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THE THERMAL DECOMPOSITION OF BISMUTH(IIi) COMPOUNDS 
USED M MEDICINE 

. 

AJiElSAmERRADECKI AND MARJSC wEsozOowsKI 

Initimfe of Ckmik~ry and At&ticr, Medical Ax&my, 80-416 Gknsk (Poihnd) 

(iXazivai 10 Fdxaary 1976) 

The machanisms of thermal decompositions have been studied of the foliowing 
biiuth(IH) salts: benzoate, salicylate, subbenzoate, subsahcylate, subgahate, 
iodogahate, oxalate, citrate, Na-Bi(III) tartrate and tribromophenolate using thermal 
and differential thermal analyses Intermediate products of decomposition have been 
isolated and identikd. 

lHiRODUCI’ION 

Bismuth@) compounds have been widely used in medicine_ At low con- 
centrations they elicit as astringent, anti-jnfiammatory and antidiarrhoeic action, 
whilst at higher concentrations they act as antiseptics_ Since 1921, when they were 
@st used by Sanerac and Levaditi for treatment of syphilis, they have been employed 
in the chemotherapy of systemic infectionsl. 

In this work the thermal decompositions of the folIowing bismuth(iII) 
compounds have been studied: benzoate, subbenzoate (BismutyI) salicyIatz, sub 
salicylate (Bisantor), subgallate (Dermatol), iodogallate (Airol), oxalate, citrate, 
Na-Bi(IH)tartrate (Trepol) and tribromophenolate@eroform)_ 

-AL 

Reagents 

Bi(III)subga&te (according to Polish Ph armacopoeia IV: PPh. IV) and the 
tribromophenolate (according to the Polish Of&&l Drug Register (USL)) were 
manufactured by the Pharmaceutical Works “PoIfa”, Lo& Bi(III)iodegalIate was 
supplied by hiay Baker Ltd., Dagenham, E&&d. The benzoate, salicyfate, sub 
benzoam and subsalicyIate were obtained by employing the method of Picon2, whjlst 
the oxaiate and the citrate were obtained according to GodGn3_ The Na-Bi(IH)- 
tartrate was prepared by refiuxing a suspension of _monosodium tartrate %nd a 
fjteshly precipitated Bi(OH)s, under vigorous stirring, -for 50 h. The ca-ude product 
was 6hered off, washed and dried in vacua. - 

-- __ . 
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TG HORIZONTALS, MAXIMA AND RANGES OF DTG AND DTA PEAKS OF 
Bi(lII) C$MMPOUNDS 
Heating rate 5”Cmin-x in air_ s=strong; m= medium; w=weak; v=very; exo=cxothermic; 
aldo=cndothamic_ 

Bi(ZZz) 
wmyod 

. .- 
Dcwmpn. Range of Maximum R4ngc of Mfuimwn Range of 
stuge TG on DTG xhe DTG on DTA DTA 

koriwntal trace e#iecf &Sect 
Cc) Cc) cc) ET cc) 

WVW 180-305 II 3b-400 
over 530 

-CndOVW 
310 endo w 
440-s 
842mdovw 

14&w 
29cL330 
3x-535 
830-855 

312 w 305-325 
370 s 325-390 
428vs 390-465 

Sub- I 
Ix 

upto 
210 w 175-290 
343w 290-365 
448m 36M70 
485w 470-500 

212 endo vw ML240 

lII ova 495 388 uo s 240435 
445utos 435-500 
760 aldo VW 740-780 
850 end0 VW 835-870 . 

200W 145240 
sdi& I upto 

Ii 

III over 545 

190 endo w 16WZOS 
-endovw 205-240 
26Oendow 2-300 
380exom 30&420 
5oouros 42WSlO 
53oexos 510-600 
75Oakdovw 745-760 
845 endo vw 8334% .- 

280s 240460 

subsalicy1ale I 
Ii 
III 

upto 

over 350 
265m 230-270 
3Wvs 270-350 

265 endo w 
310 exo vs 
720aldovw 
810 endo vw 

23X280 
280-390 
695-740 
800-830 

Jodopllate I 
II 
In 
Iv 

up to 60 

580-700 
OVa800 

HOW 60-200 
270 m 230-340 
39ow 340490 

180 ado w 
3OOuovs 
770 aldo *w 
865endovw 

-VW 60-260 
280m 260-420 
540W 420-630 
760w 650-770 

22oemiovw 60-250 
32ouovs 250-560 
no endo VW 600-780 
82Oeadov+ 80&830 

12Ow 80-14s 
2oovw 145-m 
242 vs 22Oass 
260w 2sfs90 
395w - ~‘35oxm 

OVQ 610 

12Oeudom 
2io aldo yw 
2!sexos 
395-m . 
67ocIldow 

80-170 
18&230 
23h3M 
36-35 
620-690 



citrate .I~. 
~. 

.ug-m ._ 
_- II 9cLm 

III -350 ,z .200-282 
over 470 287vs m-320 

-VW 340-470 

Na-Bicmr_- I 
tanrate Ii 

III 

Tni I 
pkalotate Ii 

. . 

upto 

over700 
I35 VW 
265s 
280s 
325vw 
375 w 
-VW 

upto 
over680 3UOW 

46ovs 

5mvW 

680W 

f50-230 
230-272 
272-300 
300-345 
345-390 
390-700 

270-330 
330-520 
520-585 

. 585+590 

14OUldOW !lcLziM- 
25OUldOW 2.00-275 

3Qe-os 275-370 
39Oexos 37o-5oo 

.-690 endo VW 650-710 
-73Oendovw 710-760 

14ricndom 50-220 
25Ocxom 220-270 
29oexas 27hl30 - 
7OOcndow- 615-710 
760 mdo m 710-790 

3oOww 
39Oelcow 

-46Oaos 
68OCtldOVW~ 
77OCUdovW 

260-330 
330-420 
420-!T40 

.6oo-690 
760-780 

APP~ 
.r@e thermal dtimposition-of the compounds was carried out on an OD-130 

derkatograph (MOM, Budapest). Sample specimens ~100-750 mg) were heated in 
Pt cr+bIes at a rate of 5 and lO*c min- 1 to 950°C. As-a reference, L-Alz03 was 
empIoyed. The s&i&ties of DTA and DT& were I/lO.and_ l/15, respectively. 

A semimicro elemental analysis was performed using the method of Koziowski 
et al.’ . 

.The.Biz03 content of iodogallatewas de&mined by the Langre~~ &thod’, 
and that of triiromophcnolatc by the Klissiums me@d6. In the remaining com- 
pounds the oxide cqn@rk was assa+d by the P9h. IV method’_ 

RcsuIts of thermal decomposition of the compounds studied are shown in 
TabIes 1 and 2 and in FQS, l-5, .- 

l&mal decomposition of ail of the componnds st&ied oaksi~threest&zs. 
At tie-&t stq$z,ihez is no l&s in weight &d no changes of TG, DTG and DTA, 
thti.:i&icating that the given compound is quite stabk At stage II, water of 

; __ -_ _ 
qstab&on or_- of constitntion is genqally loSThis stage is characterized 
by an &dothermic &a% (cf. DTA irace in Figs. 1-S and TabXe 2). At-t& end of this 

-9 a small ho+zontal occurs, whF.iqxr$u?E for +.Iy$caIpurposes is rathc~ . _ _ . . . 
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Fig_l_TG,DTGandDTAtracu.ofbirmnth mate, (CsHsCOO)3Bi conlimous line and of 
b&mthflIi)subbakoatc, ~H&OOBi(OH),. dashed. lint Heating rate 5.X min- ‘. -Pk 
~&~3~~d2@3mg,rrspcctivdy.- : L ..,, -. 

doubtfkl. AtstagelII combustion of organicgroups of the compounds takes place. 
Tfie heat of combustion overwizigbts that&e to l&ration of volatile productSand 
benti the net efkct of this stage -is ~exothennic, as shown by the DTA. txace (cf. 
Figs. I-5 and TabIeI2). .The i&l decomposition prkiucts of all the compounds 
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FZe2~TG. MG and DTA-traces of bismnth~~ (C&L(OH)-COO)~i-0.08 m BLO,- 
3Hz0, continnous line and of bkmur.b(III) shakyW% GH.+(OH)COOBi(OH&. dashed lint 
Heating rate 5-c min- ‘. sampIcwcig@sZSO~and1OOmg,rapa&&y.:. I.’ .- -~ .- :- _ - 

studkd is l3iiOi .- A. hoiizontal conesponding ‘to this oxide is +xpe&lly us&l for 
imalytical prposes~-At still high& temperaftues, &ara&k& endotherm& DTA 
peaks.’ oaxr w&h aie probably. due to ‘@oIyinorpbic tran$~tionS of Bi203 
fl&&52),. .:_ ._ _ ‘_ :-_ -’ ‘^~’ __.. ._.--.. 
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T6 

20 

IO 

60 

817 

Fig- 3. TG DTG and DTA, traces of birmath(IlI)gallatt. HOBi(0)~HO~HzCOOH-2Hz0, 
amtinuous line and of bismutft(H9ioduga!latc JBi(0)zHO~HzCOOH-2Hr0, dashed lint Heating 
rate 5-c mill- 1, sampIe weights XKI and 300 mg, respectiveIp 

Iti order to isoIate intermediate products, heating of a sample was discontinued 
at a proper temperature interval (cf., TabIe 2) and the residue was analyzd. Mean 
results of three determinations are listed in Table 1. 

characteristic fm of thermal decomposition of individual compounds: 
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FigA; TG, DTG and DTA tracesof bismnth(IIl)oxaiatc, (~O&Bi,-4H,O, continuous line and of 
bh&@l’)citrate, [(CH,cOO),c(OH)~~ioolBi-2y,o, dashed line Heating rate 5°C tin-‘. 
sa&e w-eights 300 and 24Omg, rcspcaivdy. _ 

I_ Bi@iT)benw&e - 
.- -Stages I an& III s&e only’distingnished during thermal decomposition of this 

salt. (CL Fig. -i, co~tinuons line).~ A grey-green- intermediate .prod&t CisqIated tit 
stage III gave no charzcteristic infrared .absor#ion ,b&ds; JZesnIts::of_ elemental 
analyses :(C; H, Bi&Q indicate thaw the product proyide a $oked xesidue.. of-the 
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D7A 

7% 

20 

40 

60 

80 

Fig. 5. TG, DTG and DTA traces of sodkn-birmuth(I?l)tartrate, NaOOC(CHOBiO)lCOOBiO- 
3HzO. continuous Iinc and of bismuth@lI)triiromophcnoIatc, (Br&H~O)zBiOH-Bi~O~, dashed 
line. Heating rate 5-C min-l, -pIi weights 700 and 2C;r mg, respectivcIy_ 

mokcular formula C,H,O,Bi_ A small ho&on&l due to this residue could, however, 
n&t be empIoyed fdr analytical purposeS_ 

2,‘ Bi@V)subb&wate (.&n&y~ 
Stage II of the decomposition of this salt cohsists probably in loss of one 
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moIecule of water of comtitution followed by de&boxy&ion (cf., Fig. 1, dashed 
he). The diikentiation of this stage is coniirmed by two minima on the DTG trace 
and a slight ix&&on on the TG trace. An intermediate product formed at this stage 
coufd not be isolated owing to the lack of a clear-cut horizontal on the TG trace. 

3. ~(ZZZ)5aZz.q&zfe 

The presence of a small quantity of Bi,O, in this salt is due to a slow hydrolysis 

of the SaIt which oazrred during its preparation (cf.. Fig. 2, continuous line). 

4. Bi(M)subsaIicy?~e (Bihntol) 
The decomposition of this salt follows exactKy the pattern observed with 

Bismutyl (cf., Fig. 2, dashed line). The DTA trace for Bisantol was recorded by Renzo 
and Pi&i*. They identifkd three endothermic DTA peaks over the rangzs 4%70°C 

(a maximum at 66”C), 170-185°C (a maximum at 175°C) and 28oL33O”C (a 
maximum at 32O”C), as well as an exothermic peak over the range 340-500°C. 
However, these find&r could not be confirmed in this work. 

A gravimetric study of Dermatol aimed at employing the method-for analyzing 
g@ic acid has been mported by Duva19 who found that Bi,Os was the l%nal decom- 
position product of the salt. The oxide was heated to 948°C. Our present study 
showed the decomposition of Dermatol to occur in three stages. In the i 
spectmm of an intermediate product isoIated at stage II, the presence of a carboxy 
group was shown by 8uding bands due to vcEo, v,, and v,, at I670 (s), 1330 (s) 
aud 3480 (s) cm-l, respectively (cf,, Fig. 3, continuous Iine). The decomposition is 
termmaW at about 630°C to give B&O,. 

6. Bi(Z7I)id~date (Airol) 

The decomposition of Air01 occurs in four stages (cf., Fig. 3, dashed line). An 
infrared spec&um of a residue isolated at stage II, bands due to a carboxy group 
were found. The presence of an iodine atom in the molecule of Air01 a&cts the 
mechanism of thermal decomposition as compared with that of Dermatol. At stage 
III bismuty1 oxide was formed which was not defected during the decomposition of 
-01. 

7. B.(ZlQox&zle, Bi(ZZi?)&itrore rmd iVa-Bi(lll)tartrate (Trepol) 

The decomposition _of these salts (cf., Fig. 4, continu&s line, Fig. 4, dashed 
line and Fig. 5, continuous line, respectively) follows a similar qattem. A horizontal 
formed at stage III of the decomposition of the citrate over the range 300-350°C is 
due to formation of a coked residue and hen& ti useless for analytical purpose& 
with Trepol, the fmal products consist of B&O, and I’$CO,. 

. 
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8. Bi(ZI..tri&romophenokte (Xzrofoonn) 
The decomposition of the compound occurs in two stages. This is due to the 

presence of bromine atoms which form volatiie products with Bi(III). For this reason 
the weight of the residue I&O3 is reduced_ 

(1) Resuhs of this study on thermal decomposition of Bi(III)compounds 
in medicine showed that thermal analysis can be useful for the determination of the 
number of molecuks of water bound, for detecting contamination with starting 
reagents and for the control of the agreement of declared composition of a compound 
with pharmacopoeial standards. 

(2) The knowledge of heating curves is useful for gravimetric analysis of a 
compound. For quantitative analysis of the compcnnds studied, a horizontal formed 
at the fkst and at the last stages of decomposition is only suitable, The remaining 
horizontals are of no analytical importance owing to a narrow temperature interval 
over which they occur or to di.EcuIties in identification of an intermediate compound 
formed- 

(3) Raising heating rates from 5 to 10°C min-’ had no essential infiuence on 
the mechankm of the thermal decomposition. As the hating rates incxased, DTA 
and DTG peaks as well as horizontals on the TG traces, changed in the manner 
reported by Schultze’*. 
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