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WATER VAPOR ISOTHERMS AND HEAT OF IMMERSION OF 
Na- AND Ca-MONTMORILLONITE SYSTEMS. 

III. THERMODYNAMICSl 

R. KEREN AND I. SHAINBERG 

Institute of Soils and Water, ARO, The Volcani Center 
Bet Dagan, Israel 

Abstract-The integral thermodynamic quantities of adsorbed water on Na- and Ca-montmorillonite have 
been calculated f~om.water adsorption isotherms on Na- and Ca-montmorillonite at 2980 and 313°K and 
from one adsorp~on Isotherm and calorimetric measurements at 298°K. The integral entropy values de
crease and then mcrease as the am.0u?t of adsorbed water approaches zero. In both systems, the curves 
approach ~he entropy valu~ of.free lIqUid water at the high content water. The thermodynamics of adsorbate 
on a non-mert adsorbent IS dlscussed in some detail. The two-isotherm method gives the energy change 
of the water phase only: whereas the colorimetric method gives the energy change of the whole system 
(clay, e~c.hange~ble catlOns, and the adsorbed water). Only when the energy changes in the solid phase 
are negl~glble (=mert surface) should the two methods give similar results. An hypothesis was developed 
to explal~ the entropy-change data of water adsorbed on clay surfaces, in which the clay surface behaves 
as a non-mert adsorbent. 
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INTRODUCTION 

The adsorption of water molecules on montmorillon
ite under controlled vapor press ures and heat of im
mersion in water have been studied by a number of in
vestigators (Brooks, 1960; Fripiat et al., 1965; Kijne, 
1969; Keren and Shainberg, 1975, 1979). Keren and 
Shainberg (1975) proposed a model which described 
quantitatively the interactions among the clay surfaces, 
the ions, and the water molecules. The experimental 
data of this investigation can also be used to calculate 
thermodynamic quantities which may in turn be used 
as an indication of the physical properties of the ad
sorbed water. 

When n moles of water are adsorbed on the surface 
of montmorillonite, there is a change in the entropy, 
energy, and free energy per mole of the adsorbed water 
molecules. However, since the adsorption takes place 
in the vapor phase, it is impossible to measure the 
change of temperature accompanying the slow adsorp
tion of water molecules. Thus, it is necessary to cal
culate the heat changes and the derived functions. 
These functions can be calculated by either of two 
methods: (1) By determining adsorption isotherms at 
more than one temperature, as suggested by Hili (1950) 
and as applied to clay systems by several investigators 
(Kohl et al., 1964; Cary et al., 1964; Sharma et al., 
1969); and (2) By combining calorimetric heat of im
mersion data with one adsorption isotherm at the same 
temperature, as suggested by Jura and HilI (1952) and 
as applied to clay systems by Kohl et al. (1964), Kinje 
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(1969), and many others. From these two methods, the 
integral thermodynamic quantities can be obtained. 

In general, a!l thermodynamic functions represent 
the net change of the system. This means that the net 
change in a thermodynamic property includes the 
changes that might take place in all the components in 
the same system. Literature values of thermodynamic 
quantities vary widely. Kohl et al. (1964), Van Olphen 
(1965), and Kijne (1969) found a negative change of en
tropy (relative to bulk water) for adsorbed water on 
Li-kaolinite or Na-vermiculite and on Na- and Ca
montmorillonite. They obtained their data from the ad
sorption isotherms and calorimetric measurements. 
Conversely, Martin (1960) reported positive values of 
integral entropy change when water adsorbed on Na
and Li-kaolinite between 0 and 50% relative humidity, 
and Sharma et al. (1969) and Cary et al. (1964) found 
positive values for adsorption ofwater on soils by using 
two adsorption isotherms at two temperatures. The ob
jectives ofthe present study are (1) to compare the ther
modynamic quantities on the same system by the two 
methods described, and (2) to measure the effect ofthe 
adsorbed ion (Na/Ca) on the thermodynamic quantity. 

THEORY 

To calculate integral quantities from the two methods 
mentioned above, an evaluation of the spreading pres
sure, cf>, is required. This quantity is given by Bangharn 
(1937), Bangharn and Mosallam (1938), and Bangharn 
and Razouk (1937): 

p 

cf> = 1'0 - 1'n = RT I fd In P (1) 

p~o 
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where yO and y" are the free energies required to pro
duce 1 cm2 of new surface of solid in a vacuum when 
the surface is adsorbed with n moles of water per cm2 

and equilibrated with the water molecules in the gas 
phase at pressure P, respectively, and r is the concen
tration of water at the surface, in moles/cm2 , as given 
by 

r = O/MA (2) 

where 0 is the grams adsorbed per gram of day, A is 
the specific surface area (cm2/g), and M is the molecular 
weight of the vapor. 

By substituting Eq. (1) into Eq. (2), 
p 

1> = RT/MA J Od In P (3) 

The expression on the right-hand side of Eq. (3) is 
evaluated from the experimental adsorption isotherm. 
If the equation of the isotherm, i.e., the relationship 
between 0 and P, is known over the whole range of 
study, the integration can be performed analytically. 
However, this is rarely so, and it is usually necessary 
to resort to a graphical method by determining the area 
under the semi-Iog isotherm. The greatest difficulty in 
the computation lies in the low-pressure region. 

Jura and Harkins (1944) found that at relative pres
sures below approximately 0.001, the film behaves like 
agas. Thus, it is simple to extrapolate the curve to zero 
pressure. This extrapolation (which gives a straight 
line) might cause a serious error in the spreading pres
sure values at low relative humidities, and the error 
decreases with the increase in the relative humidity. 

The integral enthalpies change, ßH" and the entro
pies change, ßSs, may be calculated from two adsorp
tion isotherms at two temperatures by the following 
equations (Hill et al., 1951): 

ßHs = (Hs - Hf) = TI ·T2 R lnl XII (4) 
T2 - Tl XJ '" 

ßS = (S - S ) = R/21 TI + T 2 In X2 

s s f TI - T
2 

XI 

(5) 

where Hs and He are the average molar enthalpy of the 
adsorbed phase, and pure bulk water, respectively; Ss 
and Se are the average molar entropy of the adsorbed 
phase and the pure bulk water, respectively; Xl and X2 

are the vapor pressure ratio P/Po at temperatures Tl 
and T2 , respectively; and the other terms have been 
defined. 

To calculate the thermodynamic properties of ad
sorbed water from combination of calorimetric heat of 

same temperature, the following relations, derived by 
Jura and Hill (1952) may be used. According to these 
authors, 

T(Ss - SI) = (U - Uo)/n + ~ - RT In P/Po (6) . r 

where Ss and Se are the integral entropy ofthe adsorbed 
phase and the pure bulk water, respectively; Uo is the 
heat of immersion of the dry day in water (caVg); U is 
the heat of immersion of the day with n moles of water 
per gram pre-adsorbed on it; and P/Po is the relative 
humidity corresponding to the equilibrium amount of 
water adsorbed on the day; all the other terms have 
been defined. 

It is dear that the thermodynamic functions for water 
calculated by this method do not involve any assump
tions as to the behavior of the system. The thermody
namic quantities derived from the experimental obser
vations reflect the net effect of all the forces acting in 
the system. The derivation ofEq. (6) was based on sta
tistical mechanical considerations for an ideal gas ad
sorbed on an inert solid surface. The same equation can 
be derived from simple thermodynamic relations. In 
doing so, it may be easier to check the assumptions in
volved. 

Consider the adsorption reaction for nw moles of 
water adsorbed on nc moles of day: 

nc day + nW(H20) ~ (day (H20)J (7) 

The energy of the reactants, P, is derived from a 
combination of the first and second laws of thermo
dynamics (see, for example, Eq. 3.115 in Daniels 
and Alberty, 1967): 

E' = TS' - PY' + ncILc' + nwILw' + y'A (8) 

where the superscript r stands for reactants, ILc and 
ILw are the chemical potential of the dry day and 
pure bulk water, respectively, y is the surface tension 
of the dry surface (=surface free energy in ergs/cm2), 

and A is the interface area. Similarly, the energy 
of the products is given by Eq. (9): 

EP = TSP - PYP + ncILcP + nwILwP + yPA (9) 

where the superscript p stands for products and. the 
other symbols have been defined. 

The energy change for the reaction described by 
Eq. (7) at constant temperature and pressure is: 

ßE = EP - E' = T(SP - sr) - p(YP - V') 
+ nc(ILcP - ILc') + nw(ILwP - ILw') 
+ A(yP - y') (10) 

In deriving Eq. (10) it is assumed that the surface 
area does not change during the adsorption reaction. 
This energy change is ulso equal to 

ßE = q - p(YP - V') (11) 

immersion data and one adsorption isotherm at the where q is the heat of the reaction. 
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By combining Eq. (10) and (11), one obtains 4OO.------,,-----------,----,----y----y--, 

q = T(SP - S') + nilLcP - 1Lc') + nw(lLwP - ILwr
) 

+ A(yP - yr) (12) 

where: 
(I) (lLwP - ILwr) is the change in chemical potential 

between water adsorbed on the clay (lLwP) and pure 
bulk water (lLwr). This free energy change is obtained 
from the equilibrium relative humidity by Eq. (13). 

(13) 

(2) The difference in the surface tension between 
adsorbed and clean interface is identical with the 
spreading pressure given in Eq. (3) 

(14) 

where the reactant is the dry clay and the product 
is the solid surface covered with water molecules. 

Introducing Eq. (13) and (14) in Eq. (12) gives 

q = T(SP - sr) + nc(lLcP - 1Lc') 

+ nwRT In(P/P 0) - A~ (15) 

Rearranging Eq. (15) and expressing the thermody
namic function for one mole of adsorbed water (nw = 

1.0) gives 

T(SP - sr) + ne(lLcP - 1Lc') = q + #f- RT In P/Po) 
(16) 

The right.hand side of Eq. (16) is identical to Eq. (6). 
The left-hand side ofEq. (16) is identical to the left-hand 
side of Eq. (6) only if the following conditions are sat
isfied: 

(1) ILcP - 1Lc' = 0, which means that the chemical po
tential of the clay is unaffected by introducing ad
sorbed water between the clay platelets. 

(2) SP - sr = SwP - Sw', which means that the entropy 
change of the system is identical to the entropy 
change of the water. 

Both (1) and (2) are an indication for the requirements 
of an inert solid phase. The interlayer adsorption pro
cess in montmorillonite clay is essentially different 
from the adsorption on an inert surface. During the ad
sorption of water on clay surfaces various reactions can 
take place. The water molecules may interact with the 
clay surfaces to change their chemical potential. Water 
molecules enter the interlayer space to change the lat
tice geometry and the position of adsorbed ion. These 
effects are discussed in more detail below. However, 
it is clear that these effects make the terms on the left
hand side of Eq. (16) more complex than has been as
sumed. 

MATERIALS AND METHODS 

The clay preparation and the experimental methods 
for determination of the adsorption isotherms and the 
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Figure I. Adsorption isotherms of water moleeules on Na
and Ca-montmorillonite at 25" and 40°C. 

heat of immersion were described earlier by Keren and 
Shainberg (1975, 1979). 

RESULTS AND DISCUSSION 

The adsorption isotherms of water molecules on Na
and Ca-montmorillonite at 25° and 40°C are presented 
in Figure I. The amount of water adsorbed on mont
morillonite at 2SOC is greater than the corresponding 
amount at 40°C. This phenomenon is readily explained 
by Le Chatelier's principle. Since vapor adsorption is 
an exothermic process (see below), an increase in tem
perature results in a decrease in the adsorbed water. 
For both temperatures, the Ca-isotherms are concave 
downward while tbe curves of water vapor adsorption 
by Na-montmorillonite are concave upward. Analysis 
of these shapes according to the BET theory (Keren 
and Shainberg, 1975) indicates that in the Ca-systems 
the energy of interaction between the first monolayer 
of adsorbed water molecules and the cations is greater 
than the energy of condensation of the subsequent lay
ers of water molecules. Conversely, in Na-montmoril
lonite the difference between these two energy terms 
is not as big, indicating that the hydration forces in Na
montmorillonite are less intensive than those in Ca
montmorillonite. 

Based on the Clausius-Clapeyron equation, it is pos
sible to ca1culate the integral and differential change in 
enthalpy and entropy from these two adsorption iso
therms. The assumptions involved in these ca1culations 
are: (l) an inert adsorbent; (2) Clausius-Clapeyron 
equation approximation; and (3) linear extrapolation of 
Eq. (3) to P = O. Since the properties ofadsorbed water 
(order, mobility etc.) are related to the integral change 
in the thermodynamic properties, only these functions 
are presented in detail. 

The integral enthalpy of adsorbed water on Na- and 
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Figure 2. Integral enthalpy ehanges of water adsorbed on 
Na- and Ca-montmorillonite (ealeulated from the two adsorp
tion isotherms; Eq. (4». 

Ca-montmorillonite obtained from water adsorption 
isotherms at two temperatures (Eq. (4» and from one 
adsorption isotherm and calorimetric measurements 
(Eq. (6)) are presented in Figures 2 and 3, respectively. 
The experimental data used in Eq. (4) are present
ed in Figure 1, and those used in Eq. (6) are giv
en in Figure 5 of Keren and Shainberg (1975). 
The enthalpy changes, AH" are negative for both Na
and Ca-montmorillonite. This implies that water mol
ecules lose energy upon being transferred from bulk 
water into the adsorbed state. The shapes ofthe integral 
enthalpy curves calculated from the Clausius-Clapey
ron equation (Figure 2) for both Na- and Ca-montmo
rillonite differ very much from the values calculated 
from the calorimetric mea8urement (Figure 3). It i8 ev
ident that only one ofthe methods can be used to char
acterize the properties of adsorbed water (vide infra). 

The integral entropy, ASs, of adsorbed water on Na
and Ca-montmorillonite obtained from water adsorp
tion isotherm at two temperatures (Eq. (5» and from 
one adsorption isotherm and calorimetric measure-
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Figure 3. Integral enthalpy ehanges of water adsorbed on 
Na- and Ca-montmoriUonite at 25°C (ealeulated from the ea
lorimetrie data; Eq. (6». 
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Figure 4. Integral entropy ehanges ofwater adsorbed on Na
and Ca-montmorillonite (ealeulated from the two adsorption 
isotherms; Eq. (5». 

ments (Eq. (6)) are presented in Figures 4 and 5, re
spectively. As with the enthalpy data, the entropy val
ues obtained from the Clausius-Clapeyron equation are 
much more negative than the values calculated from 
Jura and Hill's equation. Moreover, whereas the entro
py values of Figure 4 decrease asymptotically as the 
water content decreases, the integral entropy values 
calculated from Eq. (6) decrease and thereafter in
crease as the amount of adsorbed water approaches 
zero. In both systems the curves approach the entropy 
value of free water at the high content water. Kohl et 
al. (1964) and Kijne (1969) obtained similar results. 

If one considers first the integral entropy change of 
the adsorbed water (the Clausius-Clapeyron equation 
and Figure 4), it is evident that the entropy of adsorbed 
water decreases continuously as the amount of ad
sorbed water decreases. It is also evident that the 
strong interaction with the adsorbed cations results in 
a high degree of orientation ofthe adsorbed water lead-
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Figure 5. Integral entropy ehanges ofwater adsorbed on Na
and Ca-montmorillonite at 25°C (ealculated from the ealori
metrie data; Eq. (6». 
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Figure 6. Integral free energy changes for water adsorbed on 
Na- and Ca-montmorillonite at 25°C (calculated from the ca
lorimetric data; Eq. (6)). 

ing to lower entropy. The high degree of dissociation 
of the adsorbed water and the high acidity of adsorbed 
water in the low range of moisture, both support the 
conclusion of strong interaction between adsorbed 
water and the clay-cation surface. The big difference 
obtained between Na- and Ca-clays suggests that the 
interaction is mainly with the adsorbed cation. 

It is evident from the theoretical discussion in the in
troduction that the quantities derived from the Clau
sius-Clapeyron equation apply strictly to the adsorbed 
water. Conversely, the thermodynamic quantities de
rived from the calorimetric measurements depend also 
on other changes in the system. Ifthe Na- and Ca-mont
morillonite were completely inert during the adsorption 
of water, and if their surface characteristics were in
dependent of adsorbed water, the thermodynamic 
quantities calculated by both methods (Eq. (5, 6)) 
should be identical. 

The fact that the change in integral entropy calculat
ed from the heat of immersion is much smaller than the 
change in integral entropy calculated from the adsorp
tion isotherms suggests that the changes in entropy of 
the surfaces and the adsorbed ions counterbalance the 
changes in the water. It is possible that the interaction 
between the water molecules and the surfaces releases 
some of the tension and the low degree offreedom that 
the clay surface experiences in the dry state (Ravina 
and Low, 1972) and the exchangeable ions are free to 
move in films of water. Thus, with an increase in ad
sorbed water, the entropy of the surfaces increases 
whereas the entropy of the water decreases, as shown 
in Figure 5. 

According to Figure 5, the minimum values for the 
integral entropy are found at about 115 and 180 mg H20/ 
g elay for Na- and Ca-montmorillonite, respectively. 
These values are very elose respectively to the amounts 
of water in one and two monolayers of water adsorbed 

on montmorillonite (Keren and Shainberg, 1975). The 
possible arrangements of the adsorbed water is partic
ularly restricted under these conditions, because al
most all the surface is already filled and the entropy of 
the system is at its minimal value. 

It should be pointed out that the estimated error in 
the integral entropy (Figure 5) is grossly exaggerated. 
The lower limit of the value of each point has been cal
culated by cutting off the integral (Eq. (3)) at the lower 
experimental point while the upper limit has been cal
culated by assuming that the integral is between the 
lowest experimental point and zero pressure equals 
twice the area ofthe triangle ofthe linear extrapolation. 
As can be seen, the error decreases at higher values of 
adsorbed water and does not affect significantly the 
determination of the exact minimum discussed above. 
The calculated errors in the entropy values presented 
in Figure 2 are about 10 and 30% for Na- and Ca-mont
morillonite, respectively, and the errors decrease as the 
water content increases. 

With a further increase in the amount of adsorbed 
water, beyond the one or two monolayers, continuous 
films of water with three-dimensional configuration 
form, and the possible arrangements of the exchange
able ions increases in these films, leading to an increase 
in the entropy of the system. When only one or two 
layers of water molecules are present, the adsorbed 
cations are located very elose to the negative site ofthe 
elay, and their entropy is low. With a further addition 
of water, the average distance between the cation and 
the negative surface increases, leading to greater mo
bility and higher entropy ofthe adsorbed cation (Shain
berg and Kemper, 1966). The entropy change of the 
Na-elay system is less negative than that ofthe Ca-elay 
system, probably because the Na ions are structure
breaking, whereas Ca ions are structure-making at high 
concentration solutions (Choppin and Buijs, 1963). 

The integral free energy of Na- and Ca-montmoril
lonite calculated from Eq. (6) is presented in Figure 6. 
The free energy change decreases as the water conte nt 
increases for both Na- and Ca-montmorillonite. The 
free energy change in the Ca-system is larger than in 
the Na-system at the low water content up to 220 mg 
H20 per g elay. This amount of water corresponds to 
two monolayers of adsorbed water (Keren and Shain
berg, 1975). The effect ofthe Ca ions on the free energy 
of adsorbed water is readily understood if one considers 
the strong electrostatic interaction between the diva
lent cations and the water molecules. 

Above 250 mg H20 per g elay the free energy change 
of adsorbed water in both Na- and Ca-montmorillonite 
systems is similar, and approaches zero. This indicates 
that as the water content increases, the adsorbed water 
has properties similar to those of bulk water, and the 
inftuence of the elay surface does not extend beyond a 
few molecular layers of adsorbed water. 
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CONCLUSIONS 

The differential and integral enthalpy and entropy of 
montmorillonite-water systems may be calculated 
either from water adsorption isotherms at two temper
atures or from one adsorption isotherm and calorimet
ric measurements made at the same temperature. It was 
found that the two methods do not give the same re
sults . The two adsorption isotherms give lower values 
for both the enthalpy and entropy ofthe cJay-water sys
tem, compared with the values obtained by the calori
metric method. Following the derivation of the perti
nent equations, it is evident that the two isotherms 
method gives the energy change of the water phase 
only, whereas the calorimetric methods give the energy 
change of the wh oie system (cJay, exchangeable cation, 
and the adsorbed water). Only when the energy 
changes in the solid phase are negligible (i.e., inert sur
faces), should the two methods give similar results. 

APPENDIX 

The reLation between the heat 0/ immersion and 
the enthaLpy change in the water 
adsorption process 

The reaction for getting the heat of immersion (Eq. 
(17» could be split into two parts: (1) the partial wetting 
of the dry cJay with a given amount of adsorbed water 
(Eq. (18»; and (2) the continued wetting ofthe cJay with 
an infinite amount of water (Eq. (19». 

CLAY + Nsoo(H2O) 
-u. 
+:t CLA Y - Nsoo(H2O) (Esoo) (17) 

CLA Y + Ng{H2O) 
-u, 
+:t CLA Y + Ng{H2O) (NEs) (18) 

CLA Y - N.(HzO) 
- u, 
+:t CLA Y - Nsoo(H2O) (Esoo) (19) 

Whete Ns and Nsoo are the amount of adsorbed 
water (in moles) at certain and infinite amounts, re
spectively; E. and Es are the internal energy of the 
system at free and adsorbed water states , respec
tively ; Uo and U2 are the heat evolved when, re
spectively, dry cJay and c1ay adsorbed with Ns 
moles of water are immersed in water, and U. is 
the heat evolved when Ns moles of water are ad
sorbed on dry cJay. 

From Eq. (17), and (18), and (19) it is possible to 
evaluate the following equations: 

NE. - Uu = Esoc 
NEs - Uz = Esoo 

Combining Eq. (20) and (21) gives: 

NE. - Uo = NEs - U2 

(20) 
(21) 

(22) 

thus 

N(E I - Es) = Uu - U2 

EI - Es = (Uo - U 2)/N 

Es - EI = (U z - Uo)/N 

Hs - H. = Es - E. + cp/r 
= (U2 - Uo)1N + cp;r 

(23) 

(24) 

(25) 

(26) 

where H. and Hs are the enthalpy of the water 
molecules in the free liquid water and the adsorbed 
phase, respectively ; cp is the spreading pressure, and 
r is the amount of water adsorbed on one unit of 
adsorbent surface. 
Thus 

T(Ss - SI) = aHs - aGs 
= (Uz - Uo)/N + cp/r - RT In P/Po (27) 
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Pe3IOMe-BbIC'JHTblBaJlHCb nOJlHbie TepMOI\HHaMH'JecKHe KOJlH'JeCTBa BOl\bl, aACOp6HPOBaHHOH Na- H 
Ca-MoHTMOPH}]}]OHHTOM, no H30TepMaM aACOp61l,HH BOl\bl Na- H Ca-MOHTMOPHJIJlOHHTOM npH 298° H 
313°K H no OAROH aACOP6QHOHHOH H30TepMe H KaJJopHMeTpH'JeCKHM H3MepeHHSlM npH 298"K. IloJlHble 
BeJlH'JHHbl 3HTpOnHH YMeHbwalOTcSl H 3aTeM B03paCTaIOT, KOrl\a KOJlH'JeCTBO aACOp6HPOBaHHOH BOl\bl 
rrpH6J1H:lKaeTCSI K HYJlIO. B 06eHx CHCTeMax, KpHBble rrpH6JlH:lKaIOTCSI K BeJlH'JHHe 3HTporrHH cB060l\HOH 
:lKHI\KOH BOl\bl npu BbICOKOM cOl\ep:lKaHHH BOl\bI. 06cY:lKAaIOTCSI HeKOTopble l\eTaJJH TepMOI\HHaMHKH 
al\cop6aTa Ha HeHHepTHOM aAcop6eHTe. AByx-H30TepMHbIH MeTOI\ l\aeT H3MeHeHue 3HeprHU TOJlbKO 
BOAROH q,a3bI, TOrl\a KaK Ka/lOTeTpH'JeCKHH MeTOI\ l\aeT H3MeHHe 3HeprHH BceH CHCTeMbl (rJlHHbl, 
06MeHHblX KaTHOHOB, H aACOp6HPOBaHHOH BOl\bl). TOJlbKO KOrl\a H3MeHeHHSI 3HepruH B TBepl\OH q,a3e 
He3Ha'JHTeJlbHbl (= HHepTHOH nOBepXHOCTH) o6a MeTOl\a 1\0Jl:lKHbl nOKa3aTb CXOI\Hble pe3YJlbTaTbI. 
nblJla npeilJl0:lKeHa runoTe3a l\Jljf 06bSlCHeHHSI U3MeHeHUH 3HTporruu BOl\bI, al\cop6UPOBaHUOH Ha 
rJlUHUCTblX nOBepXHOCTSlX , B KOTOPblX fJlHHHCTaSI rrOBepXHOCTb Bel\eT ce6S1 KaK HeHHepTHble aACO
p6eHTbI. [N. R.] 

Resümee-Die integralen thermodynamischen Mengen von an Na- und Ca-Montmorillonit adsorbiertem 
Wasser wurden aus den Wasseradsorptionsisothermen auf Na- und Ca-Montmorillonit bei 298° und 3\3°K 
berechnet, sowie aus einem Adsorptionsisotherm und aus kalorimetrischen Messungen bei 298°K. Die 
Werte der intergralen Entropie nehmen ab und steigen dann wieder an, wenn die Menge des adsorbierten 
Wassers gegen Null geht. In beiden Systemen erreichen die Kurven den Entropiewert von freiem flüssigem 
Wasser bei hohem Wassergehalt. Die Thermodynamik des adsorbierten Stoffes auf einen nicht-inerten 
Adsorber wird detailliert diskutiert. Die Zweiisothermenmethode gibt nur die Energieänderung der Was
serphase, während die kalorimetrische Methode die Energieänderung des ganzen Systems (Ton, aus
tauschbare Kationen, adsorbiertes Wasser) liefert. Nur wenn die Energieänderungen in der festen Phase 
zu vernachlässigen sind (= inerte Oberfläche), sollten die beiden Methoden zu ähnlichen Resultaten führen. 
Es wurde eine Hypothese entwickelt, um die Werte der Entropieänderung von Wasser zu erklären, das an 
Tonoberflächen adsorbiert ist , bei denen die Tonoberfläche als nicht-inerter Adsorber wirkt. CU. W.] 

Resume-Les quantites integrales thermodynamiques d'eau adsorbee sur la montmorillonite-Na et -Ca ont 
ete calculees a partir d'isothermes d'adsorption d'eau sur la montmorillonite-Na et -Ca a 298° et 3\3°K, et 
a partir d'un isotherme d'adsorption et de mesures ealorimetriques a 298°K. Les valeurs integrales 
d' entropie deeroissent et ensuite augmentent a mesure que la quantite d' eau adsorbee approche zero. Dans 
les deux systemes les eourbes approehent la valeur d'entropie de J'eau liquide a haute teneur en eau. Les 
thermodynamiques d'un adsorbat sur un adsorbant non-inerte sont discutes en detail. La methode a deux 
isothermes ne donne que le changement d'energie de la phase eau , tandis que la methode ealorimetrique 
donne le changement d' energie du systeme entier (argile, eations eehangeables, et eau adsorbee). Les deux 
methodes ne devraient donner des resultats semblables que lorsque les ehangements d'energie dans la 
phase solide sont negligeables (surfaee inerte). Une hypothese a ete developee pour expliquer les donnees 
de changements d'entropie d'eau adsorbee sur les surfaees argiJeuses dans lesqueJles la surface argileuse 
se comporte comme adsorbant non-inerte. [D.J.] 
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