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ADSORPTION AND CATALYTIC DECOMPOSITION OF 
4-NITROBENZENESULPHONYLMETHYLCARBAMATE 

BY SMECTITE 

PAOLO F u s I ,  1 GIUSEPPE GABRIELE RISTORI, 2 AND MARCO FRANCI 2 

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 
(75~176 this molecule decomposes to 4-nitrobenzenesulphonamide whereas a similar compound (her- 
bicide Asulam) containing the NHz functional group instead of NOz 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=O 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 NO2 group instead of C=O is ascribed to inductive and 
conjugation effects, typical of the nitro group. 
Key Words---Adsorption, Asulam, Bentonite, Decomposition, Herbicide, Nisulam. 

INTRODUCTION 

Catalytic decomposition of the herbicide Asulam 
(4-aminobenzenesulphonylmethylcarbamate,--H2N- �9 - 
SO2-NH-CO-OCH3) adsorbed on Upton, Wyoming, 
bentonite saturated with different cations was de- 
scribed in previous papers (Fusi et al., 1980; Ristori et 
al., 1981; Fusi et  al., 1981). Asulam, adsorbed at room 
temperature by protonation of the -NH2 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=O 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 NH2 
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-/zm fraction of Upton, Wyoming, bentonite. This 
was done by washing the clay with 1 M solutions of 
AP +, Ca 2§ , Ba 2+ , Mg ~+ , Cu 2+, Zn 2+ , K § and Li § and by 
removing excess salt until the CI- test was negative. 
The Nisulam (4-nitrobenzenesulphonylmethylcarba- 
mate, O2N-O-SOz-NH-CO-OCH3) was supplied by 
May and Baker, Ltd. The 4-nitrobenzenesulphonamide 
was prepared from a 4-O2N-CnH4-SO2-CI 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 CC14-saturated Ni- 
sulam solution for 24 hr. They were then removed from 
the solution, rinsed twice with CC14, 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~ 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~ 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-L 
The spectra were recorded in the 2500-1200 cm -1 and 
900-700 cm -~ regions. Different IR spectra of the Ni- 
sulam-clay systems were recorded at room temperature 
on a model 283B Perkin-Elmer spectrophotometer  
from: (1) the original sample, (2) the sample after heat- 
ing at 75 ~ and 90~ for 20 hr, and (3) after equilibrating 
the heated samples at 75~ and 100% RH for 5 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 F2s4 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 

complexes at different stages of the experiment were 
scraped offand 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 rim. CH3OH 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 -1 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-montmoril lonite 
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  35-45 mg/g clay of Nisulam was adsorbed at 
room temperature.  The molecule adsorbed by coordi- 
nation to the exchange cation through the NO2 group 
as shown by the IR spectrum (Figure l ,  spectrum "a" ) .  
The NO2-stretchings differ slightly, but significantly 
from those of Nisulam solid or of Nisulam in CHC13. 
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 NO2 
in plane symmetric deformation at about 850 cm a 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 NO2-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: 

O O 

H ~ N - -  ~ )  - -S0z- -NH--  ~ - O C H a  

Clay-Me "+ . . . ( ~ - - 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 -1 region. 

Band position 
(cm n) Band assignment References 

1741 
1610 } 
1488 
15351 

1456 
1362 
13481 

1252 
1172 
852 

C = O stretching 

Benzene ring 

NOs asymmetric stretching 

CH3 bending 
SOs asymmetric stretching 
NOs symmetric stretching 

C--N stretching (OsN-C) 
SOs symmetric stretching 
NOs symmetric in plane deformation 

(scissoring) 

Bellamy, 1958; Rao, 1963 

Bellamy, 1958; Rao, 1963 

Tanaka and Tanaka, 1968; 
Exner et al. ,  1972 

Carter and Devia, 1973 
Tanaka and Tanaka, 1968 
Tanaka and Tanaka, 1968; 

Exner et al. ,  1972 

Tanaka et al. ,  1968 
Exner et al. ,  1972; 

Pinchas et al., 1964 

1 These bands appear at 1534 cm -1 and 1348 cm -1 when Nisulam was dissolved in CHCIz. 

On heating the complex at 75~ the bands at 1740 cm -x 
and at 1454 cm -1 respectively assigned to C = O-stretch- 
ing and to CH3-bending vibration decreased progres- 
sively. This was observed on all Nisulam-clay systems 
(Figure 1, spectrum " b " ) ,  while a new band at 2336 
cm -1, assigned to COs-stretching vibration (Fripiat e t  
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- 
marion, indicate that smecti te-adsorbed Nisulam de- 
composes as shown in the following reaction: 

O O 

u ~N_O_SO~_~_~:_.OCH~ h ~  
Clay -Me"+ . . . / ~ _ H  . . .  0 / 

0 

H N - - ~ - - S O ~ - - N H 2  + CO~ + CHsOH. 

Clau  § . . .  ( ~ - - H . . .  0 / 

After further heating the sample at 90~ Nisulam 
decomposed completely as indicated by chemical anal- 
ysis and the disappearance of  the C=O- ,  and CHa- 
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 decomposit ion to 4-nitrobenzenesul- 
phonamide is further supported by the similarity of  
the IR spectrum of  this pure compound adsorbed on 
clay to that o f  the heated (90~ Nisulam-clay system 
(Figure 2, spectrum " a " ) .  

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 NH2 functional group in position 4 on the ring, be- 
sides being protonated, is coordinated through the 
C = O  group to exchange cations with comparatively 
high polarizing power. Coordination results in a weaker  
double bond character of the C = O  group. The C - N  
bond is therefore strengthened, whereas the S - N  bond 
is weakened. The lat ter  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- 
sui t ing f rom the p r e l i m i n a r y  h y d r o l y s i s  o f  the  
-CO-OCH3 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 
(>pKa) 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 NO2 group replaces NH2, 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 = O  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- 
sularn-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). 

composi t ion  on alkaline montmori l loni tes ,  may depend 
on the c leavage of  the C - N  bond before  hydrolysis  o f  
the - C O - O C H 3  group.  This react ion could be ascr ibed 
to the C - N  weakening  that resul ts  f rom elect ron with- 
drawing by the NO~ group which, on adsorbed Nisulam, 
is coordinated to the exchange cation at room temper-  
ature.  
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PeamMe---A)lcop6unfl n KaTaJinT~lqecKa~l ~leKoMno3uun~ 4-nnTpo6en3enocynbqboHn~MeTn~Kap6onaTa 
(Fep6nttn)l Hncy~aM) 6enTonnTOM n3 YnTon, YIaeMnnr, nacbtmeHnbiM paamiqnbiMn KaTnonaMn, 
ncc~e~Ioaa~acb nyTeM xpoMaTorpaqbnn TOHKnX cJIoes n nnqbpaxpacnofi cneI(Tpocronnn. Hncy~aM 
a~Icop6npyeTcfl B rounaTnofi TeunepaType nyTeu Koop~InnnpoBaHn~ rpynnbi NO~ c o6Mennbiu 
KaTnonoM ne3aancnMo OT Tana aToro KaTnona. Hpn ne60~btuou narpeae (75-90~ Mo~eKy~a Hncy~aMa 
pacK~a~blBaeTc~ Ha 4-nnTpo6enaenocy~bqbonaMmI, Tor~a KaK noxo~ee coe~nnenne (rep6nun~I AcyJIaM), 
co~ep>I(amee qbynI~tmonaJmnyro rpynrly NH2 auecTo NO2 a~cop6npyeTc~ nyTeu npoToHnpoBannfl a 
KoMnaTnOfi TeMrlepaType n pacK~aIIbIaaeTcg na paaJ~nqnbie npo~IyKTbL ~[Jlfl KaTHOHOa C 6oJmmofi 
cn~ofi no~apnaaImn ycTanaaJlnBaeTcfl Koop~JaHattnonnaa CB~I3b Me~Iy rpynnofi C=O MOJleKyJIbI 
AcyJIaHa n O6MeHHbIM KaTnOHOM, n MOJIeKyJIa pacK~a)lbiaaeTcg Ha cynbqbann~oayfo n Kap6aMnnoaym 
KncaoTy. B npoTnBOnO~o~nocT~, )Via ~aTnOHOB C nnaKofi cnnofi no~L~pnaalInn Koop~lnnaunfl ne 
a~mTynaeT n Mo~eKyna paanaraeTcfl B ocnoanoM Ha cya~qbann~aMn~. Koop~nHalma HncyaaMa c 
o6Mennbi~ KaTnonoM nocpe~cT~OM rpynnbi NO2 BMeCTO ~BO~HOI4 CB.qan C = O npnnncana nl~yKTnam, lM 
n coe~nnnmmnM 3~eKTaM, xapaKTepnbxM ~ nnTporpynnbL [E.C.] 

Resfimee---Es wurde die Adsorption und die katalytische Zersetzung von 4-Nitrobenzensulfonylmethyl- 
carbamat (Herbizid Nisulam) durch ben Bentonit von Upton, Wyoming, der mit verschiedenen Kationen 
gesiittigt war, mittels Dfinnschichtchromatographie und Infrarotspektroskopie untersucht. Nisulam wird 
bei Raumtemperatur--unabh/ingig yon der Art des Kations--durch die Koordination der NO2-Gruppe mit 
dem austauschbaren Kation adsorbiert. Bei mBigem Erhitzen (75-90~ zerffillt dieses Molekfil in 4-Nitro- 
benzensulfonamid w/ihrend eine iihnliche Verbindung(Herbizid Asulam), die eine NH2-funktionelle 
Gruppe anstelle der NO~-Gruppe enth/ilt, bei Raumtemperatur durch Protonierung adsorbiert wird und 
in verschiedene Produkte zerf'~illt. Bei Kationen, die ein groBes Polarisierungsverm6gen haben, bildet 
sich eine koordinative Bindung zwischen der C=O-Gruppe des Asulam-Molekiils und dem austausch- 
baren Kation, und das Molekiil zerfSllt in eine Sulfanilsiiure und eine Carbamidsiiure. Bei Kationen, 
die dagegen ein niedriges Polarisierungsverm6gen haben, tritt keine Koordination anf und das Molekiil 
zerf'~ifit hauptsiichlich in Sulfanilamid. Die Koordination yon Nisulam an das austauschbare Kation 
durch die NO2-Gruppe anstelle der C=O-Gruppe wird Induktions- und Konjugations-Effekten zuge- 
schrieben, die fiir die NO2-Gruppe typisch sind. [U.W.] 

R6sumg--On a etudi6 par chromatographie de fines couches et par spectroscopie infrarouge l'adsorption 
et la d6composition catalytique de nitrobenz~nesulphonylm6thylcarbamate-4 (l'herbicide Nisulam) sur une 
bentonite d'Upton, Wyoming, satur6e de cations diff6rents. Le Nisulam est adsorb6 ~t temp6rature am- 
biante par coordination par le groupe NO~ au cation d'6change sans 6gards pour la nature du cation. Echauf- 
f6e mod6r6ment (75~176 cette mol6cule se d6compose en nitrobenz~nesulphonamide-4, alors qu'un 
compos6 similaire (l'herbicide Asulam) contenant le groupe fonctionnel NH2 au lieu de NO2 est adsorb6 
par protonation h temp6rature ambiante et se d6compose en produits diff6rents. Pour des cations ayant une 
puissance polarisante 61ev6e, un lien de coordination entre le groupe C=O de la mol6cule Asulam et le 
cation d'6change est 6tabli, et la mol6cule se d6compose 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 mol6cule 
se d6compose principalement en sulphanilamide. La coordination du Nisulam au cation d'6change par le 
groupe NO2 au lieu de C=O est assign6e ~t des effets d'induction et de conjugaison typiques du groupe 
nitro. [D.J.] 
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