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The mechanism of thermal decomposition of binary and ternary systems containing 
salicylic acid, sodium salicylate and disodium salicylate sesquihydrate, sodium car- 
bonate and sodium hydrogen carbonate were studied by means of thermogravimetric 
and differential thermal analysis. The possibility was demonstrated of analyzing 
ternary systems containing three unreactive or three reactive components. The results 
can be useful for monitoring the course of the commercial-scale manufacture of sodium 
salicylate and for checking declared compositions of salicylate mixtures. 

This work provides an extension of our studies aimed at developing an effective 
monitoring of the course and conversion degree in the process of the commercial- 
scale manufacture of sodium salicylate [1]. Preliminary tests revealed the possi- 
bility of application of thermogravimetry to analyze binary systems whose com- 
ponents interact, and to check declared compositions of mixtures containing 
salicylic acid [2]. Ternary systems can be analyzed via reactions occurring at 
elevated temperatures, which eliminate one of the components, thereby leaving 
binary systems. In this work, further binary and ternary systems involving sodium 
carbonate and disodium salicylate sesquihydrate have been studied. 

Experimental 
Reagents 

Disodium salicylate sesquihydrate was obtained by drying in air disodium 
salicylate obtained as reported previously [2]. 

As a result of heating disodium salicylate semihydrate was obtained between 
60-90 ~ 

The identities of the salts were confirmed by results of elemental analysis 
(C, H) [3] and sodium determination by acidimetric titration in aqueous ether 
solution with bromophenol blue as indicator. The semihydrate was identified 
by atomic absorption spectrophotometry. 

Sodium carbonate was of analytical grade, and the remaining reagents were 
the same as in [2]. 

* Part I: J. Thermal Anal., 9 (1976) 357. 
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Fig. 1. DTA peaks corresponding to endothermic and exothermic reactions (7-11) 
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Fig. 2. Thermal decomposition of a system containing disodium salicylate sesquihydrate 
and sodium carbonate (system I). Loss in weight as a function of temperature (1) and com- 
position (2). The decomposition of the sesquihydrate is described by Eqs (8), (10) and (11) 
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Fig. 3. Thermal decomposition of a system containing disodium salicylate sesquihydrate and 
sodium hydrogen carbonate (system II). Loss in weight as a function of temperature (1) and 
Composition (2). The decomposition of sodium hydrogen carbonate occurs according to 

Eq. (2), and that of the sesquihydrate according to Eqs (8), (10) and (11) 
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Fig. 4. Thermal decomposition of a system containing disodium salicylate sesquihydrate 
and salicylic acid (system III). Loss in weight as a function of temperature (1) and compo- 
sition (2). Water is liberated in reaction (9). Sublimation of salicylic acid unreacted in reaction 
(9) occurs according to point (1). The decomposition of disodium salicylate sesquihydrate 
unreacted in reaction (9) occurs according to Eqs (8), (10) and (11). (x) denotes a stoichiomet- 
ric point of reaction (9). The decomposition of sodium salicylate is described by Eqs (4) 

and (5) 
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Fig. 5. Thermal decomposition of a system containing sodium carbonate and salicylic acid 
(system IV). Loss in weight as a function of temperature (1) and composition (2). Volatile 
products are formed in reaction (7). Sublimation of salicylic acid unreacted in reaction (7) 
occurs as in point (1). (x) denotes a stoichiometric point of reaction (7). The decomposition 

of sodium salicylate occurs according to Eqs (4) and (5) 

20 

40 

60 

^ 
E 80 

~ Z-_-- _--_ _-_- -_-_-_-~_-Z_- - ~ ) C 0 2  ~H20 

t Na2C03 

la b c d 
J L L J " ' 

100 zoo 300 400 90 70 50 30 1o o (A) 
10 20 30 40 50 55 (B) 
o ~o 20 30 4o ks (c) 

Temperature ~~ Composition ~~ 

Fig. 6. Thermal decomposition of a system containing sodium salicylate, disodium salicylate 
and sodium hydrogen carbonate (system V). Loss in weight as a function of temperature (1) 
and composition (2). The decomposition of sodium hydrogen carbonate occurs according 
to Eq. (2), and those of sodium and disodium salicylates according to Eqs (4) and (5), and 

(5) respectively 
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Fig. 7. Thermal decomposition of a system containing salicylic acid, sodium carbonate and 
sodium hydrogen carbonate (system VI). Loss in weight as a function of temperature (1) 
and composition (2). Volatile products are formed in reactions (3) and (7). Sublimation of 
salicylic acid unreacted in reactions (3) and (7) occurs according to point (1). The decomposi- 
tion of sodium hydrogen carbonate unreacted in reaction (3) occurs according to Eq. (2). 
(x) denotes a stoichiometric point of reactions (3) and (7). The decomposition of sodium 

salicylate is described by Eqs (4) and (5) 
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Fig. 8. Thermal decomposition of a system containing salicylic acid, sodium carbonate and 
disodium salicylate sesquihydrate (system VII). Loss in weight as a function of temperature 
(1) and composition (2). Water is liberated according to Eq. (9). Volatile products are formed 
in reaction (7). Sublimation of salicylic acid unreacted in reactions (7) and (9) occurs according 
to point (1). The decomposition of disodium salicylate sesquihydrate unreacted in reaction 
(9) occurs according to Eqs (8), (9) and (11). (x) denotes a stoichiometric point of reactions 
(7) and (9). The decomposition of sodium salicylate occurs according to Eqs (4) and (5) 
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Table 1 

Results of thermogravimetric investigations of systems I and II containing 

No. 

/ 
T o m p  . . . .  go, System 

"'1 of 
Residue in crucible 

II 

(A) Disodium sali- 
cylate 
1.5H20 

(B) Na2CO3 

(A) Disodium sali- 
cylate 
1.5H20 

(B) NaHCOn 

1. 

2. 

3. 

4. 

60- 90 

210-240 

240-420 
240-440* 

60- 90 

110-150 

210-240 

240-420 
240-440* 

* decomposition point of systems Ia and Ib 
F = found, C = calculated 

[C6H4(O)COO]Na2 ' 

Na2CO3 
[CeH4(O)COO ]Na2 
Na2CO3 
Na2CO3 

0.5H20 

[C6H4(O)COO]Na2 �9 0.5H20 
NaHCO3 
[C6H4(O)COO]Na~ ' 0.5H20 
Na2CO 3 
[C6H~(O)COOINa2 
Na~CO3 
Na2COs 

Apparatus 

Thermogravimetry of systems containing the above-mentioned components, 
taken in the proportions shown in Tables 1-3 was carried out by means of the 
OD-130 (MOM-Budapest) Derivatograph [4]. Samples (200 mg) consisted of 
finely-powdered and intimately-mixed components. Decompositions occurred 
in platinum crucibles at a temperature increase of 5~ up to 500 ~ using ~-A120 3 
as the reference material. Results of the thermal decompositions of the systems 
are shown in Tables 1-3 and in Figs 1-8. 

Discussion 

Steps characterizing the course of thermal decomposition of the systems can 
be written as follows: 

J. Thermal Anal. 10, 1976 
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two unreactive components 

Composition ofsystem, 

(A 100 80 40 0 
(B) 0 20 40 60 80 100 

Percentage weight loss of crucible content 

F C F C F C F C F C F C 

9.0 8.6 

29.0 31.1 

50.0 49.3 

9.0 8.6 

9.0 8.6 

29.0 31.1 

50.0 49.3 

6.5 6.9 

24.0 24.9 

39.5 39.5 

8.0 6.9 

14.0 14.3 

29.5 32.3 

47.0 46.8 

5,0 5.2 

18.0 18.7 

29.5 29.6 

6.0 5.2 

19.5 19.9 

31.5 33.4 

44.0 44.5 

3.0 3.5 

12.0 12.5 

19.0 19.7 

5.0 3.5 

25.5 25.6 

34.0 34.6 

42.0 41.9 

2.0 

6.5 

10.0 

2.0 

30.5 

35.5 

39.0 

1.7 0.0 

6.2 0.0 

9.0 0.0 

1.7 0.0 

31.3 37.0 

35.8 37.0 

39.4 37.0 

0.0 

0.0 

0.0 

0.0 

36.9 

36.9 

36.9 

(1) subl imat ion  of salicylic acid, C6H4(OH)COOH t 
(2) 2NaHCO3 ~ Na2COz + CO2 + HsO 

(3) C6Ha(OH)COOH + NaHCOz  ~ C6H~(OH)COONa + COs + HsO 
(4) 2C6H~(OH)COONa ~ C6H~(ONa)COONa + C6H4(OH)COOH $ (subli- 

mat ion)  

(5) 2C6H~(ONa)COONa -+ Na2COz + volatile products  (CO, CO2, HsO) 
(6) C6H~(ONa)COONa + C6H4(OH)COOH ~ 2C6H~(OH)COONa 
(7) 2C6Ha(OH)COOH + Na2COz ~ 2C6H4(OH)COONa + COs + HsO 
(8) C6Ha(ONa)COONa �9 1.5HsO ~ C6Ha(ONa)COONa �9 0.5HsO + H20 
(9) C6H4(ONa)COONa �9 0.5H20 + C~H4(OH)COOH ~ 2C6H4(OH)COONa 

+ 0.5H20 
(10) 4C6H4(ONa)COONa �9 0.5H~O ~ 2C6H4(ONa)COONa + 2N%CO3 

+ C~H~(OH)COOH i" (sublimation) + volatile products  (CO, COz, H20) 
(11) 2CGH~(ONa)COONa + 2Na2COa ~ 4Na2CO3 + volatile products  (CO, 

COs, HsO) 

J. Thermal Anal. 10, 1976 
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Table 2 

Results of thermogravimetric investigations of systems III and IV containing 

III 

IV 

No. System 

(A) Disodium 
salicylate 
1 " 5H20 

(B)  Salicylic acid 

(A) NazCO 3 

(B) Salicylic acid 

compn. 
De- 

stage 
Temp. range, 

~ Residue in crucible 

1. 

2. 

3. 

2. 

3. 

4. 

60- 90 
60-140"* 

130-220 
130-180'** 
210-240" 
230-260 

230-260 

240-440* 
260-460 

80-140 
80-170" 

140-190 
140-220"* 
220-250 

250-470 

[C6H~(O)COO lNa2 " 
CGH~(OH)COOH 
[C6H4(O)COO ]Naz " 
[CGH4(OH)COO]Na 
[CGH4(O)COO]Naz 
Na2COz 
[CGH4(OH)COO ]Na 
[C6H4(O)COO]Na2 
Na2CO3 

NazCO~ 

[C6H4(OH)COO]Na 
C~Ha(OH)COOH 
Na2CO3 
[C6H4(OH)COO]Na 
Na2CO3 
[C~H4(O)COO]Na2 
Na2CO3 
Na2CO3 

0.5H~O 

0.5H20 

* decomposition point of systems Illa and IVd 
** decomposition point of systems Illb and IVf 

Reactions (1-6) have been discussed in the preceding publication [2]. Reactions 
(7-9) are endothermic, as can be seen f rom the D T A  curves (Fig. 1). Reaction 
(7) is accompanied by three peaks over the range 80-160 ~ (Fig. 1). Similarly 
as in reaction (3), they are likely to be due to evolution of  CO2 and H20 and to 
an exothermic effect associated with the formation of  sodium salicylate. A broad,  
split D T A  peak at 40-120 ~ in reaction (8) (Fig. 1) is due to heat absorption,  
one mole o f  crystallization water being evolved. In reaction (9) (Fig. 1), a D T A  
peak due to liberation of  the crystallization water occurs over the same tempera- 
ture range as that  of  the D T A  peak in reaction (8). It p robably  overlaps an exo- 
thermic peak due to formation of  sodium salicylate. A small exothermic peak 
(210-240 ~ DTA)  (Fig. 1) in reaction (10) is due to changes occurring within 
the molecule caused by hydrolysis of  disodium salicylate by its own water o f  

Y. Thermal Anal. 10, 1976 
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two reactive components 

Composition ofsystem, % 

a b 20 d ;0 f 
(A) 100 80 40 0 
(B) 0 20 40 60 80 100 

Percentage weight loss of crucible content 

F C F C F C F C F C F C 

9.0 8.6 

9.0 8.6 

29.0 31.1 

29.0 

50.0 

0.0 

31.1 

49.3 

0.0 

0.0 0.0 

0.0 0.0 

0.0 0.0 

8.0 8.2 

8.0 8.2 

41.0 21.7 

41.0 

60.0 

5.0 

41.8 

59.5 

4.5 

5.0 4.5 

14.5 14.5 

20.0 20.0 

6.5 7.8 

13.0 8.1 

13.0 8.1 

50.0 

69.0 

9.5 

47.8 

69.6 

9.0 

9.5 9.0 

28.0 29.0 

39.0 40.0 

4.0 5.2 

37.5 38.8 

37.5 38.8 

65.0 

79.0 

16.5 

65.2 

79.7 

13.5 

16.5 13.5 

43.0 43.5 

59.0 60.0 

2.5 2.6 

69.0 69.4 

69.0 69.4 

82.0 

90.0 

10.5 

82.6 

89.9 

11.7 

43.5 39.5 

64.5 65.6 

78.0 80.0 

*** decomposition point of system IIIc 
F = found, C = calculated 

0.0 0.0 

100.0 100.0 

100.0 100.0 

100.0 

100.0 

0.0 

100.0 

100.0 

0.0 

100.0 100.0 

100.0 100.0 

100.0 100.0 

crystallization. This peak is likely to overlap another  endothermic one due to 
subl imat ion  of  l iberated salicylic acid. React ion (11) (Fig. 1) is reflected in the 
D T A  trace by a broad  exothermic effect over the range 240-450 ~ The heat loss 
caused by evolut ion of volatile products  is balanced by the strong exothermic 
effect of  the combus t ion  of the organic moiety and probably  by the heat of react ion 
between sodium hydroxide and  CO2 over the temperature  range considered. 
Sodium carbonate  did no t  decompose. 

A n  inspect ion of the results in Tables 1-3 and  Figs 1-8 reveals a correlat ion 
between the propor t ions  of the individual  components  in the system and  their 
thermal  behaviour.  React ions between the components  alter the course of de- 
composi t ion of a given system. This can be i l lustrated by reactions (3), (7) and  
(9), which yield sodium salicylate. A n  analysis of the systems showed that  in 

J. Thermal Anal. 10, 1976 
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Table 3 

Results of thermogravimetric investigations of system V containing three unreactive 

No.  

V 

VI 

VII 

Sys tem 
De-  Temp.  range, 

compu,  o C 
stage 

Residue in crucible 

(A) Sodium salicylate 

(B) Disodium 
salicylate 

(C) NaHCOa 

(A) Salicylic acid 

(B) Na2CO 3 

(C) NaHCO 3 

(A) Salicylic acid 

(B) Na2CO a 

( C) Disodium 
salicylate 
1.5H20 

l .  

2. 

3. 

1. 

2. 

3. 

4. 

5. 

1. 

2. 

3. 

4. 

5. 

6. 

110-140 
110-150" 

220-240 

240-470 

80-130 
80-160'  

140-180 
110-150'* 

140-210 
160-210" 
220-240 

240-460 

60- 90 

80-130'  
90-120 

140-210" 
130-200 

140-160 
210-240"* 

220-240* 
240-260 
240-460* 
240-420** 
260-450 

[C6H4(O)COO]N% 
[C6H4(OH)COO]Na 
Na2CO~ 
[C6H4(O)COO]Na2 
N%CO3 
Na2COz 

[C~H~(OH)COO]Na 
C6H4(OH)COOH 
NazCOz, NaHCO 3 
[C6H4(OH)COO]Na 
C6Ha(OH)COOH 
Na2CO3 
[C6Ha(OH)COO]Na 
Na2CO3 
[C6H4(O)COO]Na2 
Na~CO3 
Na2CO3 

[C~H~(O)COO]Na 2 �9 0.5H20 
C6H4(OH)COOH 
NaeCO .~ 
[C6H4(O)COO]Na 2 �9 0.5H20 
[CGH4(OH)COO]Na 
C~Ha(OH)COOH, Na2CO~ 
[C6Ha(O)COO]Naz �9 0.SHOO 
[C6H4(OH)COO]Na 
NaeCO3 
[C6H4(O)COO]N% 
NazCO3 
C6H4(OH)COO]Na 
[C~H4(O)COOINaz 
Na~CO3 
Na~COx 

* decomposition point of systems Vf, VIb and VIIa 
** decomposition point of systems Vlf and VIIf 
F ---- found, C = calculated 

J. Thermal Ana l  10, 1976 
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components and of systems VI and VII containing three reactive components 

Composi t ion  ofsys tem,  

a b e d e f 
(A) 90 70 50 30 10 0 
B) 10 20 30 40 50 55 
(C) 0 10 20 30 40 45 

Percentage weight loss of  crucible content 

F C F C F C F C F C F C 

0.0 0.0 

40.0 38.8 

64.0 64.4 

6.0 5.9 

6.0 5.9 

70.0 69.8 

83.0 82.8 

90.0 90.0 

0.0 0.0 

6.0 5.9 

70.0 69.8 

70.0 69.8 

83.0 82.8 

90.0 90.0 

4.0 3.7 

35.0 33.9 

58.0 58.9 

19.0 11.7 

19.0 19.1 

20.0 20.5 

56.0 55.5 

74.0 73.7 

1.0 1.3 

11.0 13.0 

34.0 24.3 

34.0 24.3 

59.5 56.9 

75.0 74.9 

8.0 7.4 

29.5 29.0 

51.5 53.4 

12.0 11.2 

20.0 18.6 

20.0 18.6 

43.0 43.6 

57.0 57.4 

2.0 1.7 

12.5 13.0 

12.5 13.0 

17.0 17.5 

42.5 42.5 

59.0 59.9 

11.5 11.1 

24.5 24.0 

46.0 47.9 

7.0 6.7 

18.0 17.8 

18.0 17.8 

33.0 32.8 

40.5 41.1 

3.0 2.6 

9.0 9.3 

9.0 9.3 

12.5 16.1 

31.0 31.1 

45.0 44.8 

14.5 14.8 

21.0 19.1 

42.0 42.4 

3.0 2.3 

17.0 17.0 

17.0 17.0 

23.0 23.0 

25.0 24.8 

3.5 3.5 

6.0 5.7 

6.0 5.7 

8.0 14.7 

21.0 19.7 

30.0 29.7 

16.5 16.6 

16.5 16.6 

39.0 39.6 

0.0 0.0 

16.5 16.6 

16.5 16.6 

16.5 16.6 

16.5 16.6 

4.0 3.9 

4.0 3.9 

4.0 3.9 

13.0 14.0 

13.0 14.0 

22.0 22.2 

S 3", Thermal Anal  10, 1976 
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reaction (3), component C was completely consumed in system VIb. Similarly, 
in reaction (7), component A was completely consumed in systems IVe and VIc, 
d, e, and component B in systems IVb, c, d, Via, b and VIIa, b. In reaction (9) 
the same was noted with components A, B and C in systems IIIc, d, e; IIIb, c 
and VIIb, respectively. 

Sodium salicylate formed in reactions (3), (7) and (9) decomposes according 
to reactions (4) and (5). 

In some of the systems studied, e.g. IIIb and VIb, certain decomposition stages 
overlap owing to the close decomposition points of the components. 

Conclusions 

1. Results of thermal decomposition of systems I-VII confirm the validity 
of conclusions made in the preceding work [2]. 

2. Under the thermal analysis conditions the ease of interaction with salicylic 
acid decreases in the following sequence: sodium carbonate > disodium salicy- 
late > sodium hydrogen carbonate (systems III, IV, VI, VII). 

3. This study showed that it is possible to analyze ternary systems whose 
components do not interact during thermal decomposition (system V). It is also 
possible to analyze systems containing three reactive components (VI, VII). 
As a result of reactions (3), (7) and (9) a new component is formed (sodium 
salicylate) and the system consists of three unreactive components. 

4. The results of this work show the possibility of an extensive use of binary 
and ternary systems in chemical analysis. Each of the systems studied can be 
separate or in combination with any other system. One such possibility is given 
below: 

50% (A) 90% 90% (A) 0% 
> < 

50% (B) lO% lO% (B) 55% 55% (B) 50% 
< 0% (C) 45%' <45% (C) 50% 

(A) salicylic acid, (B) sodium carbonate, (C)disodium salicylate sesquihydrate. 
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Rt~SUMI~ -- On a 6tudi6 par thermogravim6trie et par analyse thermique diff6rentielle le 
m6canisme de la d6composition thermique de syst6mes binaires et ternaires contenant de 
l'acide salicylique, du salicylate monosodique et du salicylate disodique sesquihydrat6, du 
carbonate de sodium et de l 'hydrog6nocarbonate de sodium. On montre la possibilit6 d 'ana- 
lyser des syst6mes ternaires comprenant trois composants r6actifs ou non. Les r6sultats peuvent 
6tre utilis6s pour commander le d6roulement de la fabrication du salicylate de sodium /t 
l'6chelle commerciale et pour contr61er les compositions d6clar6es des m61anges de salicylates. 
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ZUSAMMENFASSUNG - -  Ein Mechanismus der thermischen Zersetzung Salicyls/iure, Natrium- 
salicylat und Dinatriumsalicylat Sesquihydrat, Natriumcarbonat und Natriumhydrocarbonat 
enthaltender bin/irer und ternttrer Systeme wurde mittels Thermogravimetrie und Differen- 
t ia l thermoanalyse  untersucht .  Die M/Sglichkeit, drei unreaktive oder drei reaktive K o m p o -  
nenten  enthal tende terntire Systeme zu untersuchen,  wurde  gezeigt. Die Ergebnisse kSnnen 
dazu eingesetzt werden den Verlauf  der Natr iumsal icyla t fabr ikat ion im HandelsmaBstab zu 
verfolgen und  deklarierte Zusammense tzungen  von Salicylatmischungen zu tiberprtifen. 

Pe310Me - -  C IIOMOILrbIo TepMol"paBvtMeTpI4~I i~ ~rldp~epenttnan~,Horo TepMI4qecroro aaanH3a 
n3yqeH MexaHI43M TepMH~ecroro pa3~omenH~ ~ByX- H ToexI(O/VlIIOI-IeHTHbIX CI4CTeM, co~epacan~nx 
caylni~JiOByio rd~CXIOTy, ca~I432nJ1aT HaTpH~ ~t no~lyTopI~1~ rH~IpaT ~anaTprn2 cannIlrlnaTa, a 
TaItme rap60naT- rt rH~porap60HaT I~aTprta. YIoraaaRa BO3MO)I(I-IOCTb ana~tt3a TpeXKOMIIOHeHT- 
I-I]bIX GHCTeM, co~ep~(attmx TpK nepearnpYmmax a n a  TpH pearHpy~omax rOMnOneHT. I /ony~en-  
/l~le pe3y~IbTaTI, I MO~r I, ICIIOJII,3OBaTb ~JIII/(OHTpOYI~I IIpoIIecca IIpOMI, IIILrIeHI-IOrO HpoH3BO~CTBa 
caJIm.lrlJIaTa naTlora~ r~ Zrt~ npoBepK~ o67~m3nerli-ii.ix COCTaBOB CaYlm2HJIaTItbIX cMecefi. 

5::: 3". Thermal A n a l  10, !976 


