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AB!CIRACl- 

The cobaIt(I1) salts of some alkanemono- and disulfonic acids have been pre- 
pared; a11 are new and most of them crystallized with six moIecuIes of water_ Their 
behaviour under heating has been studied by thermogravimetric analysis (TG) and 
differential therm4 analysis (DTA). Most of them lose their water in several steps and 

some anhydrous saits meIt; the decomposition begins at a temperature which depends 
upon the structure of the organic anion and it leads to residues, the composition of 
which depends on the surrounding atmosphere. 

IXlRODUCI-lON 

The alkanesulfonic acids and their organic derivatives have been extensively 

investigated. On the other hand, few metallic saIts are known. The works that have 
been published are concerned with the identification of some hydrated saIts of barium, 
sodium, copper or lead r , infrared spectrum studies of lithium and sodium methane- 
disulfonates’ and research on the structure of potassium met.hanedisuIfonate and 
sodium longchain aIkanesuIfonates 3-s But no investigation has been made con- _ 

cerning thermal dehydration and decomposition reactions. Thus it seemed interesting 
to study the thermal stability of some aIkanesuIfonates. A number of our investigations 
on the sulfocates of copper, manganese, lithium, sodium, potassium and calcium have 
been pubIished6-9. In the present investigation the thermal dehydration and decompo- 
sition reactions of some alkanemono- and disulfonates of cobalt were further icvesti- 

gated by therrnogravimetric analysis (TG) and differentia1 thermal analysis-(DTA). 
After the complete decomposition the sDIid residues were identified by radiocrystallo- 
graphic anatysis and chemical analysis 

AI1 the compounds investigated were prepared in the laboratory. The acids are 
R-S03H and HSO,-R’-SO,H (R is C,H,,_, and R’ is (CH,), with I d II d 5); the 
methods of preparation and purification have been published previously’. The salts 
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were obtained from met&be&s between the barium alkanesulfonates and cobalt(H) 
sulfate sofutions, as follows: 

Ba(RSO,), -+ C-&O, -+ Bdx3,f. f Co(RSO,), 

B~S~~~C~~)~SG~~ f CoSO, -+ BaSOJ. + CofS03(CH2),S03] 

The cobalt salts are highly solubfe. The soIutions were stowIy evaporated down 
at So%?+, and then kept at 3°C whereby the s&s crystaIIized. 

The compounds were analyzed for cobalt content by an efectrofytic method as 
described previously lo and for sulfur content by residue analysis (as BaSO,), using a 
_mvimetric method (the sutfonate reacted with Rra& in an IKA bomb, giving 
sulfate ions which were precipitated by B&I,). Coordinated water was determined by 
drying in an oven (set at 120°C or 150°C) and the results conformed with the mass- 
loss on the thermo-balance 

The thermo_~vimetric studies were carried out using an Adamel-Chevenard 
tbermobalance with graphical recording. A Pt-PtRh 10% thermocouple placed under 
the sample-holder was used. The sampfes ranged in mass from 100 to 300 mg and the 
heating rate was 2, 3 or 5’C,‘min. A dynamic atmosphere of either dry air or dry 
nitro_een was empIoyed. 

Di#iwmtid thermal unulysis 

A uBureau de Liaison” (C. M azieres type) apparatus was used. It has been 
described previousIy by Harmehn ” The curves AT = f(T) were plotted on s _ 
SEERA%! recorder of the X-Y Luxytrace type after amplification of the differential 
temprmture by an Amphspo? AGT SEFRAM (IO FVjcrn that is &25”C/cm). Samples 
of 2-S mg were used and a heating rate of 2 or 5”Cfmin was employed. 

The residues formed after complete decomposition were studied by powder 
radiocrystaIfo_erpby. The patterns were obtained using a Philips photographic camera 
(I 14-6 mm in diameter), the cobalt Kcr line (Philips generator PW 1320) and the 
Straumanis mounting technique. Alumininm was used as standard. 

TabIe 1 lists the hydrated salts obtained as described above, AII are new- n is 
the number of coordinated water mofecntes. 

TG resldis 
A. Deh_tidrarikm reuctiom 
Most of *he TG cult-es in a dry air atmosphere show some mass losses and thus 

reveal the formation of intermediate hydrates. But both. the salts Co(SO,CI-l,SO,)- 
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5Hz0 and Co[S03(CH2)~S03f-4H=O lost their water mokcuks in one step to form 

tk anhydrous compou~Is. 
In TabIe 2 the intermediate hydrates obtained from the other salts are shown. 

As exampies the TG curves of Co(CH,S03j2-7Hz0 and CO[C&~CH(CH~)SO~]~- 
6H20 are illustrated in Fig. 1. The temperatures at which the mass Iosses began to 
occur were aiways lower than 90°C (for a heating rate of 5’C:min). 

SALTS PREPARED 
(n = numixr of ~a.tcr molecules) 

GHs 
CH3 i -hi 

CH3 / 
6 CHz 5 

CH3CHz 6 CHKHr)o 6 tCH& 6 

GHi\. 
CHKHA 6 )CH 6 CfW3 6 

CH3 ’ 
(CHdzCH 

6” 
(CzHdzCH 6 tCHz).c 4 

(CH&CHCHz (CH&~H(CH& & (C&j, 6 

TABLE 2 

IFi-ER,MEDIATE HYDRATES ISOLATED BY l-G STUDY 

Co! RSOJ)~ Internrcdiafe 
hy&ures 

R=CH, 5-2 
CH&Hz 2 

CHACHzL 2 

W-LkCH 4-2 
CHj(CH:)3 2 
(CHJ)2CHCHz 2 
Cd% 

\CH 
CHS / 

4-2-I 

R = CH3fCH& 4-2 
Cd4 

YCH 
CH3 / 

4 

(Cz&)KH 4 
(CHdrCHO-Wz 2 

R’= (CH& 4-2 
WW3 4-2 

W-MS 2 

In most cases the 2-hydrate is an intermediate componnd. Butane-2-sulfonatc 
is interesting because it was the only compound that Iost its six water molecules in 
four steps to form the 4, 2-, and I-hydrates; only in the case of this salt could we 
isolate the I-hydrate. in each case the final product was the anhydrous sah. 



23. ~eco~~os~f~o~ reucrions 

The temperatures it which d~omposjtion started to occur were d~te~ined 
with a he;iting rate of 3 “C_‘min for each anhydrous compound. The results of investi- 
@ions in a dry air atmosphere are presented in Fi,. _. * 3 The temperatures were about 
30” higher in a dry nitrosen atmosphere. 

. 

a+ 

Fig 2, Temperature at which decomposition st3rts (dry air: 3 ‘Cjmin). a: propanc+suIfonatc: 
b: butane-?-suifonate; c: penrsnt-,-s =T ulifonate; d: pcnt;Jnc-3-sulfonare; e: 3-methy~bu~~e-~-su~~o~a~e. 
n - number of carbon acorns. 

The decomposition of the monosulfonates with a “straight chain” and of the 
disuffonates be_ean at a temperature higher than 300°C Most of the monosulfonates 
u&h a ~bnnched chain” decomposed at a temperature lower than those of the 
corresponding isomers with a “straigfit chain”. 

The nature of the final products after complete decomposition depends on the 
surrounding atmosphere. The residues were sfowly cooled under this atmosphere 
bef xe their composition was studied. 
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(a) In a dry air atmosphere the residues were in each case mixtures of often well 
crystallized cobalt oxides (Co0 and 20,0,) and cobalt sulfate. 

(b) in a dry nitrogen atmosphere the results obtained are more complex_ The 
res;dues contained neither oxides nor sulfate but sulfides (with much more carbon- 
ac~ous particles than in air); thus these residues were subjected to action by acids in 
the hot with evolution of hydrogen sulfide. The X ray patterns showed that the nature 

of the sulfides and their crystallization states seemed to depend on the ratio C;‘S, C 
and S being respectively the numbers of carbon and sulphur atoms in each sulfonate. 
(Note that in ail the suifonates studied here, S is equal to 2 and the ratio CoiS io 0.5.) 

Wh,-n the sulfide could be well identified, we thought that it was the non- 
stoechiometric compound Co,S, previously described by Lundqvist and Westgren’ ’ 

rather than one of the other non-stoechiometric sulfides Co,S, ’ 3 and Co& i’ (cubic 
form), the interplanar spacings of which are close to those of Co&& _ 

In TabIe 3 some characteristic lines of these compounds are compared, which 
explains our choice of Co,Ss _ As example the well crystallized residue obtained from 
the decomposition of Co(CH,SO,)z (with CiS = I) was selected. 

TABLE 3 

COMPARISON BE-IX’EEN SOME INTERPLANAR SPACI5CiS 
Residue from the pyrolysis of Co mcthxxsuifona!c. 

3.453 (W 3.48 (30) 3.52 (25) no line 

2.974 (vsj 2.97 (loo) 3.00 (SW 2.99 (70) 
2.551 (s) 2.55 (60) 2.57 (60) 2.57 (60) 
I-905 (s or m) 1.91 i60) 1.91 (601 1.91 (70) 
1.575 (VW) 1.57 (20) no tine no iine 
1.749 M) 1.75 (100) I-76 (loo) l-76 (loo) 

vs = very strong; s = strong; m = medium; w = a-e&; VW = very weak. 

The sulfonates for which the C;S ratio was equal to 0.5, I, I .5, 2 or 25, led to 
residues containing Co&, _ Thus this sulfide was highly crystalIized (narrow lines) 
when C$S = I_ When the C$ ratio became greater than 2.5, the X ray patterns of the 
imperfectly crystallized residues could not be interpreted because the lines did not 
correspond with those of previously known sulfides I ‘_ For example, in the case when 
C/S was equal to 5, the interplanar spacings corresponding to the strongest lines were 
as follows (listed with decreasing intensities): 1.750 a; 3.104A; 2.815 A; 1.905 A. 
The first and fourth values are the only ones which are in line with those of Co&,. 

In any case, whatever the value of the ratio C’S may be, there were in the patterns 
some non-explained lines which corresponded with the interplanar spacings as follows: 
3.29 A (weak); 3.14-3.15 Bi (weak); 2.57-2.58 A (medium); 1.93-I.94 8( (medium). 



The t\vo last values would perhaps correspond to the strongest lines of Co& hexa- 
gonal form’s_ On the other hand it is possible that non-stoechiometric sulfides 
Co, -3 are formed16_ 

Thus, it appears that the X ray patterns of residues that are obtained from the 

pyrolysis of cobaIt aIkanesuIfonates in a dry nitrogen atmosphere cannot be compIeteIy 
explained- 

In a non-oxidizing atmosphere the pyrolysis of cobaIt(I1) alkanesuIfonates leads 
to sulfide residues_ It seems that suifate and oxides which are formed in an air atmos- 

phere proceed from an oxidation. A study of the thermoIysis of copper(I1) alkane- 
suIfonate@, manganese alkanesulfonates’ and nickel(U) alkanesuifonates (non- 

pubIished work) Ied to the same results; but in the cases of copper and nickei salts 
the residue contained the meta (we11 crystaIIized) besides the sulfides. 

The mechanism of these decomposition reactions seems hard to explain. Cer- 

tainly some bondbreakings occur, such as metal-oxygen in the “molecule” (as for 
some carboxylates of transition metals) and carbon-suifur and sulfur-oxygen in the 

aIkanesuIfonate anions. Further work is in progress to determine the gaseous com- 
pounds resulting from the pyrolysis and to study the residual products after decom- 

position under vacuum_ 

The DTA results confiml those obtained by TG_ Thus the DTA curves shaw 
first several endothermic peaks the number of which equals that of the mass losses 
obsel?;ed on the corresponding TG curves_ AI1 the peaks of the dehydration reactions 
were irre\-ersible. After these peaks another endothermic peak was observed for some 
compounds and it corresponded to 3 melting of anhydrous saIt. At the t-me of the 

decomposition, several exothermic peaks occurred in an air atmosphere, but there was 
only one large endothermic peak .mder .iry nitrogen. The exothermic peaks can be 

esplained by an osidation of gases 2nd soIid residues. 

TABLE 4 

?.lELTIXG POIXTS OF SOXIE COBXLT XLKXNE~.l@SOSLiLPHOS.4TES 

Sfurr of IIIE dt-composifiun 

(see Fig_ -7) 

Co[(CH,)zCHSWz 

Car 

CzH 

L 

\ 

CHS / 1 2 
CHS03 

C3f-I 

C 

f 
CHs / 1 = 

;\ CHS03 

Co[(CZH&CHSO,]= 
C~[(CH~)~CH(CHI):SO~I= 

230 2so a 

219 250 b 

131 235c 

227 255 d 
243 335 e 
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Five compounds with a “branched chain“ melted. The melting Taints were 
measured in dry air atmosphere under ordinary pressure and they are listed in Table 4. 
There was no mass loss at these temperatures in the corresponding TG cumes. For 
these salts it appears clear that the decomposition occurs after melting. In contrast, 

the monosulfonates with a “straight chain n and the z,w-disulfonates decomposed 

before melting. 

Fig. 3. D-l-A curves of Co(CH,SO,,)z- i’H:0 (A?. and Co[C2Z-15CH(CH&50J~- 6H20 (B’). Dv air; 
2 ‘C:min. 

As examples the DTA curves for Co(CH,SO,), - 7Hz0 and Co[C2H,CH(CH,,- 
SO& -6H,O are illustrated in Fig. 3 (the peaks of decomposition are not shown). 
The three endothermic peaks in the curve for Co(CH,SO,), -7H,O correspond to the 
Ioss of two, three and two water molecules at about 50°C 80°C and 17OC respec- 
tively_ For Co[C2H&H(CH~)SOs]t -6H,Ofour peaks cant Iearly be seen for the loss 
of the hydrated water (there were four mass Iosses in the TG tune, Fig. I) correspond- 

ing to the intermediate hydrates listed in Table 2. At about 22O’C the curve reveals an 
endothermic peak reversibIe on cooiing, and this reaction corresponds to the phase 

transition solid + liquid. 

COXCLw=!3N 

This work makes a smail contribution to the know--ledge of the hitherto unknown 
physico-chemical propenies of the cobalt alkanesulfonates. Much investigation must 
stili be undertaken_ Thus it would, for example, be interesting to study the effects of 
the presence of water vapor on the dehydration reactions, to determine the heats of 
dehydration and phase transition solid -+ Iiquid reactions and to find out by magneto- 

chemical means how the cobalt(II) ions are coordinated. Comparisons could in par- 

ticular be made between the properties of cobaIt(I1) methanesuifonate and those of 

cobalt(II) acetate previously studied by Wendiandt and felIow workers”_ 
It is our intention to determine the crystal lattices of some of the salts that we 

have presented in this paper. 
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