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Abstract-The adsorption of butanol, hexanol, and octanol on alkylammonium c1ays of different chain length is studied. 
The adsorption at infinite dilution compares to the distribution of alcohol between alkane and water in bulk solution. The 
interlamellar phase of the montmorillonite acts as a solvent even more reactive than carbon tetrachloride. Hydrogen bonds 
probably occur between the OH group of the a1cohol and the NHa + group. The exchange of water by a1cohol on the 
interlamellar alkylammonium ion is the major factor in the transfer process. 
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INTRODUCTION 

Adsorption studies of n-aliphatie alcohols from dilute 
aqueous solutions on montmorillonites saturated with 
inorganie ions are scarce. Alcohol adsorption in Ca
bentonite increases with the chain length of the alcohol 
(German and Harding, 1969). Up to pentanol no ad
sorption is observed (Hoffmann and Brindley, 1960). 
Swelling of the clay occurs up to a certain alcohol con
centration (Brindley et al., 1969). The change in the in
terlamellar composition is however not determined. 

The adsorption of alcohols from toluene mixtures 
was followed in gelation studies of organo-bentonites 
(Jordan, 1949; Granquist and McAtee, 1963; McAtee 
and Cheng, 1967) and laponites (Neumann and Sansom, 
1970). A more quantitative study was made for the se
lective adsorption of n-alkylalcohol-bromide mixtures 
by montmorillonite (Heydemann and Brindley, 1968): 
the alcohol is more strongly adsorbed than the bromide 
indicative of a different adsorption mechanism. 

For the alcohol applied as a pure sorbate a number 
of papers describe the interlamellar structure of mont
morillonite with inorganic cations (Barshad, 1952; Mac 
Ewan, 1955; Brindley and Ray, 1964; Bissada et al., 
1967), with organie cations (Lagaly and Weiss, 1969) 
and of uncharged lamellae such as tetracalcium-alu
minumhydrates (Doseh, 1967) and oxidized graphite 
(Aragon and Castro Castro, 1969). 

The interlamellar organic cations change the hydro
philie character of the silicate surface. Weiss (1966) 
distinguishes three classes ofRNH3-clays depending on 
their affinity for water which was determined by shak
ing sampies in a mixture ofwater and toluene. The clays 
are classified as hydrophilie, neutral, or hydrophobie 
according to their tendency to concentrate in the 
aqueous phase, the interphase, and the toluene phase, 
respectively. An alternative approach will be given be
low by a more quantitative study of the adsorption of 
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alcohols from dilute aqueous solutions on RNH3-clays 
as a function of the chain length of the cation and the 
alcohol and of the charge density of the mineral. As in 
general adsorption isotherms can be considered as dis
tribution diagrams (Kipling, 1965; Giles, 1970), we will 
consider the interlamellar clay phase as an organic 
phase and will compare the adsorption of n-alcohols 
from aqueous solutions on the clays with a distribution 
over the system water-alkane, 

MATERIALS AND METHODS 

Preparation 01 the alkylammonium clays 

The fraction smaller than 0.5 /Lm of a Camp Berteau 
montmorillonite (Morocco) is separated using standard 
methods of centrifugation and is successively washed 
with acidified (pH = 3.5) and neutral normal NaN03 

solutions for the removal of hydroxy-aluminum com
pounds. It is stored at 5°C in the dark as a 2% suspen
sion. From this stock suspension 100 ml portions are 
transferred to dialysis bags and dialyzed to 10-2 N 
NaN03 before exchange with 10-2 N alkylammonium 
chloride solutions at room temperature. The alkylam
monium (further on indicated by RHN3+) solutions are 
renewed 4 times. Four pure methanol washes are car
ried out to remove the excess ions and the physically 
bonded amines. For ions in which the number of carbon 
atoms ne is ? 14 the exchange temperature is 50°C while 
methanol-water mixtures (2 to 1 ratio) are used as the 
solvent. Then the clays are dried at room temperature 
and 10-3 torr and passed through a 0.1 mm sieve. The 
methanol is completely removed by a 24-hr vacuum 
treatment (10-5 torr) and the clay is stored in a 80% rel
ative humidity atmosphere for 1 week. Llano vermic
ulite (U.S.A.) is ground and exchanged with octylam
monium for 1 week and subsequently treated 
analogously to the montmorillonite sampies. 
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Fig. I. Adsorption isotherms at 25"C of (a) hexanol on RNH3-montmorillonites (0) and on octylammonium vermiculite (e); (b) butanol on 
RNH3-montmorillonites. The arabic figures represent the number of carbon atoms in the cation. 

Colorimetric determination of alcohols 

A colorimetric method for the quantitative determi
nation of alcohols in solution is used. Higher alcohols 
can be dehydrated in the presence of cyclic aldehydes 
to form a colored compound (Komarowsky, 1910). The 
method can be made quantitative by a suitable choice 
of concentrations. It has been applied for the quanti
tative determination of fusel oil in distilled beverages 
(Boruff, 1959). Two-milliliter sampies are pipetted into 
15,ml test tubes. These are closed and cooled in an ice 
bath. One milliliter of a 1% p-dimethylaminobenzal
dehyde solution in 5% H 2S04 is added, and cooled again 
for another 3 min. With the tubes still in the ice bath 10 
ml of concentrated H2S04 is added and allowed to cool 
for 3 min. The tubes are then transfeITed to a water bath 
at tOO°C for 20 min for color development, cooled again 
in the ice bath and brought to room temperature. The 
percent transmittance is determined on a Shimadzu 
QV-50 spectrophotometer at 504 nm. The accuracy is 
±t%. 

Adsorption isotherms 

Adsorption isotherms are obtained by the equilibri
um dialysis method. Two hundred milligrams ofRNH3-

clay is weighed into a dialysis bag and 5 ml of distilled 
water is added. These bags are placed in 20 ml of 
aqueous alcohol solutions in polyethylene tubes. The 
applied concentrations varied from 5 to 90% ofthe sol
ubility limit. Equilibrium is obtained after 5 days end
over-end shaking at 25"C. The amount adsorbed is de
rived from the differences between the initial and the 
equilibrium concentration. Hexanol adsorption at 25°C 
is measured by the colorimetric method. Butanol ad-

sorption on RNH3-montmorillonites at 25°C, hexanol 
and octanol adsorption on dodecylammonium mont
morillonite at 5", 25°, and 45°C are determined by ra
diotracer methods using C14 labeled alcohols (ICN Tra
cerlab, Waltham, Mass.). Radiometric assays are taken 
on 5-ml aliquots of the initial and equilibrium solutions 
using a 2425 Packard liquid scintillation spectrometer. 
Adsorption on tubes and bags is negligible (less than 1% 
of the amount adsorbed by the clay). 

X-ray powder diffraction 

X-ray powder diffraction experiments are carried out 
in order to determine the basal separation d(OOI) of 
RNH3-montmorillonites in water. The suspension is 
brought into Lindemann glass capillaries wh ich are 
sealed using a very small toreh, and are mounted into 
a Debye-ScheITer camera (diameter 114.6 mm). A Phil
ips X-ray diffraction instrument with CuK" radiation is 
used. The accuracy of the d(OOl) values is of the order 
0.04 A. 

Alcohol distribution between water 
and n-alkanes 

The partition of butanol, hexanol, and octanol be
tween water and two alkanes (hexane and octane) is 
investigated at 5°, 25°, and 45°C. Ten milliliters 0.002 
M C14 tagged aqueous alcoholic solutions are shaken 
with 10 rnl alkane for at least 1 hr. After equilibrium and 
phase separation I-mI portions of both phases are as
sayed. Precautions are taken to obtain equal counting 
efficiencies in both phases in order to calculate the dis
tribution ratios. 

The alkylamines, aikanes, and alcohols are pur-
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Fig.2. Adsorption isothenns of hexanol (a) and oetanol (b) on dodecylammonium clay at 5°C (0), 25°C (x) and 45°C (0). 

chased from Fluka in the purest available grade and are 
not further purified. Alkylammonium forms are ob
tained by titration with HCI. 

RESULTS 

The composition of the RNH3-montmorillonites at 
80% relative humidity is given in Table 1 in weight per
centages of framework, exchangeable cations, and 
water. The structural formula (R-NH3)o.41 
(Si44+)lV(AI1.453+Mgo.3i+Feo.223+) VIOlO.03S(OHh - XH 20 
is the one as given by Cremers (1968) corrected for iso
morphic substitution as calculated by Stul and Mortier 
(1974) and adapted to satisfy the electrical neutrality 
condition. The amount of RNH3 is determined by cal
cination at 800°C and chemical analysis of the RNH3-
content. The vermiculite has acharge density of 0.7 e/ 
(Si,A1)40tO (Lagaly and Weiss, 1970). 

The d(OOl) spacings and the interlamellar water con
tent of the different RNH3-clays in water are shown in 
Table 3. The volume of the interlamellar water is cal
culated by subtracting the volume of the interlamellar 
RNHa + -ions from the total interlamellar volume. A clay 
surface of 700 m2/g with a me an charge density of 0.34 
cations per 46.5 A2 or 0.85 10-3 mole RNH3+-ions is 

Table I. Chemical composition of the sampIes, derived from 
thennogravimetric data and alkylammonium detennination (weight 

%), x is the number of water moleeules per fonnula uni!. 

D, 10 12 14 18 

% framework 82.1 81.8 80.5 77.7 75.2 ,74.63 72.6 
% cations 6.7 9.5 11.8 13.8 15.7 17.91 22.0 
% water 11.2 8.8 7.7 8.5 9.1 7.46 5.4 
x 2.78 2./8 1.95 2.23 2.47 2.Q3 1.51 

used in the calculations. The volumes of the RNH3 +
ions (Table 3) are found from their length measured on 
catalin models and a cross section of 20 A 2 (Barrer et 
al., 1967). Generally an increase ind(OOl) spacing and 
interlamellar water content is observed in going from 
hexylammonium to dodecylammonium clay. Octyl
and decylammonium clay have the same basal spacing 
of 18.6 A. On account of the higher volume of decylam
monium its interlamellar water content is lower than the 
one for octylammonium clay. 

The adsorption isotherms of hexanol on Na- and 
RNH3-montmorillonites and on octylammonium ver
miculite are shown in Figure la. Figure 1 b shows the 
data ofbutanol on C 12 , Cg, and C 18. The amount of al
cohol adsorbed is calculated per gram dry silicate 
framework. The adsorption is seen to increase with the 
chain length of the RNH3-ions and with the number of 
these ions per unit cell as is deduced from the higher 
adsorption data on octylammonium vermiculite co m
pared to oClylammonium montmorillonite. The effect 
oftemperature on the adsorption process is studied for 
hexanol and octanol on dodecylammonium montmo
rillonite (Figures 2a and b). The adsorption is endo
thermic. 

The influence of the alcohol chain length on the ad
sorption can be seen by comparing the isotherms for 
butanol (Figure lb), hexanol (Figure 2a), and octanol 
(Figure 2b) on dodecylammonium montmorillonite. In
creasing the alcohol chain length by four CH2-groups 
results in an adsorption rise by a factor of 10 at 5 mmole/ 
liter. A comparable increase in RNH3 chain length in
creases the adsorbed hexanol by a factor 3 to 4 at the 
same equilibrium concentration. Alcohol adsorption is 
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Table 2. Standard free energies (~ßG&) at 25°C in kJ/mole, enthalpies (ß,,ßH&) in kJ/mole and entropies (~ßSO) in J/mole, deg. of alcohol 
transfer at infinite dilution from the water phase to the alkane- and interlamellar R-NH3 phase. The standard thermodynamic data of 
solutions of alcohols in water (/l·G&, /l·H"), alkane (/lßG&, /lßHO) and R-NH3+ c1ays (Il"G&) are also given. ne indicates the number of carbon 

atoms in the alkane and alkylammonium chain. Data marked with an asterisk are taken from Aveyard and Mitchell (1%9). 

Water 

Alcohol Jl.aG· AUH& ne Jl..ßG· Jl..ßHo 

6 
C.H.OH 9.00* -8.99' -1.03 32.85 
C.H13OH 16.35' -5.77* -7.71 25.33 
C,H17OH 23.50* - 3.34* -12.75 10.66 

8 
C.H.OH -1.26 35.28 

-0.80' 31.40* 
C.H13OH -7.90 24.66 

-6.89* 28.10* 
C,H17OH -13.18 12.41 

10 
C6H13OH 

12 
C.H.OH -0.80' 31.40* 
C.H13OH -7.39* 28.10* 
C,H17OH 

thus more sensitive to the alcohol chain length than to 
the R-NH3 chain length. 

The distribution of alcohols between water and al
kanes is usually expressed in terms of mole fraction ra
tios (Aveyard and MitchelI, 1969). The corresponding 
standard free energy of transfer is given in Table 2 to
gether with the standard enthalpy and entropy. The 
chemical potentials of the solute in both the aqueous 
(0') and alkane phase (ß) are defined on the molar frac
tion scale by 

(1) 

and 

(2) 

in which the standard state is the hypothetic unit mole 
fraction, while YA ~ 1 as XA ~ O. The standard free 
energy of transfer of a monomeric solute molecule from 
the aqueous phase to the organic phase is obtained by 

p.T is the distribution ratio obtained at high dilution, 
where it is implicitly understood that only monomeric 
alcohol molecules are present. The free energy of trans
fer is mainly determined by the alcohol chain length 
(Table 2). An average increment in A./G1t of -2.9 kJ/ 
mole per CH2-group in the alkyl chain of the alcohol is 
observed which is comparable to literature data (Ki
noshitaetal., 1958; Shinodaetal., 1963; Somasundaran 
et al., 1964; Hanssens et al., 1968; Aveyard and Mitch
eII, 1969). The effect of the chain length of the alkane 
is small (0.1 kJ/mole, CH2). The thermodynamic data 
relating to the distribution at high dilution are obtained 

Alkane Interlamellar RNH, 

Jl..ßS· Jl."G· ,,1,,/:IH& Jl..iiG· Jl..iiH· Jl.ßGo 

113.70 7.97 23.9 
110.90 8.64 19.6 -14.55 +1.80 
78.60 10.75 7.3 

122.60 7.74 26.3 
110' 8.20* 22.7* 
109.30 8.45 18.9 -15.54 +0.81 
120* 9.40* 
85.90 10.30 9.1 

-16.03 -0.32 

110* 22.5* -17.26 -8.26 
121* -18.00 23.98 -1.65 

-23.81 16.68 -0.31 

at only one concentration ofthe alcohol but are a mean 
of three independent determinations. (The error is 
smaller than 1%.) This procedure is justified since at 
low alcohol concentration (0.002 mole/liter) the distri
bution coefficients are constant and equal to their value 
at infinite dilution (Aveyard and MitchelI, 1969). 

DISCUSSION 

Distribution 01 alcohol between 
water and alkane 

The free energy of transfer is a composite of the free 
energy of solution of alcohol in the aqueous (.:1"G1t) and 
alkane (.:1ßG1t) phase according to: 

~ßG1t = .:1ßG1t - .:1"G1t 

U sing .:1"G1t values calculated from the data of Aveyard 
and Mitchell (1969) and extrapolated to octanol .:1ßG1t 
values are found and shown in Table 2. A slight increase 
in the absolute value of the free energy of solution in 

Table 3. Comparison of In Px and In K,p. for the adsorption of 
butanol, hexanol, and octanol on alkylammonium montmorillonites 
of different chain length ne • The d(OOI) spacings of the pure 
alkylammonium clays in water and the volume of the interlamellar 

Butanol 

Hexanol 

Octanol 

n" 

12 

6 
8 

10 
l2 

12 

water are also given. 

Volume 
alkyl· 

ammonium 
(Ä') In P, In K sp. 

369.2 7.0 4.6 

218 5.9 5.2 
268.4 6.3 3.8 
318.8 6.5 4.2 
369.2 7.3 4.8 

369.2 9.7 7.4 

Volume of 
interlayer 

d(~I) water 
(10" Ä3) 

20.0 1.75 

13.6 0.28 
18.6 1.78 
18.6 1.52 
20.0 1.75 

20.0 1.75 

https://doi.org/10.1346/CCMN.1978.0260501 Published online by Cambridge University Press

https://doi.org/10.1346/CCMN.1978.0260501


Vol. 26, No. 5, 1978 Adsorption of alcohols. Part I 313 

7 

0-0-0-
0-0 .. 

.0,6 
oP 

12 

P" o (a) 

,0' 
6 0'0 

ocf 

0.2 0.4 

In~/O-12 

10rf 
/ 

0.2 0.4 

Fig.3. Ln Pr as afunction ofthe mole fraction in the interlamellar phase for (a) hexanol, (b) butanol (6), hexanol (0), and octanol (0) on different 
RNH3+ c1ays. The arabic figures represent the number of carbon atoms in the alkyl chain. 

alkane is observed on increasing the alcohol chain 
length. The ~/JG& is independent of the alkane used. 
Comparing ~aG& and ~/JG" for the different alcohols it 
follows that the higher alcohol preferably solvates in 
the alkane phase. This phenomenon can be ascribed to 
the difference in energy involved in the creation of a 
hole in water or in an organic solvent to locate a CH2-

group. To a first approximation the interaction between 
a CH2-group and an organic solvent (inert or active) 
equals the interaction between a CH2-group and water 
(Hanssens et al. , 1968). 

The transfer of alcohol from water into alkane is an 
endothermic process (Table 2) which is believed (A ve
yard and Mitchell, 1%9) to be mainly due to the de
hydration of the hydroxyl group upon the transfer. A 
decrease in the enthalpy of transfer from about 33 kJf 
mole for butanol to = 12 kJfmole for octanol is ob
served (Table 2) . .:l,./H for butanol and hexanol com
pare relatively weil to the data of Aveyard and Mitchell 
(1969) especially in view of the uncertainty in the de
termination of ~!H from the temperature dependency 
of the equilibrium. Our ~!H value for octanol (= 12 
kJfmole) is however much lower than the 26 kJf 

mole extrapolated from the data of Aveyard and Mitch
eIl (1%9). From 

(4)* 

in wh ich .:l/JH" and .:laH& stand for the heat of solution 
of alcohol in alkane and water respectively and using 
~aH& data of Aveyard and Mitchell (1%8), ~/JH& is cal
culated and shown in Table 2. A decrease is observed 
from about 25 (butanol) to =19 (hexanol) and =8 kJf 
mole (octanol) on both alkanes studied. The latter value 
is found by using a ~aH& value of3.34 kJfmole obtained 
by extrapolating the data of Aveyard and Mitchell 
(1968) to octanol. They find a constant ~/JH" of 22.4 
kJfmole, independent of the alcohol-alkane combi
nation a result wh ich is intermediate between our bu
tanol and hexanol data. 

Alcohol distribution between water and the 
interlamellar alkylammonium phase 

All the adsorption data with the exception of butanol 
follow an S-type isotherm, which is characteristic in the 

• In the V.S. (4) would be: ~!Ho = ~ßHo - ~aHo' 
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adsorption of solutes which (a) are monofunctional, (b) 
have a strong tendency to associate and (c) strongly 
compete with the solvent for substrate sites. However, 
diagnosis of adsorption mechanisms based only on the 
shape ofthe isotherm must be treated with caution. The 
final result of the adsorption of aIcohols on clay min
erals results from the superposition of several phenom
ena. The adsorption can occur: (1) in the interlamellar 
space; (2) on the basal surface in mono- or multimolec
ular layers; (3) on the edges; (4) in capillaries created 
by stacking of clay particles. 

The following discussion will be restricted to the phe
nomenon at high dilution ofthe aIcohol, while it will be 
supposed that mainly adsorption in the interlamellar 
space occurs. The amount of aIcohol present in the in
terlamellar zone is approximated by assuming that al
cohol adsorption occurs proportionally to the available 
surface. The interlamellar surface, the edges, and basal 
surfaces correspond, respectively , to 89.3, 6.46, and 
7.24% of the total surface. The interlamellar alkylam
monium content is taken to be 0.85 10- 3 mole/g as pre
viously mentioned. 

To compare the distribution data of aIcohols between 
an organic phase and water with the adsorption of al
cohols on RNHTclays the interlamellar phase is treated 
as an organic solvent. Interlamellar water will be ne
glected or assumed only to perturb the quantitative 
treatment. Accordingly distribution constants Pr = 
X/JIXA(X are calculated and plotted as a function of xiJ 
in Figure 3a and b. Calculations are made on interpo
lated values of smooth drawn adsorption isotherms. 
The chemical potentials of the species are defined anal
ogous to equations (I) and (2) in which now ß stands 
for the adsorbed phase. 

with 

and 

/LA" = /LA &." + RT In XA" 

/LAß = /LA &.ß + RT In x/i 

ROH 
x Aß = -==~~==,--

ROH + RNH3+ 

ROH 
XA"=--- ---

ROH + H20 

in which ROH and RNH3+ are respectively the mole 
numbers of alcohol and alkylammonium in the clay 
phase (expressed per gram backbone clay); ROH and 
HzO stand for the mole numbers of alcohol and water 
in the equilibrium solution. Since only the data extrap
olated to infinite dilution are used , ideal behavior is as
sumed as is reflected in the neglect of the activity coef
ficients . From the value of In Px at infinite dilution the 

-ata+ 
(kJ/mole) 

18 

16 

14 

Fig. 4. 4.'G~ for butanol (L':.) and hexanol (0 ) on RNH.-montmoril
lonites as a function of the cation chain length. 

free energy of transfer of a monomeric aIcohol from the 
water to the R-NH3 + phase is obtained and plotted in 
Figure 4 as a function of the RNH3 + chain length. A 
linear relation is obtained . The mean increment per 
CH2-group of the RNH3 + is -0.68 kJ/mole for the ad
sorption of hexanol in the RNH3 + series C6 to C 12, and 
-0.17 kJ/mole in the case of butanol between C,2 and 
CS RNH3 + chains.ln Pr increases with the hexanol and 
octanol occupancies, while for butanol the reverse be
havior isobserved. 

If the distribution are calculated by taking all the ad
sorbed alcohol and alkylammonium into account, In Px 

values are obtained which are 3 to 5% lower than the 
present data. 

Comparing the tl .. }G& ofbutanol , hexanol and octanol 
on dodecylammonium clay, in Table 2, an increase of 
-0.37 kJ/mole CH2 is observed between butanol and 
hexanol , while -2.9 kJ/mole is found between hexanol 
and octanol. This result is comparable with the one of 
Aveyard and Mitchell (1969) in the range butanol to 
heptanol (-3.3 kJ/mole) where it is found to be inde
pendent of the chain length of the alkane (ne = 8, 10, 
16). The differences in tl"ßG& observed on increasing 
the aIcohol chain length may thus be explained analo
gously to the distributions of several alcohols between 
water and alkane as being primarily due to interactions 
of aIcohols in the aqueous phase. 

The absolute values of tl"ßG& exceed the ones of 
tl,/G& by a factor of at least 2 for all the combinations 
of alcohol and alkylammonium studied (see Table 2). 
Bycomparing the tljG of hexanol e.g., with tljG of 
hexanol in different solvents of increasing affinity (cy
clohexane -6.87, Hanssens et al., 1968, hexane -7.7, 
this work, CCI4 -9.48 kJ/mole, Hanssens et al. , 1968), 
it is deduced that the adsorbed alkylammonium acts as 
an even stronger solvent than CCI4 • In the interlamellar 
phase specific bonds are formed, most probably be
tween the OH groups of the alcohol and the -NH3 + 
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Fig. 5. LnK,p. as a function of the mole fraction in the interlamellar 
phase for butanol (6), hexanol (0), and octanol (0) on RNH3+-ciays 

of different chain length as indicated by the arabic figures . 

groups of the alkylammonium ions. Since the adsorp
tion of hexanol on Na-clay is almost negligible, the in
teraction between alcohol and the clay framework oxy
gens is considered as less importnat (Laby and Theng, 
1964). The interaction of alcohols with the alkyl chain 
of the RNH3 + is considered as nonspecific and com
parable to their interaction with alkanes. 

Since ~ilG& = ~G& - il"G& using il"G& values 
given in Table 2, ilßG& is calculated. The absolute 
values of ilTiG& compared to .:lßG& indicate the pref
erential solvation ofthe interlamellar (alkylammonium) 
phase by the alcohols. Dodecylammonium mo nt
morillonite dissolves better in butanol than in hexanol 
and octanol as seen by the ~G& data which respec
tively vary from -8.26 to -1.65 and -0.31 kJ/mole. 
This result is qualitatively comparable to the de
creasing dissolving power of the alcohols on increasing 
their chain length (see ilßG& in Table 2). _ 

In the case ofhexanol the variation of ~ßG& with the 
number of carbon atoms in the alkyl chain definitely 
exceeds the change of ~ßG& as exemplified in Figure 
4. The cOITesponding ililG& values (Table 2) for hexanol 
range from + 1.80 (ne = 6) to -1.65 (ne = 12) kJ/mole. 
The variation of ilßG& for hexanol with the RNH3 + 

chain length is 0.58 kJ/mole and per CH2 while the 

variation of ilßG& is to 0.1 kJ/mole nearly independent 
of the alkane chain length (see Table 2). 

Summarizing, one can say that for hexanol the 
change of ~ilG& and ilßG& with the number of carbon 
atoms in the alkylammonium chain exceeds the corre
sponding changes in ~ßG& and ilßG&. On the other 
hand ~ßG& and ilßG& are constant for an alcohol in dif
ferent alkanes. The differences observed on the surface 
on adding a CH2-group to the alkylammonium chain 
originates from the fact that the alkylammonium is ad
sorbed onto a surface. Other factors than those acting 
in solution could be invoked, such as the adsorbed 
water, which we neglected and/or the spatial restric
tions in the interlamellar phase. 

As the free space, which is correlated with the d(OOI) 
spacing of pure water RNH3-clays ßses towards do
decylammonium the increase of ~ßG& in the case of 
hexanol seems to be correlated with the smaller inter
lamellar restrictions imposed. However as the volume 
of the interlamellar water (see Table 3) rises from hex
ylammonium clay to dodecylammonium clay with the 
exception of octylammonium, hexanol will encounter 
more difficulties in solubilizing in the interlamelJar so
lution since il"G& is more endergonic than ilßG&. Nev
ertheless, the reverse behavior is observed . 

.:lßG& is constant, or in any case increases only slight
ly (=0.1 kJ/mole), between octane and dodecane (Ave
yard and MitchelI, 1969). Assuming that the interla
mellar water is present as hydration water of the 
alkylammonium ion and as free water, the unfavorable 
baITier created by the presence ofthe free water should 
be surmounted to explain the observed data. The lower 
solubiJity of the longer alkylammonium ion can explain 
the observed effect either by the weaker water-alkane 
interaction (or eventually a smaller water-NH3 + inter
action). 

The smaller increment per CH2 group observed in the 
adsorption of butanol in the range of RNH3 chain 
lengths of CI2 to CIS is probably due to the smaller sol
ubility dependency on the RNH3 + chain length between 
CI2 to CI8 compared to the short chain RNH3 + -ions. 

The foregoing points to the conclusion, that apart 
from possible influences of the interlamellar water the 
R-NH3 + acts analogously to an alkane phase but is a 
better solvent for the alcohols. It is believed that the 
total effect is a composite of specific interactions of the 
alcohol with the -NH3 + -group and a nonspecific in
teraction on the alkyl chain analogous to the distribu
tion of alcohols between water and alkane. 

The relative preference of an alcohol versus a water 
molecule for the solvation of an alkylammonium ion in 
the interlamellar space can be obtained by considering 
the folJowing equilibrium: 

R-NH3+ - H20 + ROH~ R-NH3+ - ROH + H20 

Defining the chemical potentials of the alcohol as 
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and 

(7) 

together with two analogous equations for water: 
f.L)3 and f.Lwa in which 

ROH, H20 and ROH, H 20 are the mole numbers of 
alcohol and water in the clay phase and the aqueous 
phase, respectively. The amount ofinterlamellar water 
is calculated from the d(OOl) spacings in an analogous 
way as forthe pure R-NH3+-clays, taking due account 
of the adsorbed alcohol and alkylammonium ion. Only 
the data at low alcohol concentrations where the d(OOI) 
spacing remains the same as the one ofthe pure water
alkylammonium clay complex are considered. The 
standard state for f.LAa and f.LAß is the hypothetical ideal 
unit mole fraction, while 'Y tends to unity as x A * tends 
to zero. In the case of f.Lwa and f.Lwß the pure solvent is 
taken as standard while its activity coefflcient ap
proaches unity as x w * ~ 1. At infinite dilution the ac
tivity coefficients are unity and d w AG~ refers to the re
placement of water by alcohol on the R-NH3+ clay 
through. 

(8) 

Plots of In Ksp. as a function of the interlamellar mole 
fraction of alcohol (x i) are then obtained and shown 
in Figure 5. The values ofln Ksp. extrapolated to infinite 
dilution are compared with In P x in Table 3. The alcohol 
water distribution is in favor of the alcohol. On dode
cylammonium clay In Ksp. increases from 4.6 (butanol) 
to 4.8 (hexanol) and 7.4 (octanol). The same trend was 
also observed for In Px . Hexanol adsorption on differ
ent RNH3 + clays is correlated to the chain length of the 
RNH3+-ion, as was the case for In Px , ifhexylammon
ium clay is not considered. 

The replacement of water by hexanol on R-NH3 + 
clays varies from -9.4 (octylammonium) to -11.8 (do
decylammonium) and -12.8 kJ/mole (hexylammon
ium) which are reasonable values for the difference in 
solvation of an amine by water and alcohol. Since the 
Ksp. is ca1culated by taking all the interlamellar water 
into account, it also suffers from the presence of the 
variable amount of free water (not bound to the 
R-NH3+) in the interlamellar solution. In this respect 
the higher value observed on hexylammonium clay cor
relates with the low interlamellar volume of water. The 
comparison ofln Ksp. with In Px in any case reveals that 
most of the effect of transfer is due to the a1cohol-amine 
interaction. 
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Pe3IDMe- H3y~anacb ~COp6~HH 6YTaHOna,reKCaHona H OKTaHona anKHnaMMOHHeB~
MH rnHHaMH C pa3nH~HOA ~HHOA ~enH. ~COp6~HH npH 6ecKOHe~HOM paCTBOpeHHH 
CpaBHHBaeTCH C pacnpe~eneHHeM anKOrOnH Me~~y anKHneHOM H BO~OA B 06beMHOM 
paCTBOpe. Me~nnaCTHH~aTaH ~a3a MOHTMOpHnnOHHTa ~eAcTByeT KaK paCTBopHTenb, 
~~e 60nee XHMH~eCKH aKTHBH~,~eM ~eTNpexxnopHcT~ yrnepo~. BO~opo~H~e 
CBH3H,B03Mo~Ho,noHBnHroTcH Me~y anKoronbHoA rpynno~ OH H rpynnoA NH~. 3a
MeHa BO~ anKoroneM B Me~nnaCTHH~aTOM anKRnaMMOHHeBOM HOHe HBnHeTCH rnaB
HNM ~aKTopoM B npo~ecce nepeHoca. 

Kurzreferat- Die Adsorption von Butanol,Hexanol und Oktanol auf Alkylammo
niumtonerden mit verschiedenen Kettenlängen wurde untersucht.Die Adsorption 
bei endloser Verdünnung ist mit der Verteilung von Alkohol zwischen Alkan 
und Wasser in Massenlösungen vergleichbar.Die interlamelare Phase des Mont
morilloniten benimmt sich wie ein Lösungsmittel,welches noch reaktiver dIs 
Tetrachlorkohlenstoff ist.Wasserstoffbrücken kommen wahrscheinlich zwischen 
den OH-Gruppen des Alkohols und der NHa+Gruppen vor.Der Austausch von Was
ser durch Alkohol auf den interlamellaren Alkylammoniumionen ist der Haupt
faktor in diesem übergangsprozeß. 

Resume-L'adsorption de butanol,d'hexanol et d'octanol sur des argiles 
alkylammonium de longueur de chaines differente cst etudiee.L'adsorption 
a dilution infinie peut etre comparee a la distribution d'alcool entre 
l'alkane et l'eau dans la solution totale.La phase interlamellaire de 
lamontmorillonite se comporte comme un solvant plus reactif encore que 
le tetrachlorure de carbone.Les liaisons d'hydrogene surviennent sans 
doute entre le groupe OH de l'alcool et le groupe NH~ .L'echange d'eau 
par l'alcool sur l'ion interlamellaire alkylammonium 3est le facteur majeur 
dans le processus de transfert. 

https://doi.org/10.1346/CCMN.1978.0260501 Published online by Cambridge University Press

https://doi.org/10.1346/CCMN.1978.0260501

