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N-suhstituted benzothiazolium compoumls are potential chemicals for pesti­
cides and herbicides production. In this way they are able to contami­
nate the soil as well as earth's water. On the basis of cation exchange 
reactfon mechanism is mineral montmorillonite able to adsorb benzo­
thiazolium compounds from their aqueous solutions and in this manner 
to prevent their polluting activity. In this interaction layered clay-orga­
nocomplexes are formed exhibiting mostly disordered structure with irra­
tional sequence of 00 l spacings. Chemical and steric characteristics 
of organic adsorbates infiuenced the extent of the retention as well as 
the stability of the organocomplex formed. 

INTRODUCTION 

Benzothiazolium compounds are commonly used in industrial production of 
dyes, additives, catalysts etc. (1, 2). It was reported recently (3), that N-substituted 
benzothiazolium (BT) salts exert the significant biological activity. They may be 
used as a stimulators of plant growth as well as the pesticides and fungi-0ide19. 
In this connection they can potentially contact the soil and to react with the clay 
fraction giving rise to the clay-organocomplexes. The bonding between the clay 
mineral and the organic compound should be sufficiently strong to prevent the . 
contamination of the environment. 

Generally, it is known (4] that the electrostatic and van der Waal's forces are 
responsible for the clay-organic interaction in the first stage of the clay-organo­
complexes formation. Then, the short-range forces (like in the chemical reaction) 
may dominate depending on the surface properties of clay mineral and the chemical 
characteristics of interacting adsorbate. 

In this work the retention of selected N-substituted BT compounds on mont­
morillonite (MMT) - as the most abundant adsorbent occuring in soils - waB 
studied in order to define the properties of the complexes formed using the methods 
of X-ray diffraction (XRD), thermal analysis (TA) and infrared spectroscopy (ffi), 

EXPERIMENTAL 

Mate rials 

Calcium form of montmorillonite (the fraction less 0.002 mm extracted from 
bentonite Jelsovy Potok - Cantral Slovakia) was used as an adsorbent. Its chemical 
composition was (the contents of oxides in wt.%): 

Si02 
62.7 
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Ti02 
0.12 

CaO 
3.10 

MgO 
3.75 

H20 
14.97 
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N-substituted BT compounds were used as adsorbates. Their chemical composi­
tion may be derived from the formulae: 

/'-.-./s'-.... lgJ
'-..._

N�CH x-

where R stands alternatively for H (benzothiazolium, BT); CH3 (3-methylbenzo­
thiazolium, MBT); CH2-CH=CH2 (3-alylbenzothiazolium, ABT); CH2-C6H5 

(3-benzylbenzothiazolium, BBT); CH2-COO-C2H5 (3-etoxycarbonylmethyl­
benzothiazolium, EBT) and X stands for Br, I or HS04 • 

The compounds were prepared according the methods described in [l]. 

Adsorption procedure 

The adsorption proceeded from aqueous solutions containing 0.1 M of BT salt 
in 1 dm3 using the standard batch technique at room temperature. The solid/solu­
tion ratio was 1 g of MMT (dried at 105 °0) per 50 cm3 of solution. The contact 
time took 48 hr. After equilibrating the solid phase was filtered off, washed with 
deionized water carefully and dried at 50 °0. The solution was analyzed for Ca2+ 

using standard titration method and the amount of the organic species adsorbed 
on MMT was evaluated from nitrogon content determined by CHN Hewlett­
-Packard analyzer. Tho results arc in Table I. 

Tahle I 

Equilibrium amounts of organic cations adsorbed (aorg,) and Cai+ released per 1.0 g of adsorbent 

(MMT) following the reaction scheme (1) 
-

aor1r. Cai+ 
Sample 

I I(mmol. g-1) 
I 

(mg .g-1) (mmol. g-1) (mg.g-') 

Ca-MMT - - 0.53 21.28 
BT-MMT 1.78 242.3 0.51 20.70 
ABT-MMT 0.90 158.6 0.47 19.03 
BBT-MMT 0.71 161.5 0.43 17.54 
MBT-MMT 0.90 135.2 0.45 18.40 
EBT-MMT 1.05 233.4 0.50 20.04 

Clay-organocomplexes  character izat ion 

X-ray di f fract ion method (XRD)

XRD method was applied to measure the changes inc-dimensions of textured 
samples (dool spacings) using Philips PW 1050 difractometer (CuK., radiation 
filtered by Ni at 35 kV and 20 mA). The results are shown in Fig. 1. 
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Infrared analysis  ( IR) 

The IR spectra for adsorbent and adsorbates before and after adsorption in the 
region of 400-4000 cm-1 were recorded by Specord spectrometer (Carl Zeiss) 
in nujol suspension or/and KBr tablets (0.002 g of the sample in 0.3 g KBr). The 
selected frequencies are in Table II. 

Thermal  analysis  (TA) 

TA was used to  study the amount of organic species adsorbed as well as to 
measure the thermal stability of the complexes formed. A DuPont 990 Thermo­
analyzer, TGA 951 module was used. The sample size was 10-15 mg, the heating 
rate 10 °C per min. The measurements proceeded in static air and/or in nitrogen 
flow (1 cm3 N2 • s-1). The results are given in the form of differential thermo­
gravimetric curves (DTG) in Figs. 2. and 3. 

DISCUSSION 

It may be expected that the interaction of BT+ cations with MMT will follow 
the cation exchange reaction scheme: 

Ca{MMT)z (s) + 2 BT+X- (aq.) 2 BTMMT (s) + CaX2 (aq.) (1) 

According to the data in Table I only nonsubstituted BT and EBT compounds 
were able to release the amounts of Caz+ cations corresponding approximately 
to the stoichiometric value (0.53 mmol Caz+/1 g of MMT). The remaining com­
pounds released Caz+ amounts lower in 10-20 % . Moreover, in one. case only 
(EBT cmpd.) was achieved the stoichiometry in exchange as far as the amount 
of the adsorbed organic cation is concerned (theoretical value of 1.06 mmol . g-1 ). 
The value for nonsubstituted BT compound exceeded the stoichiometry in the 
other cases the values were lower (0.71-0.90 mmol . g-1). The amounts of the 
adsorbed species deerease in the sequence: 

BT> EBT > MBT = ABT> BBT. 

Excluding the EBT compound the extent of adsorption correlate with the size 
of the adsorbate which increases in the rate (the numbers in parentheses represent 
the cation volume in nm3): 

BT(0.121) < MBT(0.130) < ABT(0.2.46) < BBT(0.310) < EBT(0.340). 

(The size of cations was calculated using quantum chemical data according to [9]). 
This correlation indicates that the prevailing part of smaller cations are adsorbed 

more extensively which is unexpected regarding the rules governing the van der 
Waal's forces. Obviously, a chemical nature of organic species plays a significant 
role in the adsorption and additional studies are needed to make this phenomenon 
more clear (investigation of the mode of packing, steric hindrance to the diffusion 
in the interlayer region, etc.). 

The XRD results revealed decreasing interlayer spacings in the sequence (the 
numbers denote door spacing value in nm): 

BT(l.632) > EBT(l.590) > BBT(l.470) > ABT(l.422) > MBT(l.400). 
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Sorption of N-Substituted Benzothiazolium Compounds on Montmorillonite 

The regular layer structure (rational 001 sequences) was found for nonsubstituted 
BT complex only. The remaining complexes form rather disordered structures 
showing weak and mostly irrational 001 diffractions. 

Fig. 1. XRD traces of the studied organoclay-complexes: 1 - BT-MMT; 2 - MBT-MMT;
3 - EBT-MMT; 4 - ABT-MMT; 5 - BBT-MMT (abbreviations as in experimental 

chapter). 

Thermal stability of organoclay complexes indicated by thermogravimetric 
measurements can reflect the bonding strength of organic species in MMT inter­
layer [5, 6]. Differential thermogravimetric (DTG) decomposition curves in the 
temperature range 20-1000 °C are shown in Fig. 2 (measurements performed 
in static air) and in Fig. 3 (nitrogen flow). The curves differ in their shape and 
peaks localization on the T-axis expressing the variability in the chemistry of 
adsorbates and/or experimental conditions. The most intensive changes occur 
in temperature range 200-500 °Cin which 8-15 wt.% (in air) and/or 12-17 wt.% 
(in nitrogen atmosphere) of the gaseous products are formed and escaped. However, 
the stepped decomposition is evident in this tempErature region exhibiting 
2-3 distinct DTG peaks with one dominant belonging to the largest weight loss.
Considering this peak as a measure of the thermal stability for investigated com­
plexes the following sequence may be obtained:

MBT > ABT > BBT > EBT 

for both, air and nitrogen atmosphere. Accordingly, the lowest thermal stability 
showed complex containing the largest EBT cation decomposing a't temperature 
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lower in about 200 °0 compared with complex formed by substantially smaller 
MBT cation. 

Next reaction is MMT dehydroxylation. Nevertheless, it occurs at lower tem­
peratures compared with non-treated CaMMT, in flowing nitrogen especially. This 
phenomenon was still observed previously [7], and may be explained by easier 
H20 (g) diffusion in MMT interlayer due to its partial pillaring with carbonaceous 
residues. That's why dehydroxylation of MMT structure occured in temperature 
range 500-700 °0. 

DTG peak at 870 °0 belongs, obviously, to the calcite decomposition. A small 
amount of calcite was present in OaMMT as admixture according to XRD results. 
Oxidation of the last carbonaceous residues in air (Fig. 2) occured in temperature 
range 750-800 °0. 

TG analysis provided an information on the presence of the interlayer water 
in organoclay complexes as well. The results showed, that despite of intensive 
hydrophobisation of MMT surfaces the content of interlayer water took 
1.5-4.5 wt. % depending on the nature of the organic cation. It is suggested 
that this residual molecular water might be connected with the nonexchanged Ca:i+ 

17.41 

1 

2 

'-----------3,31 

-----4 

'---1.:":1�2----s 

1.82 6 

100 200 300 400 soo eoo· 100 eoo soo . 1000 
e;cc 

Fig. 2. DTG decomposition curves for Oa-MMT Jelaovy Patak: 1 and organoclay-complexes in 
nitrogen flow (2 - EBT-MMT; 3 - BBT-MMT; 4 - MBT-MMT; 5 -ABT-MMT; 
6 - BT-MMT). The values represent the weight losses (in wt.%) attributed to the DTGpaaks. 
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cations present in the complexes (Table I). This is supported by typical two steps 
dehydration on the DTG curves up to 160 °0 (Fig. 2 and 3). 

The IR measurements made possible to compare the selected vibrations for 
nontreated species (MMT, organic adsorbates) with the same determined for 
organoclay complexes. The results in Table II show, that there is no significan, 
change in stretching frequencies for Si-0 and or Al-OH groups in MMT structure 
before and after adsorption. However, the pronounced changes can be detected 
for vibrations of selected functional groups in adsorbed organic cations. Sur­
prisingly, all changes were positive e.g. the shift to the higher frequencies wae 
observed after adsorption. This is unexpected for stretching vibrations of C-H 
bond in benzene structure especially, because the opposite shift was reported by 
[8] studying analoguous nitrobenzene adsorption on MMT.

2 

---3. 

,_ ____ 5 

100 200 300 400 500 600 700 800 900 1000 

O; •c 

Fig. 3. DTG decompoauon curve8 for MMT Jelaov/J Potok: 1 and organo•complexe8 after heating 
in at<uic air (2 - EBT-MMT; 3 - BBT-MMT; 4 - MBT-MMT; 5 - .ABT-MMT). 

The numerical data 08 in Fig. 2. 

CONCLUSIONS 

Water soluble BT compounds (the chemicals potentialy used for the production 
of a new types of herbicides and pesticides) interact with MMT on the basis of the 
cation exchange reaction mechanism. As a result the ionic complexes are formed. 
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Depending on the:chemistry and size of BT compound can MMT adsorb 
0.7-1.8 mmol BT compound per 1 mmol M+ (monovalent exchangeable cation 
in MMT interlayer). In this way is MMT able to prevent the contamination of the 
environment with these pollutants. 

The layered structure of the complexes is rather disordered (excluding the non­
substituted BT compound) characterized by irrational 001 spacings. Obviously, 
the chemical and steric nature of N-substituted BT compounds prevent their 
regular arrangement in MMT interlayer. 

The steric characteristics of BT compounds are suggested to play a significant 
role in thermal stability of complexes as detected by thermoanalytical study. In 
prevailing part, thermal stability decreased with increasing of the size of organic 
cation in MMT interlayer. 

No changes in MMT structure ware detected after adsorption of organic species 
using IR study. However, the additional experimental work is needed to elucidate 
the special bonding of BT compounds in MMT interlayer. 
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SORPCIA N-SUBSTITUOVANYCH DERIVATOV BENZOTHIAZOLIA 
NA MONTMORILLONITE 

Viera Luptakova, *Ivan Horvath 

Kated.ra anorganickej chemie PFUK, Mlynska dolina, 842 15 Bratislava 
•Ustav anorganickej c�emie SAV, Dubravska cesta, 842 36 Braualava

Vodorozpustne benzothiaz6liove zluooniny su biologicky aktlvne zluooniny a okrem ineho ich 
mozno pouzit pre vyrobu herbicidov a pesticidov. Pi)sobia tiez ako stimulatory rastu rastlin. 
V tychto suvislostiach prichadzaju do kontaktu s pOdou a povrchovymi vodami, ktore mOzu 
kontaminovat. Jednou z moznosti ich dekontaminacie je vazba na Hove mineraly za vzniku stabil­
nych organokomplexov. 

Studium mod!')lovych vzoriek pripravenych interakciou montmorillonitu (ako potencialneho 
adsorbenta nachadzajuceho se v pl>dach) a vodnych roztokov N-subst1tuovanych derivatov 
benzothiaz6lia poskytlo informacie o rozsahu sorpcie a stabilite vznikajucich organokomplexov, 

Suborom fyzika.lne·chemickych met6d (rtg. difraki!na analyza, termicka analyza, IC spektro• 
skopia) sa zistilo, ze studovane organ\cke adsorbaty vnikaju do medzivrstvovych priestorov 
struktury montmorillonitu mechanizmom i6novej vymeny. Vznikaju vrstevnate organokomplexy 
vyznai!ujuce sa prevazne neusporiadanou strukturou (v smere kolmom na klad vrstiev). Termicka 
stabilita komplexov klesa. s rastucim .rozmerom molekuly adsorbatu. Met6dou IC spektroskopie 
sa zistilo, ze po sorpcii nenastavaju vyznai!nejsie zmeny v lokalizacii absorpi!nych maxim typic­
kych pre vibra.cie Si-0 a Al--OH v strukture montmorillonitu. Namerali sa vsak vyznamne 
zmeny niektorych vazbovych vibracii adsorbovanych organickych molekul v porovnani s vycho­
diskovou latkou. 
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Obr. 1. Reg. difraktogramy §tudovanych organokomplexov: 1 - BT-MMT; 2 - MBT-MMT; 
3 -EBT - MMT; 4 - ABT- MMT; 5 - BBT-MMT (oznacenia vyavetlene v texte). 

Obr. 2. DTG krivky Ca-montmorillonitu Jelaovy Potok 1 a pripravenych organokomplexov po za­
hreve v prietoku N2 (2 - EBT-MMT; 3 - BBT-MMT; 4 - MBT-MMT;
5 - ABT-MMT; 6 - BT-MMT). Ciselne hodnoty znamenafu straty hmotnosti v % .

Obr. 3. DTG krivky Ca-montmorillonitu Jelaovy Potok 1 a pripravenych organokomplexov po zahreve 
na vzduchu (2-EBT-MMT; 3 - BBT-MMT;4- MBT-MMT; 5 -ABT-MMT). 
Ciselne hodnoty ako pri obr. 2. 

COPBQllJI N-3AMEmEHHbIX IIPOll3BO,[(HbIX 

EEH30TllA30JIMH HA MOHMOPMJIJIOHMTE 

BHepa JTyrrTaRoBa, *MBaH XopBaT 

Ra<f,eopa tteopeattu'lf!c-,;ou xu.uuu <Jia-,;y.n,bmema ecm. 1-1,ay,c Y K, 
M.1m�c,;;a 00.11,utta, 84215 Bpamuc.n,aea 

*Httcmumym Heopeattu«<!c1>ou xu.uuu CAH, l(y6paec,ca �ecma, 842 36 Bpamucaaea 

BogopacTBOplIMLie 6eH30THa301IHOBble coe]lHHeHHH HB1If1IOTCH 6HOJIOJ'H'lecRH aKTHBHLIMH 
coeg1rneHHHMH, KOTOpbie RpOMe Toro MO)l(HO HCilOJU,30BaT'I, A1IH npoH3B0)1CTBa rep6HI�HJl0B 
H rreHTHl�HAOB. )].a.11ee OHH HB1IHI0TCH CTHMY1IHTopaMH pocTa pacTeHHH. B CBH3H C TeM ORB'. 
BXOAHT BO B3aHM01\0HCTBHe C IIO'IBOH H UOBepXHOCTBhIMH BogaMH, KOTOpble uoryT J(OHTa­
MHHHpOBaTh. OgHOli H3 B03MO)f(HOCTeii: HX AeROBTaMHHa�HH MOlRCT 6b1Th HX CBH3aHB0CTI,, 
,c HJIHCTbIMH MaTep11a1IaMH C o6paaoBaHHeM cTa6HJihHLIX opraHOR0MII1IeRC0B. 

' MccJie)lOBaHlrn Moge.llbHLIX o6paaqoB, rro.11y'IeHBL1X Baae.Mogeii:cTBHeM MOHTMOpHnJIOHHT8 
rrpOH3B0ABL1X 6eB30THa30JIHH rrpegocTaBJI.IICT HHq>opua�HH OTHOCHTeJibHO IIOTeH�HaJI'bHOI'O 
agcop6eHTa, HaXO/\HII(eroc.11 B IIO'IB0 H BOAHhIX pacTopoB N - aaMeiqeHHblX paaMepa 
cop6qHH II ycTOH'IHBOfTH o6paayK>IqHXC.II opraHOROMIIJieRCOB. 

C IIOMO!qbK> Ha6opa q>H3HRO-XHMH'ICCRHX MeTOAOB (Tpr. /:\Hq>paRqHOHBblH auaJIH3, TepMH­
'leCRHH aHI\JIH3, MK crreRTpOCROIIHH) 6LIJIO ycTaBOBJl8BO, 'ITO HCC.IICAYeMLie opraHH'IeCKH8 
a}Icop6aTbl rrpoHHRI\K>T B Meli<CJIOHCTble npocTpaucTBa CTPYRTYPbI MOHTMOpHJIOHHTa Mexa­
HH3MOM HOHHOI'O o6MeHa. TaRHM o6pa30M B03BHRaK>T CJIOIICTble opraHOROMIIJieRCLI, OTJIH­
'IaK>�Hec.11 rrpem;w Bcero ueyrrop.11rio'IeBHOH crpyRTypoi (s HarrpaBneae.H rreprreHAHRyn.11pH, 
K YRJiaARe CJIOeB). TepMH'IeCRI\H cra6HJibHOCTh KOMII1I0KCOB IIOHHli<l\eTCH C pacrym;m,1 paa­
wepoM MOJieRyJibl agcop6ara. C IIOMOIIlblO M0TOAU ll.K CII0RTpOCROIIHH 6bIJIO ycraHOBJieHO, 
'ITO rrocJte cop6qun He c,rnt\YIOT 6onee cyUleCTBHTeJibHble H3MeHeHHH B paa11em;eHHH a6cop6-
�HOHHhIX MaRcHMyMoB, THIHl'IHLIX AJIH BH6pa�Hi Si-0 H Al-OH B cTpyRType MOHTMo­
pHnnoHnra. 0AHaR0 HaMH H3Mep.RJIHCh pe3RH0 H3M0HeHHH HeROTOpbIX CBH30'1BbIX BH6pa�l!1B 
8JlCOp6HpOBaHHblX opraHl!'JeCRHX MOJIBRYJI B COIIOCTaBJI0BHH C HCXOAHhIM BemecTBOJd. 

Puc. 1. RTG au<jjpa,;poepa.M.Mbl. ucc.n,eayeMbl.X opeaH01'0Mn.11e-,;coe: 1 - BT - M MT 2 -
MBT - MMT; 3 - EBT- MMT; 4 - ABT- MMT; 5 -BBT - MMT (060· 
aHa«<!HUJI 06'blf,c1-u1mcn e me,ccme). 

Puc. 2. DTG ,;;pu6bl.e Ca-.uom.»opu.11,.110Huma E.n,biuo6bl llomoi. 1 u npueomoe.n,eHHbJX opeaHo­
-,;o.Mnae-,;coe noc.n,e 11,aepeea e npumo,;e N2 (2 ..:.. EBT - M .MT; 3 - BBT -
MMT; 4 -MBT - MMT; 5 - ABT- MMT; 6 - BT - MMT. au¢poe&1e 

ee.11,u•1uHbl o6oaHa'ta/Om nomepu eeca 6 %-
Puc. 3. DTG r.:pue&ie Ca-MoH.Mopu.11.11,oHuma E.n,biuoebl. Ilomo-,; 1 u npueomoMeHHWX op2aHo-

1.o.1,mae1,co6 noc.11e 11,aepeea e eoaayxe (2 - EBT -MMT: 3 - BBT -MMT; 4 -
M BT - M MT; 5 - ABT - M MT). au<Jpoebl.e eeAU'(UHbl o6oaHa'ta/Om nomepu 
eeca 8 %.
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