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ADSORPTION AND CATALYTIC DECOMPOSITION OF
4-NITROBENZENESULPHONYLMETHYLCARBAMATE
BY SMECTITE

PaoLo Fusl,' GIUSEPPE GABRIELE RISTORI,2 AND MARCO FRANCP?

Abstract—Adsorption and catalytic decomposition of 4-nitrobenzenesulphonylmethylcarbamate (herbi-
cide Nisulam) on Upton, Wyoming, bentonite saturated with different cations was studied using thin-layer
chromatography and infrared spectroscopy. Nisulam is adsorbed at room temperature by coordination
through the NO, group to the exchange cation regardless of the cation’s nature. On moderate heating
(75°-90°C) this molecule decomposes to 4-nitrobenzenesulphonamide whereas a similar compound (her-
bicide Asulam) containing the NH, functional group instead of NO, is adsorbed by protonation at room
temperature and decomposes into different products. For cations having a high polarizing power, a co-
ordination bond between the Asulam molecule’s C=0 group and the exchange cation is established, and
the molecule decomposes to sulphanilic and carbamic acid. In contrast, for cations having a low polarizing
power there is no coordination, and the molecule decomposes mainly into sulphanilamide Nisulam’s co-
ordination to the exchange cation through the NO, group instead of C=0 is ascribed to 1nduct1ve and

conjugation effects, typical of the nitro group.
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INTRODUCTION

Catalytic decomposition of the herbicide Asulam
(4-aminobenzenesulphonylmethylcarbamate—H,N- o -
SO,-NH-CO-OCH,) adsorbed on Upton, Wyoming,
bentonite saturated with different cations was de-
scribed in previous papers (Fusi ef al., 1980; Ristori et
al., 1981; Fusi et al., 1981). Asulam, adsorbed at room
temperature by protonation of the —NH, group and
physical forces, decomposes to sulphanilic, carbamic
acid, sulphanilamide, or 4-aminobenzenesulphonylcar-
bamate on moderate heating. The nature of the prin-
cipal reaction product was found to be related to the
polarizing power of the clay’s exchange cation. Where
it is strong, the Asulam molecule coordinates to the
cation through the C=0 group and decomposes to sul-
phanilic and carbamic acid. In contrast, sulphanilamide
and the 4-aminobenzenesulphonylcarbamate anion
form in the absence of coordination. Because they af-
fect adsorption and catalytic reactions on clay surfaces,
the electron donor properties of the adsorbed mole-
cule’s single functional groups may be of some impor-
tance. Following the conclusions of several workers
(Tahoun and Mortland, 1966; Mortland and Raman,
1967; Heller and Yariv, 1969; White, 1975; Cloos et al.,
1979) the substitution of one functional group by
another should influence the type of bond formed be-
tween the organic molecule and the clay as well as the
nature of the reaction product, regardless of the sol-
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vation energy of the exchange cation. The aim of this
paper is to examine the influence of substitution of NH,
by NO, at the 4-position in the Asulam benzene ring on
its adsorption and catalytic decomposition by mont-
morillonite. This NO,-substituted molecule, having
properties similar to Asulam, is commonly called Ni-
sulam.

EXPERIMENTAL
Materials

Homoionic montmorillonites were prepared from a
<2-um fraction of Upton, Wyoming, bentonite. This
was done by washing the clay with 1 M solutions of
AP, Ca?t, Ba?*, Mg?*, Cu?*, Zn?*, K* and Li* and by
removing excess salt until the CI~ test was negative.
The Nisulam (4-nitrobenzenesulphonylmethylcarba-
mate, O,N-0-SO,-NH-CO-OCH;) was supplied by
May and Baker, Ltd. The 4-nitrobenzenesulphonamide
was prepared from a 4-O,N-CgH,-SO,-Cl with concen-
trated ammonia solution, using the procedure described
by Vogel (1961).

Infrared analysis

Thin, self-supporting homoionic clay films were pre-
pared by air drying several milliliters of clay suspension
placed on a polyethylene sheet. The films were peeled
away carefully and immersed in a CCl,-saturated Ni-
sulam solution for 24 hr. They were then removed from
the solution, rinsed twice with CCl,, and air dried. Dif-
ferential infrared (IR} spectra were recorded with the
pure clay film on the reference beam to enhance the
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Figure 1. Differential infrared spectra of Nisulam-Al-mont-
morillonite complex: (a) at room temperature; (b) after heating
at 75°C for 20 hr and then cooled in air for 10 min; (c) complex
*‘b”* equilibrated at 100% RH for 5 hr; (d) complex ‘‘c’’ heated
at 90°C for 20 hr, then cooled in air.

bands which in the absolute spectra were obscured by
lattice and/or water-clay vibrations at about 1640 cm.
The spectra were recorded in the 2500-1200 cm~! and
900-700 cm™! regions. Different IR spectra of the Ni-
sulam-clay systems were recorded atroom temperature
on a model 283B Perkin-Elmer spectrophotometer
from: (1) the original sample, (2) the sample after heat-
ing at 75° and 90°C for 20 hr, and (3) after equilibrating
the heated samples at 75°C and 1009 RH for S hr.

Thin-layer chromatography

Fixed amounts of the original and heated Nisulam-
clay complexes were extracted in ethanol. The solution
was transferred to 0.2-mm silica gel 60 F,;, plastic
sheets (Merck) and eluted with a 5:2 chloroform-meth-
anol solution. Spots of the compound were revealed by
a UV light. Similar experiments were performed with
the pure compounds. The rF values determined were:
0.31 for Nisulam and 0.76 for 4-nitrobenzenesulphon-
amide. In addition, the single spots that resulted from
eluting the solution and those from the clay-organic
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complexes at different stages of the experiment were
scraped off and extracted with ethanol. The residue was
analyzed after the alcohol evaporated.

Chemical analysis

An evaluation of adsorbed Nisulam and its degra-
dation products was carried out as follows: the Nisulam
adsorbed at the outset of the experiment was deter-
mined by UV spectrophotometry at 268 nm after ex-
traction in water of a fixed amount of clay. The decom-
position product (4-nitrosulphonamide) was determined
by scraping off the relevant spot which appeared on the
chromatographic sheet at the end of the experiment.
The scraped material was extracted with water, and
nitrosulphonamide was determined by UV spectro-
photometry at about 270 nm. CH,OH formation, as a
degradation product of Nisulam clay complexes during
heating, was tested with the nitrochromic acid method
(Walsh and Merrit, 1960) following a procedure de-
scribed by Fusi et al. (1980).

RESULTS AND DISCUSSION

The main band assignments for the IR spectrum of
Nisulam (KBr pellet) in the 2500-700 cm™! region are
listed in Table 1. Unlike the findings obtained with
Asulam (Fusi et al., 1980; Ristori et al., 1981; Fusi et
al., 1981), the spectra of Nisulam-montmorillonite
complexes were practically identical regardless of the
nature of the exchange cation. Therefore, only the IR
spectra of Nisulam-Al-smectite complexes are reported
in Figure 1.

About 3545 mg/g clay of Nisulam was adsorbed at
room temperature. The molecule adsorbed by coordi-
nation to the exchange cation through the NO, group
as shown by the IR spectrum (Figure 1, spectrum ‘‘a’’).
The NO,-stretchings differ slightly, but significantly
from those of Nisulam solid or of Nisulam in CHCI,.
Asymmetric and symmetric stretchings are shifted
respectively to lower frequencies by about 7-8 cm—!
and to higher frequencies by about 4-5 cm~'. The NO,
in plane symmetric deformation at about 850 cm™ is
lower and broader compared to the corresponding band
of the unadsorbed compound. Similar results were ob-
tained with nitrobenzene and parathion adsorbed on
montmorillonite (Saltzman and Yariv, 1976; Yariv et
al., 1966). According to Nakamoto (1978), the shift of
both NO,-stretching bands to lower frequencies indi-
cates that the nitro group’s two oxygens are involved
in the coordination bond. In contrast, the shifts towards
opposite directions observed in our spectra, suggest
that only one oxygen is bonded to the exchange cation
through a water bridge. The following configuration is
therefore suggested:

N 0
Sne O —SO,——NH—!Z—OCHa

H
J) s
Clay-Me"t ... O—H ... O
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Table 1. Assignment of the principal bands in the infrared spectrum of Nisulam (KBr pellet) in the 2500-700 cm™! region.
Band position
(cm™) Band assignment References
1741 C=0 stretching Bellamy, 1958; Rao, 1963
igég } Benzene ring Bellamy, 1958; Rao, 1963
1535! NO, asymmetric stretching Tanaka and Tanaka, 1968;
Exner et al., 1972
1456 CH, bending Carter and Devia, 1973
1362 SO, asymmetric stretching Tanaka and Tanaka, 1968
1348t NO, symmetric stretching Tanaka and Tanaka, 1968;
Exner et al., 1972 -
1252 C-N stretching (O,N-C)
1172 SO, symmetric stretching Tanaka et al., 1968
852 NO, symmetric in plane deformation Exner et al., 1972;

(scissoring)

Pinchas ef al., 1964

! These bands appear at 1534 cm™ and 1348 cm~! when Nisulam was dissolved in CHCl,.

On heating the complex at 75°C the bands at 1740 cm™!
and at 1454 cm respectively assigned to C=0-stretch-
ing and to CH;-bending vibration decreased progres-
sively. This was observed on all Nisulam-clay systems
(Figure 1, spectrum “‘b’’), while a new band at 2336
cm™, assigned to CO,-stretching vibration (Fripiat et
al., 1974), appeared in samples run no later than 10-20
min after heating. This compound probably derives
from the decomposition reaction of Nisulam as report-
ed below. After the subsequent equilibration at 100%
RH, no changes were observed in the IR spectra (Fig-
ure 1, spectrum ‘‘c’’). These findings, together with a
positive nitrochromic test showing methylalcohol for-
mation, indicate that smectite-adsorbed Nisulam de-
composes as shown in the following reaction:

0 o
N )
H >N—©——SO,—NH—E——OCH3 _heating,
Clay—Me"*...J)——H...O

AN
H N—@—SO,—NH, + CO, + CH,OH.
J)_ /
Clay-Ment | . . H...0

After further heating the sample at 90°C, Nisulam
decomposed completely as indicated by chemical anal-
ysis and the disappearance of the C=0-, and CHj-
vibrational bands (Figure 1, spectrum ‘‘d’’). Thin-
layer chromatography of ethanol extracts of heated
Nisulam-smectite complexes confirmed that only nitro-
benzene-sulphonamide was present. Unlike the Asulam
complexes, no traces of other compounds (e.g., 4-
nitrobenzenesulphonic acid) were revealed using this
method. Nisulam decomposition to 4-nitrobenzenesul-
phonamide is further supported by the similarity of
the IR spectrum of this pure compound adsorbed on
clay to that of the heated (90°C) Nisulam-clay system
(Figure 2, spectrum ‘‘a’’).
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CONCLUSIONS

The substitution of a functional group in an organic
molecule influences its adsorption on smectite and its
catalytic decomposition. The Asulam molecule, having
an NH, functional group in position 4 on the ring, be-
sides being protonated, is coordinated through the
C=0 group to exchange cations with comparatively
high polarizing power. Coordination results in a weaker
double bond character of the C=0 group. The C-N
bond is therefore strengthened, whereas the S—N bond
is weakened. The latter thus becomes unstable, and
Asulam decomposes into sulphanilic and carbamic
acid. In contrast, in the absence of coordination, ad-
sorbed Asulam decomposes to sulphanilamide if the
unstable 4-aminobenzenesulphonylcarbamic acid, re-
sulting from the preliminary hydrolysis of the
—CO-OCH; group, is not previously stabilized as a car-
bamate. This salt-formation process, occurring with
exchange cations having low solvation energy (Na*,
K*, Cs*), can be ascribed to the relatively high pH
(>pK,) determined in the interlayer spacing by these
cations. The low environmental acidity probably pro-
duces the dissociation of the carboxylic group of the
acid.

For Nisulam, where an NO, group replaces NH,, the
inductive and conjugation effect (Gould, 1962) causes
the molecule to coordinate to exchange cations through
this nitro group, thereby precluding the bonding of the
organic molecule through the C=0 group. As a result,
the double bond character of this group is preserved,
and weakening of the S-N bond is precluded, as con-
firmed by the fact that only 4-nitrobenzenesulphon-
amide was formed as a reaction product in all the Ni-
sulam-clay systems.

The absence of a 4-nitrobenzenesulphonylcarbamate
anion, corresponding to a 4-aminobenzenesulphonyl-
carbamate anion which results from the Asulam de-
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Figure 2. (a) Differential infrared spectrum of 4-nitroben-

zenesulphonamide-Al-montmorillonite complex at room
temperature; (b) absolute infrared spectrum of pure 4-nitro-
benzenesulphonamide (KBr pellet); (c) absolute infrared
spectrum of pure Nisulam (KBr pellet).

composition on alkaline montmorillonites, may depend
on the cleavage of the C—N bond before hydrolysis of
the —-CO-OCH; group. This reaction could be ascribed
to the C-N weakening that results from electron with-
drawing by the NO, group which, on adsorbed Nisulam,
is coordinated to the exchange cation at room temper-
ature.
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Pestome—ANICOPOUHS] ¥ KaTaJATHYECKass [ACKOMIIO3UIHAS 4-HUTPOGEH3EHOCYILOHUIMETHIKAPOOHATA
(Fep6uuun Hucynam) GeHToHMTOM M3 YNTOH, JlaeMHMHr, HachIMIEHHBIM pas3JAYHBIMH KaTHOHAMH,
HCCAeAoBa]ach MyTeM XpoMaTorpadMud TOHKHX CJIOEB W HH(pakpacHO# cnekTpockomuu. Hucysam
aficopGupyeTcs B KOMHATHOU TeMiepaType NyTeM KoopauHupoBaHHs rpymmnsl NO, ¢ oOMEHHbIM
KaTHOHOM HE3aBUCHMO OT THOa 3Toro KkaTuoua. [pu HeGowinom Harpese (75-90°C) mosekyiia Hucynama
packiafbIBaeTcs Ha 4-HUTpoGeH3eHOCy bhOHAMIN, TOTA KaK MOX0XKee COefHHEeHAE (TepOrum Acyam),
cofepxainee dyHkupoHanbHyio rpymny NH, BMecto NO, ajcopOupyeTcsi nyTeM NPOTOHUPOBAHHUS B
KOMHATHOH TEMIIEpAaType M pacKIaibIBAeTCs Ha pasjmyHble NpoayKThl. s KaTHOHOB ¢ OOJBLIIOH
CHJION MONAPH3alHMH YCTAHABJIMBAETCS KOOPAMHALMOHHAS CBA3b MexKAy rpymmod C=0 MOJEKYJbl
Acynara ¥ OOMEHHbIM KATHOHOM, H MOJIEKYJIAa PacKJIafibIBacTCs Ha Cylb(aHHIOBYIO U KapOaMHHOBYIO
KHCJIOTY. B IIPOTHBOIOJIOKHOCTh, Il KATHOHOB C HH3KOH CHJIOH NOJIApH3allMM KOOPAWHALHUA HE
BBICTYIIA€T M MOJIEKYJla pa3jlaraeTcsi B OCHOBHOM Ha cyJbdanmnamua. KoopauxHamust Hucynama c
OOMEHHBIM KaTHOHOM nocpegcTBoM rpymibl NO, BMecTo JBoiiHO#M ¢Bsizn C=O npumicana MHIYKTUBHbIM
¥ coequHsIomuM 3 deKkTaM, XapakTepHbIM A HuTporpymisl. [E.C.]

Resiimee—Es wurde die Adsorption und die katalytische Zersetzung von 4-Nitrobenzensulfonylmethyl-
carbamat (Herbizid Nisulam) durch ben Bentonit von Upton, Wyoming, der mit verschiedenen Kationen
gesittigt war, mittels Diinnschichtchromatographie und Infrarotspektroskopie untersucht. Nisulam wird
bei Raumtemperatur—unabhiingig von der Art des Kations—durch die Koordination der NO,-Gruppe mit
dem austauschbaren Kation adsorbiert. Bei mBigem Erhitzen (75-90°C) zerfillt dieses Molekiil in 4-Nitro-
benzensulfonamid wihrend eine dhnliche Verbindung(Herbizid Asulam), die eine NH,-funktionelle
Gruppe anstelle der NO,-Gruppe enthilt, bei Raumtemperatur durch Protonierung adsorbiert wird und
in verschiedene Produkte zerfillt. Bei Kationen, die ein groBes Polarisierungsvermdgen haben, bildet
sich eine koordinative Bindung zwischen der C=0-Gruppe des Asulam-Molekiils und dem austausch-
baren Kation, und das Molekiil zerfillt in eine Sulfanilsiure und eine Carbamidsidure. Bei Kationen,
die dagegen ein niedriges Polarisierungsvermogen haben, tritt keine Koordination auf und das Molekiil
zerfillt hauptsichlich in Sulfanilamid. Die Koordination von Nisulam an das austauschbare Kation
durch die NO,-Gruppe anstelle der C=0-Gruppe wird Induktions- und Konjugations-Effekten zuge-
schrieben, die fiir die NO,-Gruppe typisch sind. [U.W.]

Résumé—On a etudié par chromatographie de fines couches et par spectroscopie infrarouge 1’adsorption
et la décomposition catalytique de nitrobenzénesulphonylméthylcarbamate-4 (I’herbicide Nisulam) sur une
bentonite d’Upton, Wyoming, saturée de cations différents. Le Nisulam est adsorbé & température am-
biante par coordination par le groupe NO, au cation d’échange sans égards pour la nature du cation. Echauf-
fée modérément (75°-90°C), cette molécule se décompose en nitrobenzénesulphonamide-4, alors qu’un
composé similaire (I’herbicide Asulam) contenant le groupe fonctionnel NH, au lieu de NO, est adsorbé
par protonation a température ambiante et se décompose en produits différents. Pour des cations ayant une
puissance polarisante élevée, un lien de coordination entre le groupe C=0 de la molécule Asulam et le
cation d’échange est établi, et la molécule se décompose en acides sulphanilique et carbamique. Par con-
traste, pour les cations ayant une puissance polarisante basse, il n’y a pas de coordination, et la molécule
se décompose principalement en sulphanilamide. La coordination du Nisulam au cation d’échange par le
groupe NO, au lieu de C=0 est assignée a des effets d’induction et de conjugaison typiques du groupe
nitro. [D.J.]
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