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The thermal decompositions of binary and ternary systems of salicylic acid, mono- 
sodium salicylate, disodium salicylate and sodium hydrogen carbonate were studied 
by thermogravimetry and differential thermal analysis. The possibility was shown 
of analyzing systems involving components which react with each other upon heat 
treatment. Use can be made of results of this work to follow the course and extent 
of the reaction employed in the commercial method of. manufacturing sodium salicyl- 
ate and to check declared compositions of salicylate mixtures. 

The thermal decomposition of  salicylates has been studied by Pirisi and Mattu 
[1, 2], Yasutake and co-workers [3, 4] and Radecki and co-workers [5, 7]. The 
objective of  this work was to develop a procedure for following the course and 
extent of  the commercial process of  manufacturing sodium salicylate [8] and for 
analyzing mixtures containing salicylic acid and its salts. 

Experimental 
Materials 

Pure, sublimed salicylic acid and AnalaR grade sodium hydrogen carbonate 
were used. 

Monosodium and disodium salicylates were obtained by neutralizing an ethan- 
olic and aqueous solution, respectively, of  salicylic acid with a stoichiometric 
quantity of  sodium hydrogen carbonate. The monosodium salt was crystallized 
f rom water. The disodium salt was additionally washed with 75 o ethanol to remove 
excess of  salicylic acid. The identity of  the salts was confirmed by results of  ele- 
mental analyses performed by a flash-combustion method [9]. 

Methods 

Thermogravimetry was carried out in air using a P a u l i k - P a u l i k - E r d e y  
(MOM, Budapest) Derivatograph [10]. Samples (200 rag) of  powdered and inti- 
mately mixed component s were analyzed. Decomposition was carried out in 
plat inum crucibles at a rate of  5 deg/min up to 500 ~ using e-A120 a as reference 
material. 
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Results and discussion 

Results are shown in Tables 1 -  3 and in Figs 1 -  8. 
A general course of the thermal decomposition of the systems studied can be 

presented by the following reactions: 

1. evaporation of o-HOC6HaCOOH 

2. 2NaHCO3 -~ NasCO3 + COs + HsO 

3. o-HOC6H4COOH + NaHCO3 ~ o-HOC6H4COONa + COs + HsO 

4. 2o-HOC6H4COONa ~ o-NaOC6H4COONa + o-HOC6H~COOH subl. 

5. o-NaOC6H4COONa --+ 1/2NasCOz + volatile products (CO, COs, H20) 

6. o-NaOC6H4COONa + o-HOC~H~COOH ~ 2o-HOC~H~COONa 

Reactions (1 - 4) are endothermic, as shown by the DTA traces in Fig. 1. Reaction 
(1) is characterized by two peaks in the DTA trace. The first (120-190 ~ is due 
to melting of salicylic acid, and the other (190-250 ~ to its evaporation. Pirisi 
and Mattu [1 ] have found as many as four endothermic peaks and one exothermic 
one for this transformation. The peaks were ascribed to the melting of salicylic 
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Fig. 1. DTA peaks corresponding to endothermic and exothermic reactions (1)--(6) 
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acid, formation of phenyl salicylate, phenol and xanthone, and to combustion of 
the compounds. We could not confirm these results, however. 

A broad DTA peak over the range 80 - 190 ~ observed in reaction (2), is due to 
heat absorption by gaseous CO2 and H20 leaving the system. 

20 . . . . . . . . . . . . . . . . . . . . .  - - - - - ~  (I) sublimation 

o ~ (~)_s u)[i_m_a_ ~ o_n \ 

CO, CO2, H20 

loo ~oo ~oo ~oo ~oo 80 ~o , o  20 o c A )  
Temperature, ~ 0 20 ~.0 60 80 100 (B) 

Composit~on~ '/. 

Fig. 2. Thermal decomposition of a mixture of sodium salicylate (A) and salicylic acid (B) 
(system I). Weight losses as a function of temperature (1) and composition (2) 
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Fig. 3. Thermal decomposition of a mixture of monosodium (A) and disodium salicylates (B) 
(system II). Weight losses as a function of temperature (1) and composition (2). Decomposi- 

tion of the monosodium salt obeys equations (4) and (5) 
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Three endothermic peaks in reaction (3) (Fig. 1, curve 3) are likely to be due to 
evolution o f  CO2 and HzO, as can be judged by their position over the same temper- 
ature range as that  o f  the D T A  peak in reaction (2). However,  the peak is split 
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Fig. 4. Thermal decomposition of a system of sodium salicylate (A) and sodium hydrogen 
carbonate (B) (system IIT). Weight losses as a function of temperature (1) and composition (2). 
Decomposition of sodium hydrogen carbonate obeys equation (2), and that of sodium sali- 

cylate equations (4) and (5) 
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Fig. 5. Thermal decomposition of a system of salicylic acid (A) and disodium salicylate (B) 
(system IV). Weight losses as a function of temperature (1) and composition (2). Sublimation 

occurs of salicylic acid unreacted in reaction (6) 
(x )  Stoichiometric point of reaction (6). Decomposition of sodium salicylate obeys equations 

(4) and (5) 

.r. Thermal Anal. 9, 1976 



R A D E C K [ ,  W E S O L O W S K I :  A N A L Y S I S  OF B I N A R Y  A N D  T E R N A R Y  SYSTEMS OF 361 

. . . .  ?--------2 - 2  22--2S~2~ 
60 

8O 

//~a b c d 
\[ I ~ I I I 

100 200 300 Z,00 100 80 60 /~0 20 0 (A) 

Temperatur% ~ 0 20 z*0 60 80 100(B) 

Composition~ */* 

Fig. 6. Thermal decomposition of a system of salicylic acid (A) and sodium hydrogen car- 
bonate (B) (system V). Weight losses as a function of temperature (1) and composition (2). 
Gaseous products follow reaction (3). Sublimation occurs of salicylic acid unreacted in reac- 
tion (3). Decomposition of sodium hydrogen carbonate unreacted in reaction (3) follows 

reaction (2) 
,(• ) Stoichiometric point of reaction (3). Decomposition of sodium salicylate obeys equations 

(4) and (5) 
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Fig. 7. Thermal decomposition of a system of disodium salicylate (A), salicylic acid (B) and 
monosodium salicylate (C) (system VI). Weight losses as a function of temperature (1) and 

composition (2). Sublimation occurs of salicylic acid unreacted in reaction (6) 
( x )  Stoichiometric point of reaction (6). Decomposition of sodium salicylate obeys equations 

(4) and (5) 
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into three components, which is possibly due to simultaneous occurrence of an 
exothermic effect associated with the formation of sodium salicylate. 

Reaction (4) is accompanied by a single endothermic effect occurring over 
the range 240-260  ~ (curve 4). It is due to sublimation of  salicylic acid. 

Reaction (5) is exothermic, as shown by a broad DTA peak over the range 
260-470  ~ (curve 5). A small heat loss due to desorption of gases is overlapped 
by a strong exothermic effect due to partial combustion of  organic matter. 
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Fig. 8. Thermal decomposition of a system of sodium hydrogen carbonate (A), salicylic 
acid (B) and sodium salicylate (C) (system VII). Weight losses as a function of temperature (1) 
and composition (2). Gaseous products are formed according to equation (3). Decomposition 
of sodium hydrogen carbonate unreacted in reaction (3) follows equation (2). Sublimation 

occurs of salicylic acid unreacted in reaction (3) 
(• Stoichiometric point of reaction (3). Decomposition of sodium salicylate obeys equations 

(4) and (5) 

Reaction (6) is accompanied by a weak exothermic effect (curve 6). 
Inspection of results shown in Tables 1 - 3  and Figs 2 - 8  reveals some correla- 

tions between the contents of the individual components in a system and their 
thermal decomposition. A characteristic features of  the systems studied is the 
reactivities of their components upon heating. This is exemplified by reactions (3) 
and (6), which afford sodium salicylate. Analysis of these reactions showed that 
in the latter, component (B) is completely consumed in systems IVb and c and 
Via, b and c. Component (A) is consumed in systems IVd and e and VId and e, too. 
In reaction (3), components (B) and (A) are eliminated in systems Vb and VIIa, b, c 
and d, and in Vc, d and e and VIIe, respectively. 

As a result of quantitative reactions occurring between individual components 
of  the systems studied, the final thermal decomposition of  the products proceeds 
according to equations [4] and [5]. 
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Conclusions 

1. Investigation of the thermal decompositions of systems of salicylic acid, 
sodium hydrogen carbonate, monosodium salicylate and disodium salicylate 
showed that the thermogravimetric method can be employed for determination 
of two components in binary mixtures. 

2. Weight losses up to the appearance of a horizontal have been found to be 
proportional to the percentage of the components in a mixture. 

3. A horizontal has been found to appear 2 -  5 times during the thermal decom- 
position of a sample, depending on its composition. This offers the possibility of 
verifying 2 -  5 times the reliability of an analysis of a single sample over various 
temperature ranges, without the necessity of discontinuing the decomposition. 

4. Results of this work offer the possibility of analyzing mixtures of compo- 
nents which are able to react with each other during the course of the thermal 
decomposition. Analyses of ternary mixtures could be carried out owing to reac- 
tions (3) and (6). Sodium salicylate folmed in these reactions increased the per- 
centage of the salt already present in the system. Moreover, it eliminated one of 
the components of a ternary system, thereby giving a binary one. 

5. Both DTG and DTA traces well reflect the thermal effects of reactions occur- 
ring in the systems considered upon heating. A correlation was found between 
the percentages of individual components in a system and the magnitudes of the 
DTA peak. The character of this correlation could not be established, however. 

6. Results of this work show the possibility of using binary and ternary systems 
to check declared compositions of mixtures containing salicylates (systems I - IV) ,  
and extents of reaction (system VII), and to follow the course of the commercial 
method of manufacturing sodium salicylate (systems V and VI). 

References 

I. R. PIRISI and F. MATTU, Seminar. Fac. Sci. Univ. Cagliari, 22 (1952) 163. 
2. R. PIRISI and F. MATTU, Ibid., 170. 
3. H. YASUTAKE and O. HIDEYO, Kogyo Kagaku Zasshi, 73 (1970) 1996. 
4. H. YASUTAKE, K. MASAItARU and O. HIDEYO, Kyushu Kogyo Daigaku Kenkyu Hokoku, 

22 (1971) 51. 
5. A. RADECKI, K. KOBYLCZYK and B. ANDRZEJCZAK, Rozpr. Wydz. III Gdansk. Tow. 

Nauk., 9 (1972) 95. 
6. A. RADECKI, K. KOBYLCZYK and B. ANDRZEJCZAK, Ann. Acad. Med. Gedan., 4 (1974) 127. 
7. A. RADECKI and M. WEsoLows~:I, J. Thermal Anal., 9 (1976) 16. 
8. S. ROLSKI, Chemia grodk6w leczniczych (Chemistry of drugs), PZWL, Warsaw 1964. 
9. E. KOZLOWSKI, ]3. KOBYLII~SKA-MAZUREK and M. BtzluI,:, Chem. Anal., 17 (1972) 109. 

10. F. PAULIK, J. PAULIK and L. ERDEY, Z. Anal Chem., 160 (1958) 241. 

I .  Thermal AnaL 9, 1976 



RADECKI, WESOLOWSKI: ANALYSIS OF BINARY AND TERNARY SYSTEMS OF 367 

R~SUMt] --  Etude par thermogravim6trie et analyse thermique diff6rentielle de la d6composi- 
tion thermique de syst6mes binaires et ternaires constitu6s d' acide salicylique salicylate 
monosodique, de salicylate disodique et d 'hydrog6nocarbonate de sodium. On montre la 
possibilit6 d'analyser des syst~mes dent  les composants r6agissent entre eux lots du traite- 
merit thermique. Les r6sultats de cette 6tude permettent de suivre le d6roulement et le 
degr6 d'avancement de la r6action utilis6e dans le proc6d6 commercial de fabrication du 
salicylate de sodium et de contr61er la composition d6clar6e des m61anges de salicylates. 

ZUSAMMENlcASSUNG - -  Die thermische Zersetzung bin/irer und terngrer Systeme, die Salicyl- 
s/iure, Mononatriumsalicylat, Dinatriumsalicylat und Natriumhydrocarbonat enthalten, 
wurde untersucht. Die MSglichkeit der Analyse von Systemen, deren Komponenten bei 
Hitzebehandlung miteinander reagieren, wurde gezeigt. Die Ergebnisse dieser Arbeit ge- 
statten den Verlauf und das AusmaB der Reaktionen zu untersuchen, welche bei dem 
Herstellungsverfahren yon handelsiiblichen Natriumsalicylat ablaufen und die deklarierte 
Zusammensetzung yon Salicylatmischungen zu prfifen. 

Pe3ioMe - -  I/IcnoJib3y~ TepMorpaBKMeTpHIO l,I )!TA, I, I3yqeHo TepMri~lecroe pa3JIo~renrle JIBO~- 
re,IX H TpO~rI~IX CHCTeM, BKrUO~IalOnlHX B ce6~ camlimJiOBylo XHCJIOTy, MOI-IOnaTprI~CaJIHIIH- 
JIaT, ~riHaTprlI~CaJIrUlrlJIaT n 6rlKap6OHaT HaTpIt~. l-Ioxa3aHa BOBMOX~HOCTB anaaa3a CHCTeM 
C :raI~m, ari I<OMIIOHeHTaMrI, I~OTOpl~le pearHpyroT Jlpyr c ~pyroM IIp~I TenJIOBOA o6pa6oTre. 
]?e3yYrbTaTBI pa6oTBI MOFyT 5BIT~ I, ICnOJIt,3oBaI-~i ~Ji~ aHaJIH3a Xo~Ia H CTelIeHI, I peaKIIH~I, npleI- 
ieHlteMoI~ B HpoMt,ImJIeHHOM MeTo~e HOJly~IeHBAI caamlg_JiaTa HaTpaSI tI JIJI~ upoBepIcJeI IlpejIIIo- 
.rlaraeMoro COCTaBa caYIHIIIIJIaT- HblX cMeceft. 
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