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Abstract- Sorption of aniline and its derivatives by montmorillonite substituted by cations of widely 
different acidity depends upon the polarizing power of the interlayer cations. Infra-red spectra indicate 
that the anilines are mostly bound to the interiayer cations through water molecules, except in Cs 
montmorillonite, where bonding to the oxygen surfaces of the alumino-silicate sheets seems to 
predominate. Anilines are weak bases, which compete with the oxygen surfaces for protons of acidic 
interiayer water. Consequently, the tendency of anilines to act as proton donors in the clay interiayers 
increases with the polarizing power of the exchangeable cation. The concept of 'basic' water is intro
duced to account for some of the features of the spectra of Cs montmorillonite treated with the organic 
ligands. 

THE TERM 'surface acidity' applied to smectites 
may be misleading. The oxygen sheets are, in fact, 
electron donors and only the interlayer water is 
acidic, imparting an overall acidic character to the 
clay. In reactions with strong bases such as am
monia (e.g. Mortland and Raman, 1968) or with 
aliphatic amines (F ripiat, 1963) only the net acidic 
effect has to be considered. However, in the 
presence of weak amphoteric organic bases such 
as aniline, the clay surfaces may compete with the 
organic base sorbed for the protons of the interlayer 
water molecules. The polarization of the inter
layer water depends on the exchangeable cations 
present. 

The reactions of different cations in the clay 
interlayers with water and aniline and of transition 
metal cations with water and various aniline 
derivatives have been described previously (Yariv 
et ai., 1968; Helier and Yariv, 1969). The present 
study is devoted to the sorption of various aniline 
derivatives by Wyoming bentonite saturated with 
ions of widely different acidity: Cs, K, Na, Mg, AI 
andH. 

EXPERIMENTAL 
The materials used and the experimental pro

cedures followed were the same as those previously 
described (Heller and Yariv, 1969). Unless other
wise stated, samples were immersed for 24 hr in the 
organic liquids and subsequently wiped with filter 
paper. 

RESULTS AND INTERPRETATION 

Infra-red spectra 

The frequencies observed in the NH2 , NH-O 
and CN stretching regions are listed in Table 1. 

K, Na, Mg, H and Al montmorillonites. Inter
layer associations of cations, water and various 
anilines have been divided into two types, I and 11, 
with direct N-Me and N-H20-Me bonds respec
tively (Yariv et al., 1968; Helier and Yariv, 1969). 
Type I associations are predominantly formed 
when the metal ions display a strong tendency to 
form complexes with the organic bases. 

The interlayer cations of the present samples do 
not tend to form type I complexes; faint indica
tions of such complexes were detected with Mg, 
K and N a montmorillonite samples and aniline, 
which show a very small band at 3270 cm-1*. How
ever, with hydrogen montmorillonite, at least, 
direct protonation of the organic bases might be 
expected, by analogy with the reactions of such 
clays with ammonia (Fripiat, 1963) or pyridine 
(Farmer and Mortland, 1966). But the spectra 
obtained with H montmorillonite treated with ani-

*The results obtained for aniline associations in this 
study are more accurate than those previously reported 
(Yariv et al., 1968) due to the more powerful grating 
instrument now available, which permits more accurate 
assessment of the positions and relative intensities of 
the peaks. 
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ACIDITY IN MONTMORILLONITE INTERLA YERS 303 

line derivatives show features similar to those of 
K, Na, Mg and Al montmorillonites and of type II 
complexes obtained with transition metals (Helier 
and Yariv, 1969) and differ entirely from the 
spectra of the corresponding anilinium or anilinium 
aniline samples (Fig. I). Only the spectra of Al 
montmorillonite immersed in aniline or m-toluidine 
show some resemblance to those of the correspond
ing anilinium aniline samples*). 

Frequency 
3~00 3000 2500 1800 1600 1400 1200 

f I 

AfL 

Fig. I. Infra red spectra of self-supporting films of (a) 
AI montmorillonite-m toluidine; (b) K montmorillonite-
2,5 dimethylaniline ; (c) AI montmorillonite-2 ,5 dimethyl· 
aniline; (d) H montmorillonite-2,5 dimethylaniline; (e) 
2,5 dimethylanilinium montmorillonite-2,5 dimethyl· 

aniline. 

Two structures of type 11, designated C and D, 
were previously postulated for aniline derivatives, 
in which the organic molecules act as proton accep
tors and proton donors respectively (Helier and 
Yariv, 1969). 

• See footnote on page 30 I. 

H 

I 

U~"H-?"Me 
H H 

(Cl 

H 
I UN-H- ·0· 'Me 

I I 
H H 

(D) 

Structure C contains a free NH2 and structure D 
a free NH group. Two bands, corresponding to 
asymmetric and symmetric NH2 frequencies should 
therefore appear for structure C, at 3400± 100 cm-I, 
but only one band for structure D in the same 
region. The spectra observed show two bands, but, 
as previously noted, their relative intensities differ 
greatly. It is concluded that both structures occur 
in varying proportions and that the NH stretching 
frequency of structure D either coincides with the 
asymmetric NH2 frequency of structure C or is 
too close to it to be resolved by the i.r. instrument 
used. 

Whenever the band corresponding to the asym
metric vibration is intense, so also is a broad 
band at 3130-3210 cm-I, the assignment of which 
is uncertain. It might be a combination band of 
NH2 deformation vibrations. However, Lippincott 
and Khanna ( 1965) ascribed it to N - H ... 0 vibra
tions in glycine and Peri (1965) suggested that a 
band at 3 100 cm-I may be due to hydrogen bond
ing of ammonia to surface oxygens of'Y alumina. 

The intensity ratios, RI and R t , of the asymmetric 
to symmetric NH2 vibrations and of the broad band 
at about 3200 cm-I to the symmetric NH2 vibra
tions respectively are given in Table 2. Since only 
relative values were considered, these were cal
culated from transmittance values, measured from 
an idealised base-line. Accurate values are difficult 
to determine and only general trends are significant. 
An increase in both RI and R2 indicates an increase 
in the proportion of structure D relative to C. 

The CN bond in structure D has much more 
double bond character than that in structure C. It 
is to be expected that the CN stretching of struc
ture C should be lower than that of the pure liquid, 
while that of structure D should be similar or 
higher. Indeed, one CN stretching of lower fre
quency than that of the pure liquid is always ob
served. With aniline a band at higher frequency can 
be unequivocally assigned to CN with more 
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Table 2. Intensity ratios of some selected bands of i.r. spectra 

Montrnorillonite K Na Mg H Al 

Aniline RI 0·58 0·59 0·70 0·72 0·91 
R, 0·09 0·07 0·22 
R3 0·40 

a-toluidine RI ]·0 0·92 ],60 ]·]5 2-57 
R, 0·05 0·03 0-47 0-08 0·57 
R3 0·37 0·39 0-60 0·60 0·85 

m-toluidine RI 0·68 0·70 0·85 0-82 1·00 
R. 0·38 0·09 0·26 
R3 0-20 0·21 0·23 0·25 0·50 

p-toluidine R, 0·70 0-60 0·78 0·75 1-00 
R, 0·23 0']5 0-40 
R3* 

2,5 dirnethylaniline RI 2·10 ]-75 2·87 2-00 4·60 
R2 0-25 ]·25 1·57 
R3 ]-25 ]-06 ]·40 1-67 

2,6 dirnethylaniline RI ]-50 1-50 2·25 2·00 5·50 
R, 0-30 0·20 1-50 1-30 3·60 
R" 0-20 0·25 0-23 0-45 

2,4,6 trirnethylaniline RI ]-7] 2-87 2-00 5-50 
R2 0·71 2-20 J.30 6·50 
Rs ]·43 J.37 1-45 1-60 ],75 

o-chloroaniline RI ],27 0-95 J-04 J.37 2-25 
R, 0-30 v. srn. 0-32 0·51 1-50 
R3 0·90 0·67 0-80 ]-00 J.37 

m-chloroaniline RI 0-85 0·90 0-93 1·11 1-63 
R2 0·23 v.srn. 0-29 0·28 ],27 

R3 0-96 1-08 0-93 ]·17 J.38 

*Reference peak is too broad to be useable (For definitions of RI, R2 , Rs 
see lext). 

double bond character. With the other ligands, 
bands are observed in the appropriate region, but 
due to overlap with CH bands they could not be 
identified with any degree of certainty. 

In Table 2, intensity ratios (R 3 ) are included of 
two bands in the CN stretching region: the one at 
higher frequency either corresponds to the CN 
bouble bond and is intensified by increasing pro
portions of structure D, or to a CH vibration, which 
is not appreciably affected by changes in structure 
from C to D. The band at lower frequency is 
assigned to CN with single bond character. An 
increase in Ra, like that in R, or R" therefore 
indicates an increase in the amount of structure D 
relative to C and the three intensity ratios generally 
show similar trends. 

Cs montmorillonite. The spectra of Cs mont
morillonite with aniline derivatives differ from 
those of the other clays studied. A very broad 
band occurs in the NH2 stretching region, which 
sometimes shows three, but more frequently four 
maxima. (Table 1 and Fig. 2a-c). With ortho
substituted anilines the strongest maximum ap
pears at higher frequencies than with other 
ligands-at 3385-3395 cm-t instead of 3345 cm-t. 
This suggests that in the absence of ortho-substi
tuents the NH vibrations may be more affected by 
the field of the Cs ions_ 

The broad band at 3130-3210 cm- l observed 
with other montmorillonites is sharpened with 
Cs montmorillonite-aniline associations and is 
shifted to higherfrequencies (3215-3250 cm-I). 
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Frequency 
3?OO 3?OO 2~OO 

Fig. 2. Infra red spectra of self-supporting films of (a) Cs 
montmoriIlonite-m toluidine; (b) Cs montmorillonite-2,5 
dimethylaniline; (c) Cs montmorilIonite-2,4,6 trimethyl
aniline; (d) K montmoriIIonite-2,4,6 trimethylaniIine; (e) 
K montmorillonite-2,4,6 trimethylaniline, heated in vacuo 
at IOO°C; (f) K montmorilIonite-2,4,6 trimethylaniline, 

after 48 hr immersion in organic liquid. 

Another feature distinguishing the spectra of Cs 
samples is the high intensity of the NH2 deforma
tion band at 1620-1630 cm-1• This band is intense 
for aniline dissolved in CCI4 and becomes weaker 
as H bonding increases. Its high intensity in the 
spectra of the Cs samples suggests that there is 
little H bonding of the NH2 groups. This conclusion 
is supported by the observed CN stretching 
frequencies, which are close to those of the pure 
liquids, indicating that the vibrations are only 
slightly perturbed. 

With aniline, however, an additional weak band is 
observed at 1315 cm-1• This must be regarded as 
a CN stretching frequency and indicates that a 
small proportion of the CN vibrations are strongly 
perturbed. Similar but weaker high frequency 

bands were also observed with Al montmorillonite 
and very faintly with K and Na montmorillonites. 
They disappear on heating in vacuo at 100°C. 
Simultaneously a maximum at 3345 cm-t, the low
est frequency observed in the NH2 stretching 
region, is weakened. It thus appears that the per
turbed CN vibrations and a strongly perturbed 
NH2 vibration may be assigned to the same 
molecules of the organic ligand. Since they are 
attenuated by heating at 100°C, they are probably 
associated with water. 

Cs has little tendency to retain water or to form 
complexes with organic molecules. The spectra 
show that most of the anilines in the Cs montmoril
lonite inter layers are held by weak hydrogen bond
ing, probably to the oxygen surfaces, either directly 
or through water molecules. However, on the clay 
surfaces there are regions of higher local charge 
concentration in the vicinity of positions of tetra
hedral substitution. Water held in these positions 
by H bonding becomes strongly polarized, with the 
negative ends of the dipoles projecting into the 
interlayers. Association of some aniline with such 
water molecules would account for the strong 
perturbation of part of the CN and NH vibrations. 
The fact that a similar, though weaker, effect is 
detected with montmorillonite saturated with AI 
ions, which are acidic, may perhaps be attributed 
to the high valency of this cation, which gives rise 
to a more localized neutralization of interlayer 
charge. Regions of negative charge concentration 
on the oxygen surfaces may attract water mole
cules, giving rise to effects similar to those observed 
with Cs montmorillonite. As the valency of the 
cation decreases, the charge distribution in the 
inter layers becomes more homogeneous and the 
intensities of the highly perturbed CN and NH 
vibrations decrease. 

Effect of prolonged immersion in the organic 
liquids or of heating the specimens under vacuum. 
Prolonged treatment of the samples with the 
organic bases or heating the clay aniline associa
tions under vacuum have one effect in common: to 
displace water molecules from the clay interlayers 
(on heating, some organic material is also lost). The 
spectra acquire a certain similarity to those of Cs 
montmorillonite, although most of the features of 
the original spectra persist. In the NH2 stretching 
region a broad band appears with several maxima 
(Fig. 2e, f). The NH2 bands become much broader 
and overlap; small shoulders detectable at 3345-
3425 cm-1 may be used as a criterion for the extent 
to which the original spectra tend to resemble those 
of the corresponding Cs montmoriIlonite samples. 
F or similarly treated montmorillonites, resemblance 
to Cs decreases in the order K > N a > H > Mg > 
AI. Analogous results are obtained with the other 
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ligands, though the effect is sometimes very weak 
and the position of H in the series varies. 

Chemical analyses 
The percentage of N retained by samples dried 

in vacuo at 100°C depends upon the interlayer 
cation and the organic ligand, as previously dis
cussed (HelIer and Yariv, 1969). There is a pro
nounced tendency for this percentage to increase in 
the order Cs < K < Na < Mg < AI, i.e. with in
creasing hydration energy of the cation. The posi
tion of H in this series depends upon the ligand. 
The amount of N retained by Cs montmorillonite 
ranges from 0·6 per cent for o-chloroaniline to 
1· 2 per cent for aniline, while corresponding 
samples of K montmorillonite retain O· 85 and 1·78 
per cent and Al 1·7 and 2·5 per cent respectively. 
The effect of the nature of the organic ligand 
has been discussed previously (Helier and Yariv, 
1969). 

Samples stored in tightly closed vessels in the 
presence of Mg(CI04h lose much of the sorbed 
aniline. With Cs montmorillonite most of the 
organic material was lost after 4 months' storage. 

DISCUSSION 

The effect of 'surface acidity' of smectites in 
relation to hydration, exchangeable cation and 
smectite structure has been discussed by Mortland 
and Raman (1968). They showed that protonation 
of sorbed ammonia occurred to a degree depending 
upon the hydrolysis constant (pK) of the interlayer 
hydration complexes and that the degree of pro
tonation may be regarded as a measure of the 
acidity of the system. Mortland (1968) pointed 
out that a correlation appears between the degree 
of protonation and the basicity of the sorbed nitro
gen bases ammonia, pyridine and urea. 

With weak amphoteric bases such as aniline 
or its derivatives, acidic water molecules do not 
necessarily donate protons to the interlayer organic 
material. The oxygen surfaces of the clay, which 
are negatively charged, also act as bases, compet
ing with the organic base for the protons of the 
water molecules. A distinction must therefore be 
made between the acidity of the interlayer water 
and the surface basicity of the clay layers. The 
acidity of interlayer water increases with increas
ing polarizing ability of the exchangeable cations. 

Although it has been contended that Cs, K and 
Na ions are unhydrated in the clay interlayers 
(Grim, 1968) this has been disputed for Na and K 
(e.g. Fripiat et aI., 1960; Mackenzie, 1964; RusselI 
and Farmer, 1964). The spectra of Na and K 
montmorillonites immersed in various anilines 
resemble those of all the other samples studied 
except Cs (Table I, Fig. 1). It appears that type II 

complexes are formed, indicating that some water 
molecules directly coordinated to the cations were 
not only present initially, but were sufficiently 
strongly bound not to be displaced by the organic 
molecules. The relative intensities of the bands 
show that the amount of organic base sorbed 
increases in the order Cs < K < N a < Mg < AI, 
i.e. with increasing hydration energy of the cation. 

In Cs montmorillonite, interlayer water is prob
ably associated with negative charge maxima on 
the oxygen surfaces. Some water molecules will be 
oriented with the positive ends of the dipoles to
wards the oxygen surfaces, thus imparting a basic 
character to the interlayer water. Such 'basic' 
water molecules are probably also present with 
other montmorillonites, as discussed. However, 
the greater the polarizing power of the interlayer 
cation, the more acidic the associated hydration 
shell. Thus, 'acidic' water predominates over 'basic' 
water and obscures its presence. The more acidic 
the hydration shell of an exchangeable cation, the 
stronger the hydrogen bonding to the clay surfaces, 
break them. Consequently the anilines tend to 
swelling in an aqueous medium. 

The present results show that with aniline and its 
derivatives, the ratio of structure D to C increases 
in the series K < N a < Mg < AI, i.e. with increas
ing polarizing power of the cations (Table 2). This 
suggests that, as the strength of the hydrogen 
bonds between the clay surfaces and the water 
of hydration of the cations increases, the basicity 
of the aniline molecules becomes insufficient to 
break them. Consequently the ani lines tend to 
act as proton donors and a metastable equilibrium 
is probably established. 

The NH2 and CN stretching frequencies ob
served with Al associations are consistently lower 
than those given by the other interlayer cations, 
indicating stronger hydrogen bonding. This is in 
agreement with the results of the chemical analyses, 
which show that after heating in vacuo at 100°C Al 
montmorillonite retains appreciably larger amounts 
of anilines than the other samples. 

The formation of structure D is favoured by 
ortho-substitution of the aniline molecules (Table 
2). This may be attributed to the reduced acces
sibility of the electron pair of the N atoms to H, 
due to steric hindrance, as previously discussed. 
(Helier and Yariv, 1969). Anilines with two ortho
substituents generally give rise to bands of slightly 
higher frequency than monosubstituted ones, 
indicating weaker bonding. 

In a previous study (Yariv et al., 1968) bands at 
2625 and 2650 cm-1 were ascribed to combina
tion bands of interlayer anilinium ions. On immer
sion in excess aniline, these bands turned into a 
broad band at 2500-2600 cm-1, which was assigned 
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to anilinium aniline. In the present experiments 
some spectra showed a broad band at 2600 cm-I, 
which, however, cannot be entirely attributed to 
anilinium aniline, since it is more intense with the 
AI- than with the corresponding H or anilinium 
saturated samples. The significance of this band 
is under investigation. 

The fact that the spectra of H montmorillonite 
with anilines differ from those of the corresponding 
anilinium associations proves that protonation 
of the aniline molecules does not predominate. It 
seems that the interlayer protons are 'fixed' by the 
oxygen sheets and that hydroxonium ions persist 
in the presence of weak bases, giving rise to struc
tures of type II. 

The spectra of montmorillonites saturated with 
various anilines and heated in vacuo at 100°C 
show a slight resemblance to the corresponding 
Cs montmorillonites. The similarity increases with 
decreasing hydration energy of the cation (except 
H). The amount of organic material retained, 
which is much less than that originally sorbed, 
decreases in ~he same order, as also does the 
sharpness of the X-ray patterns (unpublished). 
These observations suggest that, as the interlayer 
cations become dehydrated, the organic molecules 
retained are partly bonded directly to the alumino
silicate surfaces. 

Hydrogen bonding of anilines to alumino-silicate 
surfaces also occurs in allophane (Yariv and Helier, 
paper in preparation). Yet the spectra of allophane
aniline associations differ entirely from those of 
the variously substituted montmorillonites with 
anilines. With all cations except Cs this difference 
could be attributed to the bonding of the organic 
molecules to the interlayer ions in montmoril
lonite. However, the striking difference between 
the spectra of corresponding samples of aniline
treated Cs montmorillonite and allophane must 
largely be due to the intrinsic properties of the 
alumino-silicate surfaces. These are acidic in 
allophanes and basic in montmorillonites. Bonding 
of type (a) and (b) may therefore be envisaged for 
anilines held by allophane and Cs montmorillonite 
respectively. 

H 
I 

A1,Si-OH"j--<=> 

H 
or 

H H 

AI Si-OH ... b-H.' .l~ , T ""'----/ 
H 

(0) 

AI S· , ''\ I 
/

O ... H-N~ 

AI,Si~ 
or 

H 
Al,Si '-0 "o ... H-O •.. H-N 

./ ~ AI,S' 

(b) 

CONCLUSIONS 
Different types of acid-base equilibria obtain in 

the clay interlayers: the clay surfaces are basic and 
water molecules associated with centres of nega
tive charge acquire a 'basic' character. However, 
water of hydration associated with interlayer 
cations is 'acidic', the degree of dissociation 
increasing with increasing polarizing power of the 
cations. Except with Cs montmorillonite, 'acidic' 
water greatly predominates. 

In K, Na, Mg, H and Al montmorillonites aniline 
and its derivatives are bound to the exchangeable 
cations through water molecules. The oxygen sheets 
compete with the weak organic bases for protons 
of the water molecules and anilines consequently 
act as either proton donors (structure D) or proton 
acceptors (structure C). Structure D is favoured 
by increasing polarizing power of the interlayer 
cation and by steric hindrance arising from ortho
substitution of the organic ligand. 

The associations of Cs montmorillonite with ani
line and its derivatives differ from those of the 
other samples. The exchangeable cations are largely 
unhydrated and the sorbed organic molecules are 
probably primarily attached to the oxygens of the 
alumino-silicate sheets, either directly or through 
water molecules, but the organic ligands are also 
affected by the field of the interlayer Cs ions. 
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Resume- La sorption de I'aniline et de ses derives par du montmorillonite subsitute par des cations 
d'une acidite tres differente depend du pouvoir de polarisation des cations des couches intermedi
aires. Des spectres a I'infra-rouge indiquent que les anilines sont surtout liees aux cations des couches 
intermediaires par des molecules d'eau, a I'exception des montmorillonites Cs, oll semblent dominer 
la liaison des surfaces d'oxygene aux feuilles de silicate d'alumine. Les anilines sont des bases faibles, 
en concurrence avec les surfaces d'oxygene pour les protons de l'eau acide des couches intermedi
aires. En consequence, la tendance que montrent les anilines agissant en tant que donneurs de pro
tons dans les couches intermediaires d'argile, accroit le pouvoir de polarisation du cation echangeable. 
On introduit la conception d'une eau "basique" tenant compte de quelques caracteristiques des 
spectres de montmorilIonite Cs traite avec des ligands organiques. 

Kurzreferat- Die Sorption von Anilin und seinen Derivaten durch Montmorillonit, das mit Kationen 
sehr verschiedener Aziditat substituiert ist, hangt von der Polarisierleistung der Zwischenschicht
Kationen ab. Infrarotspektren deuten darauf hin, daB die Aniline im wesentlichen durch Wasser
molekiile mit den Zwischenschicht-Kationen verbunden sind, auBer bei Cs Montmorillonit, wo die 
Bindung an den Sauerstoffiachen der Aluminium-Silikatladen vorzuherrschen scheint. Aniline sind 
schwache Basen, die ebenso wie die Sauerstoffiachen Protone saueren Zwischenschichtwassers 
anziehen. Die Neigung der Aniline als Protonspender in den Tonzwischenschichten zu wirken, 
nimmt daher mit der Polarisierleistung des austauschbaren Kations zu. Der Begriff "basisches" 
Wasser wird eingefiihrt, urn einige der Merkmale der Spektren von Cs Montmorillonit, das mit 
organischen Bindem behandelt wurde, zu erklaren. 

Pe3IOMe--Cop6UHJI aHHJIHHa Hero npoH3BollHblX MOHTMOPHJIJIOHHTOM c 06MeHHblMH KaTHOHaMH 
BeChMa pa3JIH'lHOif KHCJIOTHOCTH 3aBHCHT OT nOJIJlpH3YIOIUeif CHJIbl MelKCJIOeBblX KaTHOHOB. 
MH<ppaKpacHble cneKTpbl nOKa3blBaIOT, qTO aHHJIHHbl 60JIbllIeIO qaCTbIO CBJl3aHbl c MelKCJIOeBblMH 
KaTHOHaMH nocpellcTBoM MOJIeKYJI BOllbl; HCKJIIOqeHHe COCTaBJIJleT Cs -MOHTMOPHJIJIOHHT, B 
KOTOPOM CB1I3h C KHCJIOPOIlHblMH nOBepxHocTlIMH aJIIOMOCHJIHKaTHbIX JIHCTOB, nO-BHIlHMOMY, 
npe06JIallaeT. AHHJIHHbl npellCTaBJIlIIOT CJIa6ble oCHoBaHHlI, KOTopble, KaK H KHCJIOpOIlHhle nOBe
pXHOCTH, cTpeMlITcll npHcoellHHHTh npoToHbl KHCJIOTHOif MelKCJIOeBOif BOllbI. CJIeIlOBaTeJIbHO, 
TeHlleHUHlI aHHJIHHOB lleifCTBOBaTb B KaqeCTBe npoToHHbIX 1l0HOPOB B MelKCJIOeBhlX npoMelKYTKax 
rJIHHHCTbIX MHHepaJIOB B03pacTaeT c YBeJIHqeHHeM nOJIlIpH3YIOIUeif CHJIhl 06MeHHoro KaTHOHa. 
ITpellJIOlKeHO nOHlITHe 06 'OCHOBHOif' BOlle IlJIlI xapaKTepHCTHKH HeKOTopbIX oc06eHHocTeif cneKTpOB 
Cs -MOHTMOPHIlJIOHHTa, 06pa60TaHHoro OpraHHqeCKIIMH JIllraHllaMII. 
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