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ABSTRACT- The interaction of a vermiculite-decylammonium complex with 
chlordimeform in aqueous or butanol solutions was studied. When the com-
plex is treated with an aqueous solution of chlordimeform, the degradation 
of chlordimeform occurs in the interface of the interlamellar space through a 
basic hydrolysis process, to yield a secondary amide which remains as a 
neutral molecule in the space, together with the decylammo-
nium ions. If the complex is treated with butanol solutions of chlordimeform, 
this organic cation does not interact with the clay mineral and the decylam-
monium ions decompose to ammonium ions, because of the high acidity of 
the residual water. 

Introduction 

The process of inorganic cation ex-
change in clay minerals is, nowadays, 
perfectly known. Likewise, clay 
minerals can strongly adsorb organic 
cations in their interlamellar spaces 
through a cation exchange process 
(MORTLAND, 1970; THENG, 1974). 
Cationic pesticides are also adsorbed 
by an ion-exchange process in the in-
terlamellar space of montmorillonite 
and vermiculite (WEBER et al., 1965; 
HAYES et al., 1978; PEREZ RODRI-
GUEZ & HERMOSIN, 1979; HER-
MOSIN & PEREZ RODRIGUEZ, 
1981; MORILLO et al., 1983). 

The intercalation of some organic 
species by alkylammonium clay com-
plexes has been studied (THENG, 
1974), but there is not much work de-
voted to the behaviour of such alkyl-
ammonium clay complexes versus 
other organic cations (specially pes-
ticides) or to the effect of the sol-
vent on such process. 

The present paper reports a study 
of the interaction of chlordimeform, 
an organic cationic pesticide, in 
aqueous or butanol solutions with 
decylammonium-vermiculite, in 
order to investigate the mechanism 
of such processes and the influence of 
the solvents used. 
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Experimental 

The vermiculite used in this study 
was obtained from the <<Santa Olal-, 
la>> deposit (Huelva, SW Spain), and 
it was in the Na+ form. The 
vermiculi te-decy !ammonium com-
plex was prepared according to the 
method proposed by LA GAL Y & 
WEISS (1969). 

Technical grade chlordimerform 
(N'- ( 4 -chloro- 2- methylphenyl)- N,N-
dimethyl methanoimidamide hydro-
chloride) was used. This pesticide 
is soluble in water (SO% by weight) 
and ionizes completely giving the 
chlordimeform cation (CfH+) and 

·· ·is 
very stable in aqueous solution up to 
pH 6.5, above which, it begins to hy-
drolize according to the following 
steps 

CH3 

(a) · CIH 
· CH3 CH3 

Chlordimeform chlorhydrate 
pH> 5 

Chlordimeform 
pH> 6.5 

N -F ormyl-4-chloro-o-toluidine 
pH> 8 . 

(d) Cl-QNH, 

· CH3 

4-chloro-o-toluidine 

The vermiculi te-decylammonium 
complex was treated with 25 mmol/1 
of aqueous (pH = 4.8) or butanol 
solutions of chlordimeform, at 60 °C, 
shaking several times. The chlor-
dimeform solutions were changed 
weekly. 

The interplanar spacings were de-
termined by X-ray powder diffrac-
tion using several orders of the (001) 
reflections. The samples were ex-
amined as oriented films supported 
on glass slides. 

The infrared absorption spectra 
were recorded from 4000 cm-1 to 400 
cm- 1 using a Perkin Elmer double 
beam spectrophotometer. Samples 
were examined as KBr discs. 

Results and discussion 

The information about the interac-
tion of the decylammonium-vermic-
ulite complex with and 
butanol solutions was obtained from 
the study of the changes observed by 
X-ray diffraction and IR spectro-
scopy of the decylammonium-
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vermiculite complex after several 
treatments. 

Interaction of aqueous solutions of 
chlordimefonn with the venniculite-
decylammonium complex 

The X-ray powder diffraction 
analysis of the vermiculite-
decylammonium complex treated 
with water, and with aqueous solu-
tions of chlordimeform for one and 
nine weeks are shown in Fig. 1. 

The vermiculite-decylammoniurh 
complex shows a basal spacing of 
21.21 A which, according to JOHNS 
& SEN GUPTA (1967), corresponds to 
the fully collapsed phase. In this corn- . 
plex a monolayer of the alkylammo-
nium ions is in the interlamellar . 
space with its chains 
respect to the silicate layer. The 0.3 A 
difference between our value for this 
basal reflection and that reported by 
JOHNS & SEN GUPTA(1967) maybe 
attributed to the possible different 
layer charge and/or to some 
lamellar water. 

The basal spacing of the vermicu-
lite-decylammonium complex in-
creases to 27.98 A after one week of 
treatment with aqueous chlor-
dimeform solutions, but the higher 
orders of this reflection are not clear-
ly defined (Fig. lb). After two weeks 
the basal spacing of 27.98 A and the, 
rest of the basal reflections appear 
clearly defined, remaining without 
change until the end of the treatment 
(Fig. le). These results show an ex-
pansion of the interlamellar space 
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Fig. - X-ray powder diffractograms of the 
vermiculite-decylammonium complex treated 
with: a) water for five weeks, b) aqueous solu-
tion of chlordimeform for one week, c) aqueous 

solution of chlordimeform for nine weeks. 

of the vermiculite-decylammonium 
.. complex. This is not due to a cationic 
exchange between the chlor-
dimeform and the decylammonium 
cations to yield a vermiculite-
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Fig. 2 - IR spectra of the vermiculite-decylammonium complex treated with: a, water fot five 
weeks; b, aqueous solution of chlordimeform for one week; c, aqueous solution of chlordimeform 

for nine weeks. 

chlordimeform complex, because this 
latter should have a basal spacing of 
14.6 A (MORILLO et al., 1983). The 
higher values of this basal reflection 
suggest that decylammonium cations 
remain in the interlamellar space 
together with other organic species 
which produce a change of arrange-
ment or disposition. of the alkylam-
monium ions. 

The study by IR spectra of this 
vermiculite-decylammonium corn-

plex without treatment and treated 
with aqueous chlordimeform solu-
tions permits more direct informa-
tion of the species in the interlamel-
lar spaces of these complexes to be 
obtained. These spectra are shown in 
Fig. 2, for the regions 3500-2800 cm-1 

and 1800-1250 cm-1, where the 
interesting features appear. 

The spectrum of the decylammo-
nium vermiculite complex (Fig. 2a) 
shows the characteristic bands cor-
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responding to the -CH3 (2950, 1450 
cm-1), -CHr(2920, 2850, 1460 cm-1) 

and -NH3+ (3100, 1625, 1570, 1500 
cm-1) groups of the alkylammonium 
ions. The vibrations at 1625 cm-1 and 
1500 cm- 1 correspond to the asym-
metrical and symmetrical NH de-
formation of the -NH3+ groups. At 
1570 cm-1 a shoulder appears corre-
sponding to the symmetrical -NH de-
formation of the -NH3+ groups 
bonded to the basal oxygens by a 
stronger H-bond (SERRATOSA et al., 
1970). The 1625 cm- 1 band also cor-
responds to the OH deformation of 
water, since at 3400. cm-1 the OH 
stretching band is observed, indicat-
ing the presence of some interlamel-
lar water. 

When the vermiculite-decylam-
monium complex is treated with an 
aqueous solution of chlordimeform 
for one to nine weeks, the infrared 
spectra show the vibrations of the 
decylammonium ions at slightly 
frequencies, together with others at 
1675, 1523 and 1300 cm-1• These new 
bands, appearing clearly defined af-
ter nine weeks of treatment, do not 
correspond to chlordimeform cations 
and can be assigned to the amide I 
(C = 0 stretching), amide II (NH de-
formation) and amide Ill (combina-
tion of C-N· and N-H vibrations) 
bands of a secondary amide, besides 
the 1600-1450 cm-1 bands of the 
aromatic rings. Since a secondary· 
amide is the product of the irreversi-
ble hydrolysis of chlordimeform 
when the pH is higher than 6.5, this 
process should occur when chlor-
dimeform begins to · enter in the 

interlamellar space of the 
decylammonium-vermiculite com-
plex from the aqueous solutions. The 
pH in the interlamellar space should 
be close to neutrality because of the 
presence of alkylammonium ions, 
whose hydrophobic character pre-
vents the entry of the bulk solution. 

The 27.98 A final complex ·obtained 
should be similar to the partially col-
lapsed complex described by JOHNS 
& SEN GUPTA (1967). The alkylam-
monium ions remain in the inter-
lamellar space with the same or less 
inclination, in addition to the neutral 
molecules of N-formyl-4-chloro-o-
toluidine. The amide molecules can 
be associated to the alkylammonium 
ions by H-bonds between -NH3+ and 
-C=O groups, as suggested by the 
observed shiftings in the frequency of 
the amide band from 1700 to 1675 
cm- 1 (BELLAMY, 1975) and the 1620 
cm-1 band deformation of 
-NH3+) to 1630 cm-1 (DONER & 
MORTLAND, 1969). 

Interaction of the butanol solution of 
chlordimeform with the vermiculite-
decylammonium complex 

The X-ray powder diffraction 
analysis of the vern;:ticulite-
decylammonium complex treated 
with butanol and with butanol solu-
tions of chlordimeform for one and 
nine weeks, are shown in Fig. 3. The 
vermiculite-decylammonium treated 
with butanol shows a basal spacing 
of 21.19 A which, after one week of 
treatment with the chlordimeform 
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due to the solvent effect in which the 
chlordimeform should be deproton- . 
ated by the residual water of the clay, 
since the H 30+ is the real interacting 
species. 

Conclusions 

The interaction of chlordimeform 
in aqueous or butanol solutions with 
decylammonium-vermiculi te occurs 

by different mechanisms as an effect 
of 

- in aqueous medium, the chlor-
dimeform is hydrolyzed yielding a 
secondary amide which remains in 
the interlamellar space together with 
the alkylammonium ions; 
-in butanol medium, the alkylan:i-

monium ions are decomposed to 
yield interlamellar ammonium ions, 
as well as the aliphatic products of 
such decomposition. 
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