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SULFONATION OF ARYLAMINES
Part 12. Kinetics of thermal decomposition of
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Abstract

Three dimethylanilinium sulfates (DMAS) have been prepared and characterised by elemental and
spectral studies. Thermal decomposition of these salts have been studied by TG and simultaneous
TG-DTG technique and kinetic parameters were evaluated from both dynamic and isothermal TG
data using mechanism based kinetic equations. The thermal decomposition pathways have also been
suggested and it has been found that DMAS salts give dimethyl aminobenzenesulfonic acids
(DMABSA) via solid state reaction. The primary step in the thermal decomposition involves proton
transfer followed by sulfonation.
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Introduction

The proton transfer process [1-12] has been reported to play an important role in the
thermal decomposition of almost all the ammonium salts. Earlier we have prepared
and characterised various mono- and disubstituted arylammonium sulphates [4—7],
nitrates [8], perchlorates [9], chlorides [10], bromides [11] and fluorides [12]. The
sulfate salts were found to form aminobenzenesulfonic acids during thermal decom-
position, which find applications [13, 14] in organic synthesis, dyestuffs, sulfa drugs
and detergents. Recently we have reported the preparation, characterisation and ther-
mal decomposition of 2,4-; 2,5- and 3,4-dimethylanilinium sulfates [6]. In continua-
tion to these studies, 2,6-; 3,5- and 2,3-dimethylanilinium sulfate salts (DMAS) have
been prepared and their thermolysis has been reported in the present communication.
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Experimental

Materials

2,6; 3,5- and 2,3-dimethylanilines (Merck) were purified by usual method. Sulfuric
acid (Merck) and silica gel TLC grade (Qualigens) were used as received.

Preparation and characterisation of DMAS

Sulfate salts were prepared by reacting corresponding amine with conc. H,SO, at RT
in 2:1 molar:

RT + +
NH, + H,80y ———> @~ NH:SO,2H;N

(CH:), (CHz), (CHz)2
Dimethylaniline (DMA) DMAS

where (CH,),=2,6-; 3,5- and 2,3-

Instant precipitation was obtained in all the cases and salts were washed twice with
ethyl acetate to remove the unreacted amine and then recrystallized from distilled water
(2,3-DMAS was recrystallized from DMF). The crystals were vacuum dried.

The purity was checked by TLC and confirmed by HPLC using DATALAB 3103
UV-VIS detector coupled with a 3101 pump and Alltech Econosil C-18 5U Column
(250x4.6 mm). The purity of the compound was found to be above 98%. These salts were
characterised by microanalysis, 'H NMR, IR and MS spectroscopy [15-17]. Their physi-
cal parameters, details of TLC and elemental analysis data are presented in Table 1. The
characteristic absorption frequencies (IR), chemical shift (1H NMR) and m/z values
(MS) are summarised in Table 2.

Thermal decomposition of DMAS

The thermal decomposition of DMAS was investigated as follows:

Non-isothermal TG studies

TG studies on DMAS (mass 30 mg, 100-200 mesh) were undertaken in static air at
heating rate of 2°C min™' using indigenously fabricated TG apparatus [18] fitted with
temperature-cum-controller. A round bottom gold crucible was used as sample
holder. Percent decomposition (o) vs. temperature plots are given in Fig. 1.

Simultaneous TG/DTG studies

TG/DTG studies on DMAS (mass 10 mg, 100-200 mesh) were undertaken in N, at-
mosphere. Their plots are given in Fig. 2 and TG/DTG profile data have been summa-
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rised in Table 3. Kinetic parameters reported in Table 4 were evaluated using
Coats—Redfern (CR) [19], Horowitz—Metzger [20] equations.
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Fig. 1 TG curves of a—2,6-DMAS; b — 3,5-DMAS; ¢ — 2,3-DMAS; A—B: decompo-

sition of DMAS; B—C: stability of DMABSA; C—D: decomposition of
DMABSA

Table 3 TG and DTG profile data of DMAS

TG of DMAS (N,) Stability range DTG peaks temp./°C (N»)
Compound A
Sat Fy mass loss/% of DMABSA/°C 1 11
2,6-DMAS 108 256 43.5 256-335 243 343
3,5-DMAS 126 273 43.0 273-336 257 348
2,3-DMAS 212 278 38.0 278-356 263 393

Sa=starting decomposition temperature
Fy=final decomposition temperature
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Table 4 Kinetic parameters for non-isothermal decomposition of DMAS using CR, and HM

equations
Kinetic Coats—Redfern Eq. (n=0) Horowitz—Metzger Eq. (n=0)
Compound . O
model E,/kJ mol r E,/kJ mol r
R, 109.0 0.9949 131.0 0.9970
2.6-DMAS R, 112.0 0.9945 134.0 0.9969
R, 193.0 0.9950 218.0 0.9941
3,5-DMAS R, 195.0 0.9954 221.0 0.9944
R, 150.0 0.9955 169.0 0.9961
2.3-DMAS R, 150.0 0.9954 171.0 0.9961

Isothermal TG studies

Isothermal TG on DMAS were carried out in static air at 190+2, 20542, 22042,
235+2 and 25042°C using indigenously fabricated TG apparatus. Kinetic analysis of
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Fig. 2 Simultaneous TG/DTG curves of a — 2,6-DMAS; b — 3,5-DMAS;
¢ —2,3-DMAS
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the isothermal TG data has been made using the nine mechanism based kinetic mod-
els [21-23] and best fits were obtained in contracting area (CA) and contracting cube
(CC) equations. The values of apparent activation energy (E,), correlation coefficient
(7) etc. are reported in Table 5.

Conversion of DMAS to corresponding dimethyl aminobenzenesulfonic acids
(DMABSA)

The samples of 2,6-; 3,5- and 2,3-DMAS were heated respectively at 270, 210 and
220+£2°C in a tube furnace [24] for 15, 50 and 40 min respectively at reduced pressure
(100£2 mm Hg). Each residue was washed with ethyl acetate and dissolved in dis-
tilled water and concentrated under vacuum to get amorphous solids. Their purity
was checked by TLC and HPLC. These compounds were also found to decompose
during melting point determinations and were identified as 4-amino-3,5-dimethyl-
benzenesulfonic acid (4-A-3,5-DMBSA); 2-amino-4,6-dimethylbenzenesulfonic
acid (4-A-2,6-DMBSA) and 4-amino-2,3-dimethylbenzenesulfonic acid (4-A-2,3-
DMBSA). The physical parameters, details of TLC and elemental analysis data of
dimethylaminobenzenesulfonic acids (DMABSA) are given in Table 1. All the
DMABSA were also characterised by FTIR spectroscopy and the data are reported in
Table 2. All DMABSA gave dye test and effervescence with NaHCO,.

Cross sulfonation studies

The cross-sulfonation studies [5-7, 25, 26] were performed by heating each sample
separately with small amount of aniline under vacuum (1002 mm Hg) for about
30 min. The sulfanilic acid was obtained in each case alongwith the corresponding
sulfonic acid (formed from salts). It indicates the formation of sulfuric acid and amine
molecules in situ and sulfuric acid might have sulfonated aniline.

Results and discussion

Elemental and spectral data (Table 1) clearly indicate the formation of DMAS. TG
curves show that 2,6-; 3,5- and 2,3-DMAS undergo mass loss 0f 43.5, 43 and 38% re-
spectively (40.9% calculated) in the temperature range of 108-256, 126-273 and
212-278°C (Table 3, Fig. 1, A—>B). The corresponding TG and DTG peak values
(Fig. 2) prove the decomposition of salt to form corresponding DMABSA by the evo-
lution of amine and water. This was also confirmed by Co-TLC and chemical analy-
sis as reported earlier [27]. At about 100—150°C, the mass loss (Fig. 2) for 3,5- and
2,6-DMAS may be due to early evaporation of residual water from the recrystal-
lization process. The stability of DMABSA is shown by the pleateau in TG curves
(Fig. 1, (B—C), Table 3). Heating the sample beyond 335, 336 and 356°C resulted in
the decomposition of corresponding DMABSA by deamination, desulfonation,
dealkylation followed by ring rupture. MS data also confirm the formation of
dimethylaniline cation (m/z=121) due to evolution of H,SO,. All DMAS when heated
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Scheme 1 Thermal decomposition pathways of DMAS

in air at higher temperature gave brownish black material containing DMABSA
which was difficult to isolate. To obtain DMABSA in a pure form, samples of DMAS
were heated in vacuum at a constant temperature in an indigenously fabricated tube
furnace.

It has been reported [28, 29] that the basicity of the anion (SO} ) increases with
rise in temperature until it reaches the base strength of DMA. At this temperature, the
anion base removes the proton from dimethylanilinium cation to form DMA and
H,SO, molecules. Therefore DMAS salts seem to decompose in solid state to corre-
sponding DMA and H,SO, molecule (Step 2) via proton transfer process prior to sul-
fonation as illustrated in Scheme 1. It is also proved by cross sulfonation studies.

Isothermal TG carried out in static air also shows mass loss for these sulfate salts
and thus it was found interesting to investigate the kinetics of decomposition (Ta-
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ble 5). E, values of DMAS are lower as compared to dianilinium sulfate [30]
(E,=118 kJ mol™") which may be due to —/ effect of CH, groups at ortho [31-33] and
meta position [34-37]. Thus the N-H bond is weakened and undergo heterolysis. The
low value of E, for 2,6-DMAS seems to be due to strong —/ effect of ortho CH, group
alongwith ortho [33—35] and steric strain [31] whereas in 2,3- and 3,5-DMAS may be
due to ortho strain and —/ effect of ortho and meta CH, groups. A linear relationship
has been found between (pK,) [38] values of arylamine and E,. The mechanism of
thermal decomposition reaction of DMAS was also deduced from the non-isothermal
TG data (Table 4) using Satava’s method [21]. The striking point is that the thermal
decomposition of DMAS salts is controlled by phase boundary reactions modelled by
CA and CC. Although the value of £, obtained by non-isothermal method does not
match with that obtained from isothermal methods, the trend is the same.

Conclusions

Proton transfer process seems to be the primary step when sulfate salts were sub-
jected to thermal energy and sulfonation take place forming corresponding
DMABSA. The kinetic parameter for the thermal decomposition of sulfates have
been found to be related to pK, of arylamines. The rate controlling process in the ther-
mal decomposition of DMAS seems to be phase boundary reactions modelled by CA
and CC both during isothermal as well as non-isothermal heating programmes.
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