimental data in Nanopure water (constant charge model) and in
ethanol solutions (charge regulation model). The dashed lines represent the
constant charge (upper curve) and constant potential (lower curve) mbdels o
the DLVO theory fitted to the data obtained in the 10% ethanol solution. The
solid lines represent the extended DLVO fits (Eq. [2]) incorporating a
hydration force term. The inset shows the hydration force curves (Eq. [3])

alone.

71



Table 3.1

The Values o€; andn; Used to Calculate A,
Using Eg. [4] and the Double-Layer Constants
Obtained From the Force Curves

Solutes & N3 A131 qu K_l

(10%J) (mv)  (nm)

TFE (10%) - - 586  64.0 103
Ethanol (10%) 74 13379 5.86 60.0 176

(20%) 69.5 1.3438 547 59.3 196
Water 86 1333 630 580 96
Methanol (15%) 734 1.3358 3.0 61.7 202

Pyridine (2%) - - 6.30  58.0 55

'Ref (26);**CRC handbook!from Eq. [4]
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Table 3.1. The values @t for the 10 and 20% ethanol solutions and for the 15% methanol
solution were obtained by interpolating the values reported by Kosmulski and Matijevic (26).
These values were also used for calculating the double-layer forces using the algorithm of Chan,
et al (25). The values 0¥, for water and ethanol have been reported to be 3:0%10while the

same for fused siliédis 3.2x10°> s'. The value ofv. for methanol is not known; however a
Cauchy plot (27) showed that its value is practically the same as those for water and ethanol. In
using Eq. [4].ve was substituted by the arithmetic mean (3.1x%®) of the values for silica and

the medium, as suggested in ref 25.

At large separation distanced)( the results obtained in Nanopure water can be fitted to
the constant charge model wiflh.,=-58 mV, k™ (Debye length) =96 nm, an3;=6.3x10"" J.
On the other hand, the data obtained in ethanol solutions fit the charge regulation model with
Wow)=-60 mV, k=176 nm at 10% ethanol; an.,=-59.3 mV withk '=196 nm at 20% ethanol.
As shown, the forces measured at distances below approximately 10 nm are larger than predicted
by the DLVO theory. The extraneous repulsion at short distances may be due to the hydration

force, which apparently decreases with increasing ethanol content in water.

In order to estimate the changes in magnitude of the hydration force, the force data were
fitted to the extended DLVO theory (Eqg. [2]), as shown by the solid lines in Figure 3.1. Eg. [2]
includes the double-exponential force law (Eqg. [3]) to represent the hydration force. The
hydration force measured in Nanopure water can be fitted to Eq. [3] with the following
parametersC,;=8.0 mN/m D;=0.4 nm,C,=0.35 mN/m,D,=2.4 nm. These values are close to
those estimated by Yotsumoto and Yoon (17) based on the data obtained from turbidity
measurements. The hydration forces measured in ethanol solutions have been fitted with the
parameters given in Table 3.2. Note thatdecreases from 2.4 nm in Nanopure water to 1.2 and
1.1 nmin 10 and 20% ethanol solutions, respectively. The inset of Figure 3.1 shows the changes
in the hydration forces with separation distartdgif Nanopure water and in 10 and 20% ethanol
solutions. The data points given in the inset have been obtained by subtracting the contributions
from the electrostatic and dispersion forces, while the solid lines represent Eq. [3]. Thus, the

hydration force decreases substantially in 10% ethanol solution. Apparently, further increase in
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Table 3.2

Comparison of the pKValues of the Solutes
and the Hydration Force Constants of Eq. [3]

Solutes pK C: D, C D,

(mN/m)  (nm)  (mMN/m)  (nm)

TFE - 6.5 0.43 0.33 2.10
Ethanol (10%)  17.1 5.0 0.48 0.42 1.25

(20%) 17.1 327 050 043  1.10

Water 15.7 7.2 0.44 0.35 2.40
Methanol 15.2 - - - .
Pyridine 8.75 8.0 0.41 0.35 2.30
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ethanol concentration does not reduce the hydration force significantly.

Figure 3.2 compares the force curves obtained in a 15% methanol solution and in Nanopure
water. The former can be fitted to the DLVO theory wjih,=-61.7 mV,k =124 nm, and
A13:=3.0x10°*J. The two silica surfaces jump into contactaR.8 nm, most likely due to the
attractive van der Waals force. When the two surfaces are separated from each other, a small
pull-off force (0.07-0.1 mN/m), which is also known as the adhesion force was observed. It
should be noted here that both in Nanopure water and in ethanol solutions, the adhesion forces
were zero. The force curve obtained in the methanol solution has been re-plotted in the inset at a
larger scale to more clearly show the jump distance. The fact that the two surfaces jump into
contact provides strong evidence that the hydration force observed in Nanopure water disappears
completely in the presence of 15% methanol. As with ethanol, the charge regulation model fits

the data better than the constant charge or constant potential model.

It should be noted here that the valué\gfi=3.0x10™" J that was used to fit the force curve
obtained in the 15% methanol solution is lower than that (6:9xI0calculated using Eq. [4].
There may be two possible causes for this discrepaigt, the jump distance measured in the
present work may include a small error, as it should vary with the stiffness of the cantilever
spring. Furthermore, there are uncertainties in determining the zero-separation distance with
AFM, which should also affect the jump distanc&econd Ajz; may decrease in methanol
solutions. It is likely that the methanol concentration increases with decreasing surface
separation. There are thermodynamic reasons that methanol displaces water from the surface of
silica, as will be discussed later in this communication. The fact that the force data fit the charge
regulation model may also support this view. If the medium was 100% methanol, Eq. [4] gives a

valueA;3:=3.7x10** J, which is closer to the value obtained from the force measurement.

Figure 3.3 shows the results of the force measurements conducted between glass sphere and
silica plate in 10% TFE and 2% pyridine solutions. TFE was chosen because it is less basic than
ethanol due to fluorine substitution of hydrogen, and pyridine was chosen because it is more basic

than ethanol and methanol. Attempts were made to fit the data to the DLVO theory. However,
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Figure 3.2. F/R vs. H curves obtained in Nanopure wat@) and in 15% methanolA]
solutions. The dotted line represents the constant charge model of the DLVO
theory fitted to the data obtained in Nanopure water. The solid line represents
the charge regulation model of the DLVO theory fitted to the data obtained in
the methanol solution. The dashed lines represent the constant charge (upper
curve) and constant potential (lower curve) models of the DLVO theory fitted
to the data obtained in 15% methanol solution. The inset shows the data
obtained in methanol solution on a magnified scale. The jump occurs at the
distance predicted by the DLVO theory, indicating that the hydration force
disappears in 15% methanol solution.
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Figure 3.3. F/R vs. H curves obtained in Nanopure waderl0% trifluoroethanol®@) and
2% pyridine Q) solutions. The dotted lines represent the constant charge model
of the DLVO theory fitted to the experimental data points obtained at large
surface separations. The solid line represents the same data fitted to the extended
DLVO theory with a hydration force term (Eg. [2]). The inset shows the
hydration forces alone.
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only the data obtained at large separations can be fitted to the theory, as is the case with the force
curve obtained in Nanopure water, which is also shown in Figure 3.3 for comparison. The data
obtained in both the TFE and pyridine solutions were fitted to the constant charge model with the
parameters given in Table 3.1. The valueAgf that was used to fit the data obtained in 10%

TFE solution was assumed to be the same as that in 10% ethanol solution due to the lack of
appropriate information. On the other hand, the data obtained in the 2% pyridine solution were

fitted to the DLVO theory with the value é§3, that is the same as that of water.

The force data obtained at short separations have been fitted to the extended DLVO theory,
shown by the solid lines in Figure 3.3, with the hydration force parameters given in Table 3.2.
Note thatD, values obtained in TFE and pyridine solutions are close to that obtained in Nanopure
water. The hydration force does not change significantly in these solutions, as shown by the force
curves given in the inset of Figure 3.3. Also, similar to the results obtained in Nanopure water
and ethanol solutions, no adhesion forces were observed between silica surfaces when they were

separated from contact in both TFE and pyridine solutions.

3.4 Discussions

The values ofli) for silica, listed in Table 3.1, suggest that the surface potential does not
change significantly in solutions containing varying quantities of alcohol, TFE, and pyridine. This
is consistent with the observations of Kosmulski and Matijevic (26) that-plaeentials of silica
do not change significantly with solvents of varying compositions of alcohols (up to 20% by
weight in the pH range of 5-7). On the other hasidyaries from 55 nm at 2% pyridine to 202
nm at 15% methanol. The lower dielectric constant of ethanol and methanol solutions, as
compared to that of water, should decradSehence, the changes in the Debye length cannot be
accounted for by the changesdn Therefore, the changes i1 should be attributed to the
changes in back ground electrolyte concentration. The pH measured in the 2% pyridine solution
was about 9.4. The Debye length calculated*ab#l concentration of 10* M is 59.8 nm, which

is in reasonable agreement with the value of 55 nm obtained by fitting the force data to the DLVO
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theory. The Debye lengths obtained from the force curves obtained in ethanol and methanol
solutions suggest a 67-80% decrease in the background electrolyte concentration from that of
Nanopure water. It is difficult, however, to measure the pH of solutions containing 10-20% by
volume alcohol to determine the changes inidh concentration. Note that the value kof
obtained for the 10% TFE solution is smaller than those for solutions containing methanol and

ethanol, which may be attributed to the fact that the former is more acidic than the latter.

Table 3.2 lists the values of the basicity {pkf all the solutes used in the present
communication. The pKvalues for methanol and ethanol were calculated from the known pK
values (28), the autoprotolysis constant {pK(29), and the piifor water. TFE is known to be
a weaker base than ethanol because of the three electronegative fluorine atoms; howeyer, its pK
is not known. The pKvalue for pyridine was calculated from its j¥alue (28) and the pKfor
water. Pyridine is basic because of the lone pair of electrons on the nitrogen atom. The basicity

increases upon going down the table, i.e., TFE is probably the least basic and pyridine is the most.

Table 3.2 also includes the hydration force paramé&grB,, C,, and D, obtained from the
force measurements conducted in the present work. It may be difficult to deduce a meaningful
relationship between the values Gf and the interfacial tensiong;s;, between silical and
different solutions3, as there is a degree of uncertainty in determining the point of zero separation
and, hence, the accuracy ©f in AFM force measurement. Note also that there are relatively
little changes among the values®f andC, given in Table 3.2. On the other hand, there are

significant variations in the values Df obtained in different solutions.

The different solutions of organic solutes used for the AFM force measurements may be
divided into three groups, depending on thi@irvalues. The first group consists of Nanopure
water, 2% pyridine solution, and 10% TFE solution. The interactions between the glass sphere
and silica plate exhibited hydration forces with th&irvalues in the range of 2.1-2.4 nm. The
second group consists of 10 and 20% ethanol solutions, whicbgwelues in the range of 1.1-

1.2 nm. The third group consists of 15% methanol solution, in which silica surface gives no

evidence for hydration force, i.&;=0 nm
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The fact that the measured hydration force decreases in the presence of organic solutes
suggests that it is not due to the asperities or roughness dicdnswgface. A mnilar suggestion
was made by Meagher (30), who observed that the hydration force between silica surfaces
disappears in 0.01 M CaCdolution at pH 10.3. If it is assumed that the hydration force is a
result of steric repulsion between silicic hairs on the silicaasesf, it is possible to attribute the
observed disappearance to the collapse of the hairs due to the charge neutralization (19,31) in the
presence of Caions. On the other hand, it is also possible that the amount “fidbes
adsorbing on silica under the conditions employed by Meagher was so large that the effect of the
silica substrate may be masked. The silica surfaces covered by large amourifsiaisOaay

not create as strongly hydrated surfaces as those without. This view may be supported by the fact

that the standard free energy of hydratiamsfyd) for Si'* ions is —26,220 kJ/mole while that of

Cd" ion is —2,932 kJ/mole. These values were calculated from the formula (32):

AG, , =-1369z°/r kcal/mole, wherez is the valance of the cation under considerationrasd

its radius.

Since the solutes used in the force measurements conducted in the present work are non-
ionic, it is difficult to suggest that thdica hairs collapse due to charge neutralization or double-
layer compression. It is also difficult to believe that the polymer-like hairs collapse (or retract)
due to the poor solvent property of water. Furthermore, there seems to be no correlation
between the values of the dielectric constagts @f the different solutions used in the force
measurements and the decay lengths of the measured hydration forces. One possible explanation
may be that the methanol and ethanol dehydrate silica surfaces and subbioig, sviech has

been considered to be a cause for the extraneous repulsion observed with silica surfaces.

Perhaps the most likely explanation for the decrease in the extraneous repulsion observed in
the present work may be that the water structure in the vicinity of silica surface changes
significantly in the presence of the solutes that give Iddevalues. It is possible that some the
solutes specifically adsorb on the surfaceilafasand cause changes in the structure of the vicinal

water. Kosmulski and Matijevic (26) showed that the iso-electric point (i.e.p.) of silica shifts from
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pH 2.0 to 2.5 in the presence of 10% methanol and ethanol, indicating that the short-chain
alcohols adsorb specifically on the surface. The shift in i.e.p. towards higher pH suggests that the
number of positively-charged sites, which may be represented as ,Si-Déteases in the
presence of the alcohols. For this, the explanation given by Kosmulski and Matijevic was that
alcohol molecules adsorb preferentially on the Sy Qiites and stabilize them. The results of the
force measurements obtained in the present work are consistent with this explanation. As shown
in Figure 3.1, the force curves obtained in methanol and ethanol solutions can be fitted to the
charge regulation model, while those obtained in Nanopure water can be fitted to the constant
charge model. Thus, there is sufficient evidence that short-chain alcohols adsorb on silica from
agueous solutions. One of the mechanisms controlling the adsorption process would be the acid-
base interaction, with silanol acting as acid and alcohol as base. Since the adsorption process
occurs in solution, it is necessary that alcohol displace water molecules. It may be possible to
determine whether the displacement reaction can occur or not by comparing, Wedugs for

water and the alcohols which are given in Table 3.2.

Recall that the hydration force disappears completely at 15% methanol, and that the force
curve can be fitted to the DLVO theory perfectly. The disappearance of the hydration force in
15% methanol solutions may be attributed to the changes in the hydration layer in the vicinity of
silica, which in turn was caused by the adsorption of methanol. The fact that,tfelpll) of
methanol is smaller than that (pKl.5.7) of water supports this view. That the, mifference
between the two is relatively small may explain the fact that a relatively high concentration of
methanol is needed before the hydration force disappears completely. There are additional
thermodynamic data indicating that water can be displaced by methanol, which is an essential part
of the adsorption mechanism. Microcalorimetry studies (33) conducted on the adsorption of
water and methanol from vapor phase showed that heats of adsorption are in the range of 25-45
kJ/mol for water and 55-65 kJ/mol for methanol. Clearly, methanol has a higher affinity than

water for the silica surface.

The pK, values of Table 3.2 show that ethanol is less basic than water. If the adsorption

mechanism is controlled only by the acid-base interaction, ethanol should not adsorb on silica.
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Jones and Mill (34) showed, however, that ethanol does adsorb on silica from solution.

Therefore, there must be mechanism(s) other than the acid-base interactions controlling the
adsorption process. One possibility may be that the hydrocarbon chains assocedewittiner,

which should contribute to the increase in the negative adsorption free energy. It seems,
nevertheless, that the driving force for the adsorption process is weak. According to Jones and
Mill, its adsorbability is comparable to that of water, which is probably the reason that the

hydration force does not disappear completely at high concentrations of ethanol.

At 2% pyridine, the hydration force does not change significantly from that observed in
Nanopure water. The values of, ©;, C,, and D for both are not too different from each other,
as shown in Table 3.2 and Figure 3.3. This finding is unexpected in a sense that a basic molecule
such as pyridine (pk8.7) should adsorb on an acidic substrate such as silica and disrupt its
hydration structure. Therefore, it would be of interest to determine whether pyridine adsorbs on
silica or not. To answer this question, 5 g of BDH silica was contacted witlt & Ifyridine
solution of pH 6.0 for 20 minutes, and the supernatant solution was subjected to UV analysis. The
characteristic absorption bands decreased considerably, indicating that pyridine adsorbs on silica.
In fact, Matzner, et al. (35) determined the standard free energy of adsof\iQ#) (to be -14
kJ/mol (35). Since this value is smaller than the heat of adsorption of water vapor on silica, which
is approximately 52 kJ/mole (36), these authors suggested that pyridine may adsch on s
such a way that the water molecules are not displaced from the first few adsorption layers. As
suggested by Matzner et al., pyridine may adsorb via H-bonding. Thus, the pyridine adsorption
may not severely disrupt the water structure in the vicinity of silica, which may provide an
explanation for the observation that the hydration force remains unchanged in the 2% pyridine

solution.

The force curve obtained at 10% TFE does not show an evidence for changes in hydration
force. The values d¥;, D;, C,, andD; are close to those obtained in Nanopure water, as shown
in Table 3.2. This finding suggests that TFE does not adsortican most probably due to its
acidity. As has been noted, TFE should be more acidic than ethanol because of fluorine

substituting hydrogen.
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3.5 Conclusions

The results presented in this communication strongly suggest that the short-range repulsive
forces observed with silica in Nanopure water is due to the hydration force. This may be
attributed to the likelihood that silica is one of the most strongly hydrated solid judging from the
small size and the formal charge of th&" Shtion as explained earlier. In solutions containing
methanol and ethanol, the silica surface may be dehydrated, resulting in a decrease in the
hydration force. Another consequence of the dehydration is that the swelling of silica is reduced,
which should also result in a decrease in the extraneous repulsion observed at short distances. In
a recent communication by Ninham and Yaminsky (37), it was suggested that the non-DLVO
forces, including hydration force, are due to the specific interactions involving ions at interfaces.
They suggested further that the specificity can be accounted for by dispersion interactions. This
explanation may be applicable to the secondary hydration forces observed at high electrolyte
concentrations. In the present work, however, hydration forces are observed in the absence of
electrolytes; therefore, the Ninham and Yaminsky's approach may not be applicable for the

primary hydration forces observed with silica.

The discovery that short-chain alcohols reduce the hydration forces associated with silica
may be extended to explaining the intoxication of humans by these substances. The alcohols may
interact with lipid membranes and reduce the hydration forces, which may be the cause for the
intoxication. Spectroscopic analysis of lipids membranes treated with alcohols show evidence for
the displacement of bound water (38,39). According to the force data obtained in the present

work, methanol should be more intoxicating than ethanol.
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