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INTERACTIONS OF ALACHLOR WITH HOMOIONIC 
MONTMORILLONITES1 

.. : ...... _ .. , . ~- :::i~~ .. , ' . ::·:~~~1~?:; 
. >y!M:;.~9. ·: < .9;:'~,,-~~~?L' ~o ·p: :FU$1"- ·'- ,. : ·;.~ '· ·. 

!:lJ,d~i.~.il~~' )(-tJ:J(j~~rti,it~ii~e AJ&Chlor£,:~bicid!ls was positively correlated with soil or- ;:'~~~};\'S/Jf. 
i!u.l~ijljif~!Wtm·~~-li~J~~:e(l!•i'!'ltlli;·aifi~r~-1;:~;·kani<:·mattei-·~ndday.c<)ntentandmverselywith.;:.::;~p~i~~~W~ 

·.NS:.:t;;:• ;~herbicidal actiVity (Ba]Jard and Santelm.ann·,;}~.J-~::;jA\'1.::~ 
wcw•-:'st~tdi.•tttt··in:~.:-·19:13~ :Paro-~be«;l· 1973; Weber and Peter 1982;·.::. ~;<;>;:};::' 

isosteric beats of adsorption were also de
termined. The interaction of Alachlor with 
bomoionic montmorillonite& was also stud
ied by FT-IR spectroscopy In an organic 
solvent. The results indicated tbat the mol
ecule is adsorbed on monoionic montmoril
lonite by a coordination bond, through a 
water bridge, between C-0 groups And 
the exchangeable cation of the clay. Fur
ther, the coordination strength is directly 
correlated with the polarizing power of the 
cation. X-ray diffraction analyses showed 
that the herbicide was able to penetrate the 
interlayer spaoo of montmorillonite satu
rated with polyvalent cations. On moder
ate heating (70°C for 6 h) Alachlor ad
sorbed on AI·, Cu-, Ca-, Mg-, and NH .. -clay 
is partially decomposed to 2-chloro-2' ,6' ~ 
diethylacetanilide. 

Alachlor (2-chloro-2' ,6' -diethyl-N -methoxy
methy! acetanilide) is a pre-emergence herbicide 
used for weed control in soybeans, corn, and 
peanuts. This herbicide is used extensively in 
Italy in common agricultural practice. The ad-
3orptiou uf Aladtlot· auu ut.ln:c ;;...:utauilltl., li"r· 

1 Research supported by National Research Council 
of Italy, Special Project R.A.I.S.A., Sub-project no. 2, 
Paper 1:0. 376. 

-~- 2 Dip~rtimento di Scienza del Suolo e Nutrizione 
della Pianta. UnivetsitA di Firenze and Centro di 
Studio per i Colloidi del Suolo, C.N.R., Firenze, Piaz
la!e Cnscine 28, 50144 Firenze, Italy. 

Received Dec. 17, 1991; accepted May 15, 1992. 

'Peter Ei.nd.Weber 1985). · · "•\•,-~--·-''·' 

· Ballard and' Santelmann. (1973) found. 

heJ:btc:ide was ad!mrlbed 
Ca-organic matter and a Ca-montmorillonite in 
similar amounts at low equilibrium concentra
tions. At high equilibrium concentrations, much 
higher amounts of Alachlor were adsorbed by 
Ca-montmorillonite than Ca-organic matter. 

Degradation is a slow biological process for 
Al11r.hlm 11nrl ot.h!~~ .Rr.P.t.RniJirlP. hP.l'hi.,iclP.s (~hArp 
1988), and only small amounts were mineralized 
in surface soils (Novick et al. 1986). It has been 
found that microbial degradation was of greater 
impuci.HJ!CIO than volatilization !IOU luaching for 
acetanilide herbicides (Ballard and Santelmann 
1973; Beestman and Deming 1974; Zimdahl and 
Clark 1982). Alachlor was also reported to be 
degraded by a soil fungus, Chaetomiumglobosum 
(Tiedje and Hagedorn 1975). Hargrove and Mer
kle (1971) found that Alachlor was degraded to 
2-chloro-2' ,6' -diethylacGtanilide when incu
bated at 46•C in a fme sandy loam; the degra
dation was ascribed to acidic soil water film 
surfaces. The same compound was also identi
fied as the degradation product of Alachlor ad
sorbed on silica gel (Handa et al. 1973). 

In spite of all these studies, there is a lack of 
information about the mechanism of adsorption 
of AJachlor on specific clay minerals and on the 
effect of the exchangeable cations. 

The aim of this study was to investigate 
Alachlor adsorption on homoionic montmoril
lonite and to determine the effect of the ex
changeable cations and temperature on its ad
sorpiion. Furthermore, we wanted to establish 
the mechanism through which adsorption and 
degradation of the herbicide on homo ionic clays 
take place. 
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MATERIALS AND METHODS 

Materials 
Alachlor with a solubility of 242 mg L -• (at 

25"C) was supplied by Riedel de Haen Co. {Ger
many). The purity (99%) was confirmed by 
melting point (39.5-4l.O"C), infrared spectra, 
and elemental analysis. 

The 2-cbloro-2' ,6' -diethy!acetanilide was 
prepared by treating Alachlor with 5 N aqueous 
HCl and acetone (4:1 v/v) at 4S'C. After 4 days, 
the acetone was evaporated and a white com· 
pound precipitated. The product was reory8tal
lized from hot water. The melting point (133•C), 
the C, H, and N content, and the infrared analy
sis were in agreement with the expected values 
for acetanilide. 

The <2-1-1m fraction of Upton, Wyoming 
montmorillonite (Sh.e,, Alo.tsHAb.o.. Feo.32, 
M~to..> o •• COH)..X.. .. in which the ne«ative 
layer charge arises principally from isomorphous 
substitutions in octahedral sheet was used in 
this study. The sample was aupplied by Ward's 
Natural Science lllatabliabmant, Rochester, New 
York. The clay was made homoionic with differ· 
ent cations: Al, Cu(ll), Ca, Mg, Na, Li, K, Rb, 
Cs, and NH. by treating the <2·.1-'m fraction 
three times with 1 N solution of the respective 
chloride salta. The excess electrolyte& were re· 
moved by washing with deionized water and 
centrifuged until the supernatant solution gave 
a negative test for Cl-. The sample was oven
dried at 40'C for 2 days and stored, until used, 
on CaC!,. S:unples were used within 2 weeks. 

Adsorption-Desorption Measurements 

Adsorption isotherms at 5' and 22'C were 
made on suspensions obtained by adding 50 ml 
of aqueous Alachlor solution (concentration 
from 0 to926.61 ~-<mol g-1 ) to 10 mgofhomoionic 
clay. Samples were subjected to shaking in ther
mostatic baths for 18 h. This time was estimated 
to be sufficient (according to kinetic measure· 
mente) to reach the equilibrium. The suspen· 
sions were centrifuged at 30,000 g, and the equi· 
librium concentrations were determined in the 
supernatant by UV spectroscopy at 220 nm. The 
adsorption experiments were repeated three 
times for each concentration. It was ascertained 
that turbidity, especially due to the monovalent 
cation-montmorillonite particles, was com· 
pletely removed by centrifugation and did not 

interfere with the readings. The amount of her . .".f essential fo 
bicide adsorbed at equilibrium was considete~~ i .nd. thlll'ef• 
to he the difference between the amount of · :; 
Alachlor initially present and that in the super. ,, l 
natant. The minimum detectable valUe for · · f 
Alacblor was 0.5 11-g ml-1

, and the analytical .• 
range was 6-50 pg ml-1

• :, 

Desorption esperimants were carried out in ·• ;" 
triplicate at 22•c as follows: after the initi11! · 1 

adsorption. the herbicide equilibrium solution " [ 
was removed and replaced with 20 m1 of dei011• , l 
!zed water. Samples were equilibrated und~r t 
continuous shaking for 18 h. Another 20·1111 ·j 
aliquot of dionized water was added after remov. .1 
ing the supernatant by centrifugation. This pro. ( 
cedure was repeated four times until no Alachlor · · 
was apectrophotOmetrically detected in the au-. ·1 
pematant. 

ln.fraredAno.lysis . 

Thin self·aupporting filina of homoionic clays I 
were prepared by placing a few milliliters of clay· -\ 
au.penaion {about 2% by weight) on a polyeth·. I 
ylene sheet and allowing them to air dry, The .I 
mma were peeled away and inunened for 96 h l 
in an Alachlor-aaturated CC4 solution. CCI4 wllli . \ 
used aa solvent inatead of water to avoid the l 
dispersion of clay film. The films, once removed·. ' 
from the solution, were rinsed twice wlth CCJ,. ·• 
and air dried. 

Preliminary investigations showed that CCI. · 
was not adsorbed on homoionic montmorillon· 
ite. Even if CCI. can influetlce the hydration 
status of the exchangable cations of the clay, the 
IR spectrum of the air-dried homoionic clay and 
the corresponding complex, after treatment with 
CCI..,, shows the typical band of water at about 
1630 em-•. Since the Fourier transform infrared 
(FT-IR) technique was used, spectra subtrac· 
tions were accurate and interference by water , 
did not occur. 1 

The FT·IR spectra were recorded at room . 
temperature in the range of 4000-1200 em-• 1 
using a model 1710 Perkin-Elmer spectropho· ·l 
tometer Interfaced to a microcomputer wd a -~ 
digital plotter. Difference spectra were obtained 
by subtracting the spectra of the corresponding · 
bomoionic clays from the spectra of the clay· .I 
organic complexes. Absolute and difference 
spectra were also recorded in the 1200-600 cm-1 

range. These spectra are poorly defined and not 
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·fher, .: ( ~ssential for elucidating adsorption mechanism 
idert(j ··. i, &nd, tr.';-··efore, are not shown here. 

IDt Of ' I l . ··J X-Ray Uiffraction AI'Ul ysU! 
IU)M!r •. • . 
e foi,: J In the 2r.'l interval from 3" to 15•, diffraction 
yticar. ! ·patterns of homoionic montmorillonite and 

·; l their complexes with herbicides were obtained 
>tit hi··' :. using a General Electric XRD-5 iliffractometer 
initial.' · ., ' and Co K" radiations. The analyses were carried 
ltrtion,~·~ out at rouw temperature on ~~amples air dried 
ieion~.~ .f and he-ated for 18 h at 190"C. These samples 
under j were hept in a dry atmosphere and protected 
20-ntL lj al[ainst rehydration by a Mylar plastic film cov-
3tnov. , 1 ering the slide. 
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Gas-Chromatographic Analysis 

In order to identify Alachlor and/or its me
raboliies, gas chromatographic qualitative anal
yses of the acetonic extract of homoionic mont
morillc-n!te-Alachlor complexes (as self-sup
porting films) were carried out with a Carlo Erba 
model HRGC 5300 gas chromatograph equipped 
with n flame ionization detector (FID ). Columns 
of hnrosilicate e-lass coils were packed with An
nkrom Q (11()...110 mesh), previously coated with 
2% w/w SE 30 and its surface silanized, prior to 
usa, by on-column injection of 4 X 50 ml each 
of heJ<mnethyldisilazane (llMDS) and bis·(tri· 
methylsilyl)trifluoroacetarnide (BSTFA). Col
umn temperature was programmed from 160"C 
to 250"C with a rate ot3•c min-', while detector 
ond injector were both kept at 210·c. High 
purity dry nitrogen served as gas carrier. 

R~ULTS AND DlSt;USSIUN 

Figure 1 shows the adsorption isotherms at 
22'C of Alacblor on homoionic montmorillonite. 
Tho attribution of theao ioothcrms to tho cloaoco 
described by Giles (Giles et al. 1960) couldn't be 
t.he strictly correct one. On the other hand, the 
replications for each concentration gave very 
close values (±1 %) in all cases. Nevertheless, at 
lirst sight, the AI-, Cu-, Ca·, Li-, and Cs-mont
morillonite isotherms seems to be of the L type. 
In this case, the molecules of Alachlor most 
likely would be adsorbed flat and showing a 
minimum competition of solvent for sites on the 
adsorbing surface. Similar results have been re
ported for "orue pe~ticide:. ad:lo1·bed ou clay<5 
!Haque and Sexton 1968; Terce and Calvet 1978; 
Bansall983; Bansal and Prasad 1985; Maza et 
nl. 1989; Dios Cancela et al. 1990). The L curve 

for Cu-montmorillonite is very close to C t_ype 
as observed with some organophosphorous and 
carbamate insecticides adsorbed on different 
soils (Felsot and Dahm 1979). Further on Rb
montmorillonite, the isotherm could be of the 
L3 type. The Mg- and NH.-montmorillonite iso
therms seem of the C type, suggesting a constant 
partition of solute between solution and adsor
bent. This kind of curve was observed also for 
oomo pesticides (Haque ond Coshow 1071; Van 
Bladel and Moreale 1974; Weber 1980). The No
and K -clay isotherms appear to be of the S-type, 
indicating that in the initial part of the curve, 
the herbicide molecules strongly compete for 
adsorption sites with the solvent molecules. Esse 
(S} type isotherms were often observed with 
pesticides adsorbed on smectites (Haque and 
Coshow 1971; Bowman and Sans 1977; Terce 
and Calvet 1978; Aly et al. 1980; Bansal 1983; 
Sanchez Martin and Sanchez Carnazano 1984; 
Bansal1985). 

However, a mechanistic interpretation of the 
isotherms is not unique and is not necessarily 
the correct one in the present case. In fact, the 
adsorption of Alachlor on homoionie montmo
rillonite in aqueous solution at 22•c fits the 
empirical Freundlich relationship with a corre
lation coefficient (r) in the ran~ 0.97-1.00. The 
linear form of this equation is 

log C, = log K + 1/n log C, 

where C, is the amount of herbicide adsorbed 
(p.moles g-• ), c. is the equilibrium concentration 
in solution (p.mol L -1), and K and 1/n are con
stants. The 1/n, K and r values are reported in 
Table 1. 

Table 1 indicates also a correlation (though 
not o porfcct one) at 22·c between the polarizing 
power of the exchangeable cation saturating the 
clay and the adsorption strength (expressed as 
K). However, ionic size (namely steric factors 
and cation polarizability) is also important. At 
5•c, steric effects seem to dominate (e.g., the 
effect of temperature on clay swelling or disper
sion, or the effect of temperature on the confor
mation of adsorbed molecule in the vicinity of 
the surface cations}. However, no good correla
tion between adsorption and the polarization 
power of Lhe catiou was obl!jerved for LLe pesti· 
cide Pirimicarb adsorbed on montmorillonite 
(Sanchez Camazano and Sanchez Martin 1986). 

Further, it can be seen that the K value for 
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FIG. 1. Adsorption isotherms (22"C) of Alachlor on homoionic montmorillonites. 
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ALACHLOR ADSORBED UN HOMUIUNIC MUN'!'MUH.ILLONITE 109 

TABLE 1 

Frermdlich constants (K and 1/n) on molar basis of 
,4/ac/!lor adsorbed on homoionic montmorillonite at 5" 
and 2:!"C and changes in entholpy (!lH) for c.= 120 

,..mo/g-1 

Samplt• 

Li 
Nn 
K 
Rb 
Cs 
NH, 
Ca 
Mg 
Cu 
AI 

K 1/n !l.H 
----------s·c 22'C 5'C 22'C 5'C 22'C (Kcal moJ-1

) 

1.042 0.483 0. 70 0.85 0.96 0.99 -1.21' 
0.418 0.023 1.64 1.18 0.98 0.99 -0.47 
2.054 0.027 1.40 1.65 0.99 0.98 -1.35 
3.320 4.120 0.81 0.82 0.97 0.97 +2.67 
2.465 3.378 0.87 0.85 0.99 0.98 +2.17 
2.273 1.443 0.99 0.99 0.98 0.99 -0.81 
1.746 1.010 0.94 0.94 0.96 0.99 -0.83 
1.286 1.059 0.99 0.99 0.99 1.00 -0.55 
1.809 1.736 0.98 0.96 0.99 0.99 -0.53 
0.115 3.034 0.88 0.85 0.99 0.99 +2.02 

• C.= 40 "mol g-•. 

the K I·{.-system is similar to those shown by the 
days saturated with divalent cations. The K 
values for the Cs-system is similar to that of Al
l; the highest K value was observed for Rb
montmorillonite. It is: difficult to explain the 
relatively high values for NH4-clay which, in 
gcner~l, behaves like K-systems and for Rb- and 
Cs-montmorillonite. In these latter cases, the 
cation Size effect could be predominant. Both 
Rb and Cs cations in the unhydrated state are 
large enough to prevent the complete closure of 
t.he interlayer space when swelling minerals are 
dehydrated. Mooney eta!. (1952) found that N
specific surfaces of Rb- and Cs-montmorillonite 
are lager than the surfaces of Li- and K-mont
moril!onite. 

It can be seen also from Table 1 that a de
crease in temperature from 22• to 5"C results in 
an increase in Alacblor adsorption except for 
Al-, Rb-, and Cs-montmorillonite. These data 
indicate that the adsorption process is endo
thermic for AI-, Rb-, and Cs-clays (K values 
incrP.IIRP. with t~>mpPrs.tm·P.) 1mrl ~>Tot.hArmir. in 
all other cases (K values increase while temper
ature decreases). 

The isosteric heat of adsorption (changes of 
enthalpy) were determined from the isotherms 
nt 5"C and 22"C applying the integrated Van't 
Hoff equation: 

tl.R "" R In c., - In c., 
... 1/T, - l/T2 

where R is the gas constant, and C., and c .. are 
lhP P.quilibrium concentru.tions: at temp{>rahJ)'(fq 

T, and T •. The .li.H;,., values, determined for a 
constant value of C. and assuming that the 
solvent-solute exchange is the same in all the 
systems, are reported in Table 1. The adsorption 
process for Alachlor adsorption by AI-, Cs-, and 
Rb-montmorillonite is endothermic while it is 
exothermic for all the other samples. It must be 
pointed out that the main contributions to the 
sign of .li.H, .. are: i) the solute adsorption on the 
surface of the adsorption and/or ii} the interac
tion of the adsorbed molecule with the ex
changeable cation (exothermic processes) and 
iii) the breaking of the solvent molecules from 
the adsorbent surface and the interlayer expan
sion (endothermic processes) (Van Bladel and 
Moreale 1974; Sanchez Martin and Sanchez 
Camazano 1984). 

The tl.H;,., values indicate that the interaction 
energy of homoionic montmorillonite with 
Alachlor in aqueous medium is not strong. In 
this case, we postulate a physical bonding by 
hydrogen bond (probably involving the C=O 
group of the molecule, as discussed below) or 
Van rler Waal~ fore1eR. SimilAr reAult.ll were ob
served for some pesticides (Bansal 1983; San
chez Martin and Sanchez Camazano 1984; Dios 
Cancela et al. 1990). 

The detsurpt.ion Itollulto 11.re repurt.to\1 in Fi~:. 2. 
A recovery of only about 50% after several wash
ings in distilled water is rather surprising. It is 
difficult to give an explanation of such a severe 
hysteresis occurring in all the investigated sys

tems. Perhaps the centrifugation caused an ir
reversible fixation of the herbicide on clays. 
Similar results were observed for Oxamyl and 
Dimecron, for which it has been suggested that 
an appreciable adsorption of pesticide occurs by 
ionic interactions at crystal edge and crystal 
basal surface (Bansall983). 

The interactions of Alachlor with homoionic 
montmorillonite were also studied in an organic 
solvent CCC~). Some of the main IR vibration 
bands of free Alachlor and herbicide-clay com
plexes are reported in Table 2. The FI'-IR spec
tra of the AI-montmorillonite-Alachlor complex 
air dried and after heating at 70"C for 6 h are 
shown in Fig. 3. 

A detailed study of the spectra of the com
plexes indicates that the stretching bands of 
C=O and C-N groups of the molecule undergo 
modification in comparison with those of pure 
Alachlor. Particularly, the C=O stretching band 
of t.hE' molP~niP (169?. r.m-1) ,::.hjft_q to lowP.r fre-
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TABLE 2 
FT-IR vibration banda (em-'} of air-dried Alachl.or

mont11WriUonite complexes 

Sample .c~o 
, C ~- N 
(anilidic) 

Alachlor (CCI, solution) 1692 1372 
Homoionic clay-Alachlor 
Li !661 1387 
Na 1672 1385 
K 1671 1381 
NH, 1660 1382 
Rb 1669 1381 
Cs 1667 1378 
Ca 1651 1388 
Mg 1651 1387 
Cu 1658 1388 
AI 1646 1387 

quencies (1672-1646 em-•) as a consequence of 
adsorption, while the magnitude of this shift 
follows the order: trivalent > divalent > mono
valent. cation. 

This behavior can be ascribed to ion-dipole 'j 
interaction between C=O group and the e1 . 1 
changeable cation. As a consequence of this · .: 
interaction, the double bond nature of c-o i~ \ 
reduced, and this results in an increased C-N l 
(anilidic group) double bond. This is confinned · · 
by the shift of the C--N stretching band 0372 } 
em-') toward higher frequencies (1378-1388 · ·: 
em-•). ' 'i p 

Therefore, these results indicate that Alachlor , 'I " 
is adsorbed on homoionic montmoriUonite by 11 • 

I 

coordination bond, through a water bridge, he- - I i 1 

tween the C=0 ~oup and the exchaneeRble ,; j 
cation of the clay (Fig. 4). The coordination - ! -.i 
strength is directly correlated with the polariz- -~ ··, I 
ing power of the cation. Results of this type have 
been reported for several organic compounds !' 
adsorbed on clays (Mortland and Meggitt 1966; · · u 
Sanchez Camazano and Sanchez Martin 1986; 
Fusi et al. 1986; Fusi et al. 1989a and 1989b). I ~ _ 

J;'Jn. ~- (A) Tnfrnrerl ~pectra of Alachlor in CCL 
solution. (b) Differential infrared spectra of Al-mont· 
morillonite-Alachlorcomplex at room temperature. (c) 
Complex "bn after heating at 70'C for 6 h and then 
r.nniM in Air 

.. n• .+ + + • * .. 2• Z+- c 2+ 1113• WHERE Me • L1, "'• Cs, X., Rb, NN4, C. • Mg , u , -

FIG. 4. Suggested adsorption mechanism of Ala· 
chlor on homoionic montmorillonites. 
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.. 

.. , H " 
FiG. 5. Chromatograms from: (a) Hexane solution 

of A (Aiachlur) wtd B (ueguldawou produot.t. i.e., 2-
chloro-2' ,6' -diethylacetanilide); (b} Hexane extract of 
the Al·montmorillonite-Alachlor complex at room 
temperP.ture; (c) Hexane extract of the Al-montmorii
Jonlte-Aiachlur <:ompltjx 11Il"r b .... linl! 11L 70"C ru,· 6 h, 
nnd then cooled in air. 

Some significant changes occur in the ill spec
tra for AI-, Cu-, Ca-, Mg-, and NH,-montmoril· 
lonite-Aiachlor complexes when heated at 7o•c 
fo)r 6 h, wbile the spectra of Li-, Na-, K-, Rb
and Cs-complexes remain unchanged. 

Two new bands appear at 3380 cm-1 and 1520 
cm-1 (1538 cm-1 for Cu-montmorillonite} that 
could be tentatively assigned to the stretchmg 
and bending vibration of a N-H group, respec
tively (Bellamy 1975). At the same time an 
attenuation of the intensity of the bands at 
about 1900 and 1460 cm-1 (stretching and de
formation vibration of CH) is observed_ These 
features suggest the formation of the 2·chloro-
2',6'-diethylacetanilide as a degradation prod
uct of the Alachlor-clay complelC. This com
pound was found also as a degradation product 
of Alachlor in a fme sandy loam soil incubated 
for 72 h at 0% of relative humidity and 46•C 
(Hargrove and Merckle 1971). The gas-chro
matographic analysis of the acetonic extract of 
AI-, C:u-, Ca-, Mg-, and NH,-mnntmorillonitP 

complexes revealed, in fact, the presence of 2-
chloro-2' ,6' -diethylacetanilide (Fig. 5) . 

Therefore, these results suggest that Alachlor 
adsorbed on montmorillonite saturated by mon
ovalent cations (except ~IL •} is stable on heat
ing, while if adsorbed on clay saturated by pol
yvalent cations, it undergoes a partial abiotic 
degradation to 2-chloro-2' ,6' diethylacetanilide. 
This behavior can be ascribed to the higher 
acidity, enhanced by heating, of the coordinated 
water (strongly polarized) of polyvalent cations 
in comparison with that of monovalent ones. 
Unique is the behavior of the NH,-montmoril
lonite. However, NH,-kaolinite was found to be 
fairly acid (to Hammet indicator) and to decom
pose Dieldrin (Fowkes et al., 1960). Further, the 
protonation of 3-aminotriazole adsorbed at the 
surface of KH,-montmorillonite has been dem
onstrated (Russell et a!. 1968). 

The importance of the polarizing power of the 
exchangeable cation in the adsorption of Ala
chlor from CCI, is supported also by X-ray dif
fraction analyses (Table 3). The molecule is able 
t.o PP.nP.t.rlltP. nn ly thP. int.P.rlny•n• Rf\IIM of mont .• 

morillonite saturated with polyvalent cation. In 
fact, the heating at 1900C of the polyvalent clay
Alachlor complexes causes a reduction in the 
spacing (range 1.103-1.0113 nm), but not the 
collapsed conditions (range 0.986-1.006 nm) as 
observed for heated untreated homoionic mont
morillonite. The inability of Alachlor to inter
calate the layer of Na-, K-, NH,-, Rb-, Li-, and 
Cs-montmorillonite might be ascribed to the low 
polarizing power of the monovalent cations as· 
aociated with the difficult penetration of a non 
polar solvent such as CCI. in the dense-packed 

TABLES 
d(OOJ) values (nm) far homoionic montmorillonite& 
untreated and treated with A lachlor in CCI. solution 

Untreated Treated 
!Sample 

25'C 190"C 25'C 190"C 

Li 1.2Q7 0.968 1.221 0.987 
Na 1.266 0.959 1.266 0.959 
K 1.179 0.986 1.152 1.026 
NH, 1.115 1.069 1.069 1.047 
Rb 1.058 1.047 1.069 1,047 
Cs 1.140 l.ll5 1.140 1.115 
Ca 1.530 0.996 1.654 1.530 
Mg 1.486 1.006 1.654 1.553 
Cu 1.192 0.986 1.266 1.103 
AI 1.553 0.986 1.654 1.424 
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j JIIOiltl: montmorillonite films. Similar results were ob
served for Carbaryl adsorbed on Na-montmoril
lonite (Fusi et al. 1986). 
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