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ABSTRACT

The machanisms of thermal decompositions have been studied of the following
bismuth(TII) salts: benzoate, salicylate, subbenzoate, subsalicylate, subgaliate,
iodogallate, oxalate, citrate, Na-Bi(IIl) tartrate and tribromophenolate using thermal
and differentizal thermal analyses. Intermediate products of decomposition have been
isolated and identified.

INTRODUCTION

Bismuth(III) compounds have been widely used in medicine. At low con-
centrations they elicit as astringent, anti-inflammatory and antidiarrhoeic action,
whilst at higher concentrations they act as antiseptics. Since 1921, when they were
first used by Sanerac and Levaditi for treatment of syphilis, they have been employed
in the chemotherapy of systemic infections®.

In this work the thermal decompositions of the following bismuth(III)
compounds have been studied: benzoate, subbenzoate (Bismautyl) salicylatz, sub-
salicylate (Bisantol), subgallate (Dermatol), iodogallate (Airol), oxalate, cxtrate

Na-Bi(IIDtartrate (Trepol) and tribromophenolate(Xeroform).

g EXPE.?JMENTAL

Reagents
Bi(IIT)subgallate (according to Polish Pharmacopoeia IV: P.Ph. IV) and the
tribromophenolate (according to the Polish Official Drug Register (USL)) were
- manufactured by the Pharmaceutical Works “Polfa”, Lodz. Bi(IIl)iodcgallate was
supplied by May Baker Ltd., Dagenham, England. The benzoate, salicylate, sub-
benzoate and subsalicylate were obtained by employing the method of Picon?, whilst
the oxalate and the citrate were obtained according to Godfrin3. The Na-Bi(III)-
tartrate was prepared by refluxing a suspension of monosodium tartrate and a
freshly precipitated Bi(OH),, under vigorous sumng, for 50 h. The ¢rude product
was filtered off, washed and dried in vacuo.
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TABLE 2

TG HORIZONTALS, MAXIMA AND RANGES OF DTG AND DTA PEAKS OF

Bi(IlI) COMPOUNDS

Heating rate 5°Cmin— ! in air. s= strong, m= medmm, w = weak; v = very; ¢xo = exothermic;
endo = endothermic. : .

Bi(1IT) Decompn.  Range of Maximum - Range of Maximum Range of
compound stage TG . on DTG the DTG on DTA DrTA
horizontal trace effect trace effect
(&) cOoO O CO) o o
Benzoate I up to 150
B 1 4 380400 290 vw 180-305 —— endo vw 140-290
over 530 312w 305-325 310 endo w 290-330
370 s 325-390 440 exo s 355-535
428 vs 390-465 842 endo vw  830-855
Subbenzoate 1 up to 180
I 210 w 175-290 212 endo vw = 190-240
: 343 w 290-365
m over 495 448 m 365470 388 ex0's 240-435
485 w 470-500 " 445c¢x0s 435-500

760 endo vw = 740-780
850 endo vw  835-870

B up to 140.
n - 200 w 145-240 190 endo w 160-205
. —endo vw  205-240
III over 545 280s 240-560 260 endo w 240-300
380 exom 300-420
500 exo s 420-510
530 exo s 510-600
. 750 endo vw  745-760
845 endo vw  830-855 -
Subsalicylate 1 up to 230 - )
I 265 m 230-270 265¢endo w 230-280
11} over 350 300vs - 270-350 310 exovs 280-390
720 endo vw  695-740
810 endo vw  800-830
Subgaliate I up to 60
I 180 w 60-200 180 endo w 60-200
m 200-240 270 m 230-340 - 300exo vs 200-640
over 630 390 w - 340450 . 770 endo vw  760-780
’ " 865endovw  845-875
Jodogallate - I up to 60 -
I —_ VW 60-260 220 endo vw~  60-250
m 280 m 260420 320 ex0 vs 250-560
v 580-700 540 w 420-630 770 endo vw 600780
over 800 760 w 650-770 820 endo vw  800-830
Oxalate S upto 60 » _ ' ' ,
o ' 120w 80-145 120 endo m 80-170
: : 200 vw - 145-220 210 endo vw - 180-230
111 290-360 - 242 vs. - 220-255 .. 255exos - - 230-32D
415620 260w 255290 395exom = 365435

395w 350420 6710 ecndow  620-690
- - over 610 T
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TABLE 2 (Continued)

Bi(ID) *  -Decompn. ' Range of Maximum  Rangeof - Maximum Range of
compound stage . TG on DTG the DTG onDTA - DTA
oL " horizontal - trace T effeet trace effect
o) o) 0 o) . ¢O)

Citrate = 1 upto80 ) T , _

n L ——vw 90200 140 endo w 90-200

m 300-350 280 vs T 200-282 250 endo w 200-275

over470 287 vs 282-320 300 exos 275-370

—vw 340-470 390exos - 370-500
- ~690 endo vw  650-710:
- 730 endo vw  710-760
Na-Bi(Il)- - - -

I "upto 60 . - -
tartrate n o 135 vw - 60-230 149 endo m 50-220
. 144 " over 700 -265s .. . 230272 250 exo m 220-270
280 ¢ 272300 . 200 exo s 270-430 . _

325 vw 300-345 700 endo vw - . 615710
3715w - 345-390 760 endo m 710-790

s ) : . o —YW 390-700 : :

Tribromo- 1 - -ap to 260 : : -

phenolate 1I over 630 300 w 270-330 300 exo w 260-330
R oo 460 vs 330-520 390 exo w - 330-420
520 vw 520-585 ° - 460cx0os - 420540
680 w - 583-690 680 cndo vw -+ 600690

770 endo W 760-780

Appamtus

The thermal decomposxtxon of the compounds was carried out on an OD-130
denvatograph (MOM, Budapest). Sample specimens {100-750 mg) were heated in
Pt crucibles at a rate of S and 10°C min~! to 950°C. As a reference, L-Al,O; was

employed. The seasitivities of DTA and DTG were 1/10 and 1/15, respectively.
' ‘A semimicro elemental analysis was performed using the method of Kozlowski
etal*.

The Bi,0; content of iodogallate was ‘determined by the Langren method$,
and that of tribromophenolate by the Klissiums method®. In the remaining com-
pounds the oxide content was assayed by the P_Ph. IV method’.

Results of thermal decomposition of the compounds studied are shown in
Tabls 1 and 2 and m ng-,I-S. :

nmm AND DlsaJSSION

Therma.l decomposition of all of the componnds studied occurs in three stages.
At the first stage, there is no loss in weight and no changes of TG, DTG and DTA,
thus: mdxcatmg that the given compound is quite stable. At stage II, water of
crystalhzanon or wan:t of constitution is generally lost. This stage is characterized
- byan cndothermic effect (cf. DTA trace in Figs. 1-5 and Table 2). At thc end of this
‘stagc a small honzonta.l occurs, whose xmportance for analytical purpos&s is rather
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Fig. 1. TG DTG and DTA traces of bismuth(IIl}benzoate, (CsHsCQ0);Bi continuous line and of
bismuth(IIl)subbenzoate, CJI,COOB:(OH);. dashed lme. Hmnng rate 5°C min~ ', sample
weights 300 and 200 mg, respectively.- . S

doubtful. At stage III combustion of organic groups of the compounds takes place.
The heat of combustion overweights that due to liberation of volatile products and
hence the net effect of this stage is exothermic, as shown by the: DTA trace (cf.
Figs. 1-5 and Table 2). The final decomposition products of all the compounds
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Fig- 2. TG, DTG and DTA -traces of bismuth(Il)saticylate, (CsH.(OH)-COO);Bi-0.08 m Bi,O;-
3H,0, continuous line and of bismuth(lIl) subsalicylate, CJL(OH)COOB:(OH)z. dashed line.
Heatmgm:eS'Cmm" plc weights 250 and 100 mg, rspecnvcly i ) B

sl‘.udxed is B1302. A honzonta.l corr&pondmg to this oxxde is expec:ally useful for
analytical ‘purposes. ‘At still higher temperatures, characteristic endothermic DTA
peaks- occur w!nch ‘are . probably due to- polymorplnc transformauons of B1203
(Table2). S A i o R .
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Fig 3. TG, DTG and DTA traces of bismunth(IIll)gallate, HOBi(0);HOCsH.COOH-2H.O0,
continuous line and of bismuth(Il)iodogallate IBi(0);HOC;H,COOH- 2H10 dashed linc. Heating
rate 5°Cmin—?* sample weights 200 and 300 mg, respectively.

“In order to isolate intermediate products, heating of a sample was discontinued
at a proper temperature interval (cf., Table 2) and the residue was analyzed. Mm
results of three determinations are listed in Table 1.

Characteristic features of thermal decomposition of individual compounds.



226

016

oo om0 0 om 00 v v 00 550

\..__qr

O7A

1 1 1
200 €00 V=774

1
800
Jemperatore °C

F'g. 4. TG, DTG and DTA traces of bismuth(Ill)oxalate, (C,0.),Bi.-4H,0, continuous line and of
. bismuth(If)citrate,. [(CH;COO);C(OH)COO]B:-ZHZO dashed lme. Hatmg rate 5°C m.ln‘ 1,
sample weights 300 and 240 mg, respectively.

I- Bx(III)benzoate :

“Stages I'and IH were only’ dxstmgulshed dunng thermal decomposmon of this

salt (cf.. F'g. 1, continuous line). A grey-green intermediate : -product .isolated at
‘siage HI gave no characteristic infrared ‘absorption:bands. Results :of elemental

analyss {C, H, B1203) mduzte that the product provxdes a coked - mndue of the
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Fig. 5. TG, DTG and DTA traces of sodimn—bismuth(lll)taruatc, NaOOC(CHOBiI0),COOBiO-

3H,0, continuous linc and of bismuth(II)jtribromophenolate, (BryCeki;0);BiOH-Bi;03, dashed
lmc. Heating rate 5°C min™ 1 sample wc:ghts 700 and 260 mg, respectively.

molecular formula C,H,0,Bi. A small honzontal due to thxs residue could, however
not be employed for analytJml purpos&s

2. Bz(III)subbenzoate (stmuthyl)

Stage II of the decomposition of this salt cons;sts probably in loss of one

227
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molecule of water of constitution followed by dcmrboxylatxon (cf., Fig. 1, dashed

~AF s ot L dho MTCT sonnn
ullC]- uc uxucu:uuauuu of this ;Lasc is confirmed uy two minima on the DTG trace

and a skight inflection on the TG trace. An intermediate product formed at this stage

s L ST _a_ 3 T am alo Tl Ve e L& ~— al . TE S o

l._l.l Q Ol UC 1HOIAICU U“ll.lg o uic -5 U a. cicarCutc uunwum o e lU tralc.

3. Bi(iilsalicylate -
The presence of a small quantity of Bi,O; in this sal is due to a slo hydrolysis
of ihe salt which occurred during ils preparation {(cf., Fig. 2, continuous line).

The deoomposition of th;s salt follows exactly the pattern observed with

Diocmarede.d D Anclhad licna) Tha NTA tonan fine Dicantal srnn mnnnedad luer D acr~
DiouzuLy: ‘bl-, rlé- Loy QADLUCAL 1111 ). LUV L/ 1M UALL UL DRALIIUL WA 1CLLIULL Uy INCLZY

and Pirisi®. They identified three endothermic DTA peaks over the ranges 40-70°C

= o = 17N 1080 —— 2 e = S DANOLSY L
\d maximoim at w \/}’ LIVUTIO0J o \d maximum at l.lJ \/} 4uu LO\I‘JJU w a

maximum at 320°C), as well as an exothenmc peak over the range 340-500°C.

PRONPNE . Jigh. | P, | e B e

———T 3 __ T S a1
nuwcvcx, ulcac Juisivilyg Wulu mot UC Comnux I iniS WOrK.
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A gravimetric study of Dermatol aimed at cmploying the method for analyzing

19 e L JRppy
g:uuc as:xu m Uau ICP(JII.CLI Uy Uqu..l \th IUUHU U.ldl D12U3 was l.llc l.lIld.l accom-

posmon product of the salt. The oxide was heated to 948°C. Our present study

- 2 Al _ e A __ e a_ atl __ _ & __ __ .3

‘v‘veu e U.CCOIHPOSIUOD OI .IJCX'IDAIOI io occur ln lnl’CC blagCS. lll ine inirarea
spectrum of an intermediate product isolated at stage II, the presence of a carboxyl

s P .. SANN £\

group was shown Dy finding bands due t0 vc—g, Vco and vo i at 1670 (s), 1330 (s)
and 3480 (s) cm™ !, respectively (cf., Fig. 3, continuous line). The decomposition is

£ &m Zeen IS M
C 10 give 0I;U,.

The decomposition of Airol occurs in four stages (cf Fig. 3, dashed line). An

—— . = T P

luua.u:u apcbuum Ul a ISSIUue lDUldtﬂ‘.‘I at magv ll, Uﬂﬂ“@ qu ioa WUGB’I EIUUP
were found. The presence of an iodine atom in the molecule of Airol affects the

ma.:udnnm 0[ mcrmcu (lCLUlﬂpOblﬂOﬂ as comparcu wxm lﬂdl OI ucrmato:. ﬂl Slagc
mn blsmutyl oxide was formed which was not defected during the decomposition of

S TTTS e ¥ o A —__ T AT __ ) 7 p o VPSP

IfT joxalate, Bi(IIl) Jciiraie ana Na-Bi(ililjiariraie (Trepoi)

The decomposmon of these salts (cf., Flg. 4, continuous line, Flg. 4, dashed

unc dn(.l l"lg. D, CODUI]UOUS HDC, ICSPGC(IVCIYJ IOU.OWS a sunuar ;Jauern A ﬂUl'l.LO[lld.l

formed at stage III of the decomposition of the citrate over the range 300-350°C is

CIUB io Iormauon OI a COKCCI. resmue a.na nence lS USCICSS IOI analyucal purposm
With Trepo], the ﬁnal products consu;t of Ble_,, and Na2C03 A

&
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8. Bz(III)tnbromophenoIale (Xzroform) ,

The decomposition of the compound occurs in two stages. Tlus is due to the
presence of bromine atoms which form volatile products with Bi(III). For this reason
the weight of the residue Bi,0, is reduced.

CONCLUSIONS

(1) Results of this study on thermal decomposition of Bi(IIl)compounds used
in medicine showed that thermal analysis can be useful for the determination of the
number of molecules 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 compcunds studied, a horizontal formed
at the first and at the Iast stages of decomposition is only suitable. The remaining
horizontals are of no analytical importance owing to 2 narrow temperature interval
over which they occur or to difficulties in identification of an intermediate compound
formed. .

(3) Raising heating rates from 5 to 10°C min~ ! had no essential influence on
the mechanism of the thermal decomposition. As the heating rates increased, DTA
and DTG peaks as well as horizontals on the TG traces, changed in the manner
reported by Schultze'®.
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