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The thermal decompositions of quaternary systems comprising salicylic acid, sodium 
salicylate, disodium salicylate sesquihydrate, sodium carbonate and sodium hydrogen 
carbonate were investigated using thermogravimetry and differential thermal analysis. 
A possibility was shown of analyzing quaternary systems comprising three or four 
interacting components. Use can be made of the results of these !nvestigations in the 
control of the course and degree of conversion of reagents in commercial-scale pro- 
duction of sodium salicylate as well as in checking the declared compositions, hydra- 
tion degrees and contamination with starting reagents of multicomponent salicylate 
mixtures. 

This work comprises a continuation of  our studies on the control of  the course 
and degree of  conversion reagents in the commercial-scale production of  sodium 
salicylate [1 ], as well as in checking the declared compositions of  multicomponent 
salicylate mixtures, their hydration degrees and contamination with starting 
reagents, 

Results of  the preceding studies revealed the possibility of  employing the thermo- 
gravimetric method for studying binary systems composed of  non-interacting 
components or interacting ones. Further, it has been found that there is a possibil- 
ity of  analyzing ternary systems comprising two interacting components by elimi- 
nating one of them owing to reactions occurring at elevated temperature, lhere- 
by leaving a binary system [2]. A possibility of  analyzing ternary systems compris- 
ing three interacting components has been suggested as well. In these systems a 
new component is formed, which replaces one of the components to form a system 
of  three non-interacting ones. Ternary systems involving components which do 
not react with each other at elevated temperature have also been considered [3 ], 

In the present work quaternary systems have been investigated comprising 
three or four interacting components. 

* Part II: J. Thermal Anal., l0 (1976) 233. 
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Experimental 

Reagents 

The results used were the same as in the preceding works [2, 3]. 

Apparatus 

The thermal analysis of the quaternary systems was performed on an OD-130 
Paulik - Paulik-Erdey (MOM, Budapest) derivatograph [4] in air, usingplatinum 
crucibles. Powdered components were intimately mixed together in the ratios 
specified in Tables 1-3 ,  and the sample weight was 200 rag. The heating rate 
was 5~ up to the final temperature of 500 ~ Alumina (~-A1203) was employed 
as reference material. 

Results and discussion 

The results are listed in Tables 1 and 2 and presented in Figs 1 - 5. The thermal 
decompositions of the quaternary systems studied can be characterized by the 
following equations: 

(1) sublimation of salicylic acid, C6H4(OH)COOH "~ 
(2) 2 NaHCOa ~ Na2COa + CO2 + HzO 
(3) C6H~(OH)COOH + NaHCO3 ~ C6H~(OH)COONa + COz + H~O 
(4) 2 C6H4(OH)COONa ~ QH~(ONa)COONa + C6H4(OH)COOH 

(sublimation) 
(5) 2 C6Ha(ONa)COONa ~ N%CO3 + volatile products (CO, CO2, H20) 
(6) C6H4(ONa)COONa + C6H~(OH)COOH ~ 2 C6H~(OH)COONa 
(7) 2 C6H4(OH)COOH + N%COa --, 2 C6H~(OH)COONa + CO2 + H20 
(8) C6H4(ONa)COONa " 1.5 HzO ~ C6I-I~(ONa)COONa �9 0.5 HzO + H20 
(9) C6H~(ONa)COONa " 0.5 HzO + C6H4(OH)COOH 

2 C6H4(OH)COONa + 0.5 H20 
(10) 4 C~H~(ONa)COONa �9 0.5 H20 --+ 2 C6H4(ONa)COONa + 2 Na2COa + 

C6H~(OH)COOH $ (sublimation) + volatile products (CO, COz, H20) 
(11) 2 C6H4(ONa)COONa + 2Na2CO3 ~ 4 Na2CO3 + volatile products 

(CO, CO 2, H20) 

The above reactions were interpreted in the preceding works [2, 3]. The experi- 
mental evidence presented in Tables 1 and 2 and in Figs 1 - 5 reveals a correlation 
between the content of a component in a quaternary system and the course of its 
thermal decomposition. The decomposition has been shown to be largely affected 
by reactions (3), (7) and (9). For example, owing to reaction (7), component (A) 
was completely consumed in system IVe, component (B) in systems Ib, c, d, 
lib, c, d, IIIb, c, d0 e, f, IVb, c, d, and Vb, c, d, and component (C) in systems 
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Fig. 1. Thermal decomposition of a system comprising sodium salicylate, salicylic acid, 
sodium carbonate and sodium hydrogen carbonate (system I). Weight loss as a function 
of temperature (1) and composition (2). Volatile products are liberated in reactions (7) and 
(3). The decomposition of sodium hydrogen carbonate, which reacted incompletely in reac- 
tion (3), occurs as shown by Eqn (2). The decomposition of sodium salicylate obeys Eqns 

(4) and (5). (*) a stoichiometric point of reactions (3) and (7) 
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Fig. 2. Thermal decomposition of a system comprising sodium salicylate, salicylic acid, 
sodium carbonate and disodium salicylate sesquihydrate (system II). Weight loss as a func- 
tion of temperature (1) and composition (2). Water is liberated in reaction (9), and volatile 
products in reaction (7). Sublimation of salicylic acid, which reacted incompletely in reac- 
tions (7) and (9), occurs as at point (1). The decomposition of disodium salicylate sesqui- 
hydrate, which reacted incompletely in reaction (9), occurs as shown by Eqns (8), (10) and 
(11). (*) a stoichiometric point of reactions (7) and (9). The decomposition of sodium sali- 

cylate obeys Eqns (4) and (5) 
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Fig. 3. Thermal decomposition of a system comprising sodium hydrogen carbonate, salicylic 
acid, disodium salicylate sesquihydrate and sodium carbonate (system III). Weight loss as 
a function of temperature (1) and composition (2). Volatile products are liberated in reac- 
tion (7). The decomposition of disodium salicylate sesquihydrate occurs as shown by Eqns 
(8), (10) and (11), and that of sodium hydrogen carbonate as in Eqn (2). The decomposition 

of sodium salicylate obeys Eqns (4) and (5) 
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Fig. 4. Thermal decomposition of a system comprising sodium carbonate, salicylic acid, 
disodium salicylate sesquihydrate and sodium hydrogen carbonate (system IV). Weight loss 
as a function of temperature (1) and composition (2). Volatile products are liberated in reac- 
tions (7) and (3). The decomposition of sodium hydrogen carbonate, which reacted incom- 
pletely in reaction (3), occurs as shown by Eqn (2). The decomposition of disodium salicylate 
sesquihydrate obeys Eqns (8), (10) and (11). (*) a stoichiometric point of reactions (7) and 

(3). The decomposition of sodium salicylate obeys Eqns (4) and (5) 
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Ie, IIe and Ve. In reaction (3), component (B) was completely consumed in systems 
If and IVf, whilst in reactions (3) and (7) the same component was completely 
consumed in systems Ie and IVe. In reaction (9) component (D) was completely 
consumed in systems IIf and Vf, whilst in reactions (7) and (9) component (B) 

TO ~-==:--z=-=:-----t.-~----_--~z-T_-:-:-z_~_--_=_=-----_-~~-..~a..,c - - - - - - -  _ _ e l  ,yq (~9) He0 [ 

20 

~ - -  a t i o n  

zo - -  d . . . . . . . .  - - - - ~  = : =------- - 

. . . . . . . . . . . . . .  . . . . . . . . . .  

8o 1 I I I I a I b I r I d r �9 - 

0 100 200 300 Z, O0 50 40 30 20 I0 0 (A) 
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Fig. 5. Thermal decomposition of a system comprising sodium hydrogen carbonate, sali- 
cylic acid, sodium carbonate and disodium salicylate sesquihydrate (system V). Weight loss 
as a function of temperature (i) and composition (2). Water is liberated in reaction (9) and 
volatile products in reaction (7). Sublimation of salicylic acid, which reacted incompletely 
in reactions (7) and (9), occurs as at point (1). The decomposition of disodium salicylate 
sesquihydrate, which reacted incompletely in reaction (9), occurs as shown by Eqns (8), 
(10) and (11). The decomposition of sodium hydrogen carbonate obeys Eqn (2). (*) a stoichio- 
metric point of reactions (7) and (9). The decomposition of sodium salicylate obeys Eqns 

(4) and (5) 

" '  l o'I. 
SLlstem ii [.3] ~ ! ~  Sgstem Vl, [3] Stastern , [3] I 0" / '  (B) fi0"/, 

Sgstem IV Sgstem V [2] 
Sgstern 111 SgstemEV [3] %%~'! 

St.]stem Vl[3] A non studied I 0%(D)50.0.0"I, l 

�9 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  ~ . _ ~ . - '  

Fig. 6. l schematic diagram of binary, ternary and quaternary systems where (A), (B), 
(C) and (D) stand for sodium hydrogen carbonate, salicylic acid, sodium carbonate and 

disodium salicylate sesquilaydrate, respectively 
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Table 1 

Results of thermogravimetric investigations of quaternary systems I and II 

No. 

II 

System 

(A) Sodium salicylate 

(B) Salicylic acid 

(C) Na2COa 
(D) NaHCO3 

(A) Sodium salicylate 

(B) Salicylic acid 

(C) Na~COa 
(D) Disodium salicylate 

�9 1.5H20 

De- 
eomp. Temp. range, ~ Residue in the crucible 
stage 

2~ 

3. 

4. 

5. 

1. 

2. 

3. 

80-- 110 
80--120" 

110-- 140 

120-- 140 
140-170"* 
220--240 

240--460 

60-- 90 

90--130 

100-- 180 

210--240 
220--240* 
230--260** 
240--450 

C6H,(OH)COOH 
[C6H4(OH)COO]Na 
Na2CO3, NaHCO3 
[C6H4(OH) COOINa 
NaCO3, NaHCO3 
[CsH~(OH)COOJNa 
Na~CO3 
[C6H4(O)COO ]Na2 
Na~CO3 
Na_~COa 

C6H4(OH)COOH 
[C~H4(O)COO]Na~ �9 0.5HeO 
[C6H4(OH)COO]Na 
Na2CO~ 
C~H4(OH)COOH 
[C~H4(O)COO]Na2 " 0.5H~O 
[C~,HdOH)COO lNa 
Na~CO3 
[C~H4(O)COO]Na2 �9 0.5H~O 
[C~HdOH)COOINa 
Na~CO 3 
[C6H4(O) COO]Na2 
Na2CO a 

Na2CO3 

4. 

* decomposition point[of systems Id and IIa 
** decomposition point of systems Ie, f and IIf 

was completely consumed in systems IIe and Ve. These reactions have been 
shown to eliminate completely one or two components, mostly salicylic acid, 
sodium carbonate and disodium saIicylate sesquihydrate. In place of  the eliminated 
component sodium salicylate appeared. Its decomposition, depicted by Eqns (4) 
and (5), affected the decomposition pattern of  the systems studied. 

J. Thermal Anal. 11, 1977 
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comprising three interacting components 

Composition of the systems 

(A a ) 50 b d f 40 ;0 leO 0 2O 
(B) 0 10 20 30 40 50 
(C) 50 40 30 20 10 0 
(D) 0 10 20 30 40 50 

Percentage weight loss of the crucible content 

F. C. F. C. C. 

0.0 

0.0 

0.0 

21.0 

33.0 

0.0 

21.0 

33.0 

0.0 

0.0 

0.0 

21.6 

33.5 

0.0 

0.0 0.0 

0.0 

21.6 

33.5 

2.3 2.3 

2.3 2.3 

6.5 5.9 

28.0 28.2 

40.0 40.5 

1.0 0.9 

3.5 3.1 

3,5 3.1 

27.5 27.7 

42.0 41.7 

t 
F. 1 C. F. 

5.0 4.5 7.5 

5.0 4.5 7.5 

12.0 11.9 18.0 

6.0 6 . 2  9.0 

3111 i ]oli 
49.0 49.9 58.0 

C. F. 

6.7 6.5 

6.7 16.5 

17.8 28.0 

41.5 48.0 

9.3 

9.3 

39.9 

58.2 

5.9 

12.1 

23.3 

48.1 

61.5 

4.4 

12.0 10.2 

12.0 10.2 

46.0 45.6 

66.0 66.4 

F. -- found, C. -- calculated 

F. C, 

0.0 0.0 

23,5 22.5 

34.0 29.7 

55.O 54.7 

68.5 68.5 

9.0 6.5 

9.0 6.5 

23.5 23.4 

57.0 56.5 

75.0 74.7 

Conclusion 

1. Results of  invest igat ion of  the thermal  decomposi t ions of  quaternary  systems 
( I - V )  compris ing salicylic acid, sodium salicylate, d isodium salicylate sesqui- 
hydrate,  sodium carbonate  and  sodium hydrogen carbonate,  support  conclusions 
drawn in preceding works [2, 3]. 

J. Thermal Anal, 11, 1977 
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Table 2 

Results of thermogravimetric investigations of quaternary systems I I I - -V 

II1 

IV 

No. System 
De- 

comp. Temp. range, ~ 
Stage 

Residue in the crucible 

(A) NaHCOz 

(B) Salicylic acid 

(C) Disodium salicylate 
�9 1.5H~O 

(D) N~COz 

1. 

2. 

3. 

4, 

5. 

(A) Na2CO3 1. 

(B) Salicylic acid 

(C) Disodium salicylate 
�9 1.5H20 

(D) NaHCO~ 

2. 

3. 

4. 

6. 

60-- 80 
60-- 90* 

80-- 100 

110-- 150 

220--250 
210--240" 
250--440 
240--440* 
250--470** 

60-- 90 

90-- 130 
90--140" 

140--170 
110-- 140"* 

140-- 160 
170--200 
140-- 170"* 
220--250 
220--240** 
210--240"** 
250--420 
240--460** 
240--420*** 

[C6H4(O)COO]Na~ �9 0.5H20 
C~H4(OH)COOH 
Na2CO3, NaHCO 3 
[C6H4(O)COO]Na2 �9 0.SHOO 
[C6H~(OH)COO]Na 
NazCO3, NaHCO3 
[C,Ha(O)COO]Na2 �9 0.5H20 
[C6H4(OH)COO ]Na 
Na2CO3 
[C6H4(O)COO]Na2 
Na2CO3 
Na~CO8 

[C6H4(O)COO]Na2 �9 0.5H20 
C~H4(OH)COOH 
Na2COa, NaHCO8 
[C~H4(O)COO]Na~ �9 0.5H~O 
C~H4(OH) COOH 
C6H4(OH)COO ]Na 
Na2COa, NaHCOs 
[C6H,(O)COO]Na2 �9 0.5HzO 
[C6H4(OH)COO]Na 
Na~COa, NaHCO8 
[C6H,(O)COO]Na 2 �9 0.5H20 
[C6H4(OH)COO]Na 
Na~CO~ 
[CGHa(O)COO]Na~ 
Na2CO3 

Na~CO3 

,L Thermal Anal. 11, 1977 
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Table 2 

V 

No. System 

(A) NaHCOa 

(B) Salicylic acid 

(C) Na2C0~ 

(D) Disodium salicylate 
�9 1.5H20 

De- 
comp. 
stage 

2. 

3, 

4. 

Temp. range, ~ 

60-- 90 

90--130 

140--180 
140-- 160" 
100--150"** 

100--180 

210--240 
230--260** 
240--450 
260--460** 

Residue in the crucible 

[CGH4(O)COO]Nae �9 0.5H20 
CoH~(OH)COOH 
[C~HdOH)COO]Na 
Na~CO~, NaHCO 3 
[C6Ha(O)COO]Na2 �9 0.5HzO 
CGH~(OH) COOH 
[C~HdOH)COO]Na 
Na2CO3, NaHCO3 
[COH4(O)COOIN% �9 0.5H~O 
C~H4(OH) COOH 
[C~H~(OH)COO]Na 
Na~COz 
[C~H~(O)COO ]Na e �9 0.5H~O 
[CoH~(OH)COO lNa 
Na2CO3 
[C~H~(O)COO ]Na2 
Na~CO3 
Na~CO3 

* decomposition point of systems IIIa, IVd, e and Vd, e 
** decomposition point of systems IIIf, IVf and Vf 

*** decomposition point of systems IVa and Va 

2. TG traces of  quaternary systems comprising three or four interacting compo- 
nents show that reactions (3) and (7) and (7) and (9) occur simultaneously at 
elevated temperatures in systems Ie, IIe, IVe and Ve, thereby making impossible 
quantitative assessment of four components in one sample. 

3. Sodium salicylate formed by elimination of salicylic acid in reactions (3), (7) 
and (9) increases the percentage of  this compound present in systems I and II,  
thus forming a system of  three non-interacting components. Moreover, elimination 
of sodium carbonate in reaction (7) in systems Ie and IIe reduces the numbers of  
components to two non-interacting ones. 

4. Similar processes are observed in systems III ,  IV and V, comprising four 
interacting components.  Sodium salicylate, which is being formed, produces a 
system comprising four non-interacting components,  whilst elimination of sodium 
carbonate in systems IVe and Ve converts them to ternary ones. 

J. Thermal Anal. 11, 1977 
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(Continued) 

49 

Composition of the system 

b ;0 d ;0 f (A 50 40 20 0 
(B )  0 I 0  ~ 2 0  30  40  50 
(C) 50 40 30 20 10 0 
(D) 0 10 20 30 I 40 50 

Percentage weight loss of the crucible content 

F. C. F. C. F. C. F, C. 

0.0 

0.0 

18.5 

18.5 

18.5 

18.5 

0.0 

0.0 

18.5 

18.5 

18.5 

18.5 

1.0 

3.0 

18.0 

18.0 

25.0 

30.0 

0.9 

3.1 

17.9 

17.9 

25.2 
i 

29.7 

2.0 

6.0 

17.0 

17.0 

31.0 

40.0 

C. F. 

1.7 

6.2 

17.3 16.0 

17.3 16.0 

31.8 38.0 

40.9 52.0 

3.0 

9.0 9.3 

16.7 

16.7 

38.5 

52.2 

C. F. 

2.6 6.0 

10.0 

14.0 

14.0 

44.0 

62.0 

4.4 

10.2 

13.9 

13.9 

45.2 

63.4 

9.0 

9.0 

9.6 

23.5 

57.0 

75.0 

6.5 

6.5 

6~5 

23.4 

56.5 

74.7 

F. -- found, C. -- calculated 

5. Unde r  the condi t ions  studied, sodium carbonate  has been found  to react most  
readily with salicylic acid (systems I - V ) .  W h e n  a system involves salicylic acid, 
sodium hydrogen carbonate  and  disodium salicylate sesquihydrate, a componen t  
occurr ing in a large excess reacts most  readily with salicylic acid (system IV and V). 

6. Sodium carbonate,  providing one of  the components  of  the qua te rnary  
systems, greatly simplifies their thermal  decomposi t ions,  since it does no t  decom- 
pose over the temperature  range studied. 

7. Systems I I I -  V, compris ing four  identical components ,  show different thermo-  
gravimetric behaviours  owing to differences in their percentage composi t ions  
( a - f ) .  

8. The overlapping temperature  ranges of  reactions (4), 2 2 0 - 2 6 0  ~ and  (10), 
2 1 0 - 2 4 0  ~ the format ion  of  identical stable compounds  and  similar volatile 
products  in reactions (4) and  (10), as well as the endothermic  effects of  both  reac- 

4 J. Thermal Anal. 11, 1977 
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tions, mean that  it is no t  possible to distinguish between the weight losses occurring 
in reactions (4) and (10). The weight losses in reactions (4) and (10) were summed 
as for  one decomposi t ion stage (systems I - I I  and I V - V )  and decomposi t ion 
stages 4 and 5, respectively. 

9. The presence o f  four  components  in the systems studied reduces their contents 
in the samples taken, as compared  with ternary and binary systems. This results 
in reduct ion o f  the D T G  and D T A  peak areas owing to the weaker thermal 
effects of  the reactions. 

10. The results obtained in this work  suggest that  there is a possibility o f  employ- 
ing the quaternary systems for  the control  o f  the course and degree o f  conversion 
in the commercial-scale product ion  o f  sodium salicylate, and for checking the 
declared composit ions,  hydra t ion  degrees and contaminat ion  of  mixtures com- 
prising salicylates. Each o f  the quaternary systems can be employed in chemical 
analysis alone or  in combina t ion  with any other  binary or  ternary systems. One 
of  such possibility has been shown in Fig. 6. 
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R~SUM~ -- Etude de la ddcomposition de syst6mes quaternaires contenant de l'acide salicylique, 
du salicylate de sodium, du salicylate disodique sesquihydrat6, du carbonate de sodium et de 
l'hydrog6nocarbonate de sodium, par thermogravim6trie et par analyse thermique diff6ren- 
tielle. On montre qu'il est possible d'analyser des syst~mes quaternaires dans lesquels trois 
ou quatre composants r6agissent entre eux. Les r6sultats de la pr6sente 6tude peuvent servir 
pour contr61er l'avancement de la rdaction dans la production h l'6chelle commerciale du 
salicylate de sodium et pour v6rifier la composition d6clar6e, le degr6 d'hydratation et ]a 
contamination 6ventuelle par les r6actifs initiaux dans les mdlanges de salicylate h composants 
multiples. 

ZUSAMMENFASSUNG - -  Die thermische Zersetzung Salicylsfiure, Natriumsalicylat, Dinatrium- 
salicylat Sesquihydrat, Natriumkarbonat und Natriumbikarbonat enthaltender quaternfirer 
Systeme wurde mittels Thermogravimetrie und Differentialthermoanalyse untersucht. Die 
M6glichkeit der Analyse quaterngrer Systeme mit drei oder vier aufeinander einwirkenden 
Komponenten wurde gezeigt. Die Ergebnisse dieser Untersuchungen k/3nnen bei der Kontrolle 
des Verlaufs und des Konversionsgrades der Reagentien, bei der Herstellung yon Natrium- 
salicylat im Handelsmal3stab sowie bei der Priifung der deklarierten Zusammensetzung des 
Hydratierungsgrades und der Verunreinigung mit Ausgangsreagentien von Salieylatgemisehen 
mit einer Vielzahl yon Komponenten eingesetzt werden. 

Pe3roMe - -  I/IcnoJib3y~l xepMorpaBnMexp~o 11 ~Ir~dp~oepenttllanBm, ii~ TepM11~ec~rL~ auaJ~113, 
nccne~oBauo TepMnqecKoe pa3no~realle qeTBepT11qflMX C11CTeM, BKnro~arom11x can~ttllnoByro 
K11CJIOTy, ca~n~11J~aT 11aTp11~, IIOJiyTopHbI~ r11/IpaT ~1111aTp11~ canaLoanaxa, ~ap6onaT - -  11 r11~- 
p o g a p 6 o H a T  naTp l ln .  H o ~ a 3 a n a  BO3MO)KHOCTb ar~anH3a ~IeTBepTIt~tIblX C11CTeM, B~JItoqatonIHX B 

Ce61t Tp11 ~IJItt ~IeTblpe p e a r l l p y r o u l a x  gOMrlOIfeItTbI. Pe3yJIbTaTbI HccJIe~oBamtl2 ~blJI!~ 11 ~lCnoJn~30- 

BaI-II~I ~IYtg KOHTpOYI~t !I c x e n e n H  ~peBpame1111a peare11TOB rip11 npoII3BO~CTBe canllr~11JiaTa 1 1 a T p ~  
B llpOMbImJteHHoM Macl i iTa6e ,  a TaK;t(e ~JI/I npoBepI(~I npe~iT~lBJieHHoro COCTaBa, cTelle1111 FIIjI- 
p a T a t l l l a  11 3arp~t3He1111~ 11CXO~[HlbIMH p e a r e n x a M ~  MHOFOKOMIIO11e11THLIX ca-rtarlg~aT11b~x cMeceN. 
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