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The suitability of the differential thermal and thermogravimetric techniques for the 
determination of compositions of solid and soft drug formulations has been studied. 
A total of 117 pharmaceutical preparations have been examined, including powders, 
dusting powders, capsules, granulates, tablets, tablets for sucking, effervescent tablets, 
dragees, suppositories and ointments. Both techniques have been shown to be appli- 
cable for identification of pharmaceutical preparations. A specification has been made 
of thermal processes which can be employed for assaying the main components of the 
preparations. A rough estimate of the relative errors has been given. 

Differential thermal analysis and thermogravimetry play an important role in 
solving a variety of scientific and industrial problems. However, the techniques 
have not received due attention in the pharmaceutical sciences. One of the possi- 
bilities of using these techniques is to employ DTA curves, as well as those of 
DSC and TG, for identification of pharmaceutical preparations containing active 
principles belonging to the groups of analgesics [1 ], antacids [2] and vitamins [3]. 
The shapes of the thermal decomposition curves of these preparations have been 
found to be determined by the presence of fillers and binding agents. The assign- 
ment of the thermal effects to the decompositions of the appropriate compounds 
has been found to be greatly complicated by complex compositions of prepara- 
tions and, in many cases, by a lack of information about the composition. Large 
changes in the composition due, for instance, to adsorption of water, can manifest 
themselves in the appearance of new peaks, the shift of existing ones or, changes 
in their shapes. The TG curves have also been demonstrated to be useful for quan- 
titative determination of the mechanically bound and crystallization water in 
powders and granulates comprising lactose, gelatin and (or) caffeine, amidopyrine 
and phenacetine [4]. 

Taking into account the foregoing aspects, a complex estimation of the suit- 
ability of the DTA, TG and DTG techniques for monitoring of the compositions 
of solid and soft formulations has now been made. 

As pharmaceutical preparations are complex materials containing drugs and 
vehicles, the decompositions have been studied of all drugs and vehicles employed 
for granulation and tabletting or used as bases for ointments and suppositories. 
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The knowledge of even an approximate mechanism of their thermal decomposi- 
tions and of the compositions of pharmaceutical preparations will undoubtedly 
facilitate interpretation of the results. 

Experimental 

Reagents and materials 

The thermal decompositions have been studied of 117 drugs available in chem- 
ist's shops belonging to the group of solid drug forms such as simple powders, 
effervescent powders, dusting powders, capsules, simple and effervescent granu- 
lates, internal tablets, tablets for sucking, tablets for preparation of effervescent 
beverages, dragees and suppositories. Ointments have been studied as drugs be- 
longing to soft forms. The preparations were manufactured by the "Polfa" Phar- 
maceutical Works (Poland) as well as by Chemical and Pharmaceutical Co-oper- 
atives. From these producers, pure drugs, vehicles and information about their 
compositions have also been obtained. 

Apparatus and method 

DTA, TG and DTG curves were taken on an OD-130 (MOM Hungary) deri- 
vatograph (Paulik- Paulik-  Erdey system). All experiments were performed under 
identical conditions: 100 mg samples were placed in Pt crucibles ( 0  9.5 ram) and 
heated in a furnace atmosphere at a rate of 5 ~ min -1 up to 600-1000 ~ using 
e-A12Oa as reference material. 

All preparations, except for powders and ointments, were finely powdered prior 
to analysis. One sample comprised three tablets or dragees. 

To isolate intermediates, the heating was interrupted at the appropriate tem- 
perature and the residue was analysed. 

Results and discussion 

I. Thermal decomposition of  vehicles 

Studies on the thermal decompositions of a few tens of organic and mineral 
vehicles belonging to various classes of chemical compounds such as carbohy- 
drates, proteins, fats, polymers, carboxylic acids and their salts, as well as mineral 
compounds, allow the conclusion that elucidation of the mechanism of thermal 
decomposition, as well as isolation and identification of intermediates, poses a 
difficult problem. The difficulties are mainly due to the fact that the substances 
are mostly high-molecular weight compounds of a complex, difficultly determin- 
able composition. 

The poor selectivity of the DTA and TG techniques employed simultaneously 
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means that the differences in thermal decomposition patterns of high-molecular 
weight isomeric compounds cannot be traced. This is particularly evident during 
study of the thermal decompositions of certain carbohydrates, proteins and fats. 

II. Thermal decomposition of pharmaceutical preparations 

Studies on the thermal decompositions of more than one hundred pharma- 
ceutical preparations afforded useful experimental evidence allowing estimation 
of the usefulness of DTA and TG techniques for qualitative and quantitative 
control of their compositions. 

A. Identification of components of pharmaceutical preparations 

A particular compound can only be identified by comparing the temperature 
ranges as well as the areas and shapes of the DTA peaks of the analyzed and stan- 
dard compounds. The measurements must be run under similar conditions and 
on the same instrument. The use of the DTA technique for identification of corn- 
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Fig. 1. DTA curves of the thermal decompositions of: (A) selected pharmaceutical prepa- 
rations, (B) medicinal agents providing main components of peparations subjected to thermal 
decomposition. (a) Salicylamidum (tablets, "Polfa" Pharmaceutical Works, Starogard Gd.) 
and salicylic acid amide; (b) PAS-Natrium (tablets, "Polfa" Pharmaceutical Works, Krak6w) 
and sodium p-aminosalicylate dihydrate; (c) Kalium guaiacolosulfonicum (tablets, "Galena", 
Pharmaceutical Co-operative, Wroctaw) and potassium guaiacolosulphonate; (d) Detreomy- 
cyna (dragees, "Polfa" Pharmaceutical Works, Krak6w) and chloramphenicol polmitate; 
(e) Polopiryna S (tab'ets, "Polfa" Pharmaceutical Works, Starogard Gd.) and calcium car- 
bonate and ace~ylsali "ylic acid; (f) Vibovit (powder, "Polfa" Pharmaceutical Works, Kutno) 

and glucose as vehicle 
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ponents of a multicomponent mixture is problematic, however, because mutual 
dilution of the components results in a decrease in peak areas, frequently accom- 
panied by a change in their shapes, as is the case during superposition of effects 
occurring at close temperatures. 

A thorough analysis of the compositions of pharmaceutical preparations re- 
vealed that they provide 2 -  11-component mixtures, whose components are present 
in various proportions. In this situation the shape of the DTA curve can be utilized 
for identification of one, and exceptionally, two or three components. Subtle ther- 
mal effects due to the remaining components are completely or almost completely 
obscured. The components only slightly affect the shapes of the DTA peaks, but 
alter the thermal conductance and heat capacity of the mixture, as well as the diffu- 
sion of volatile products and other parameters. 

More encouraging results were obtained from analysis of TG curves. The pos- 
sibility of simultaneous recording of T G  and D TG  curves allows a more precise 
observation to be made of each variation in the rate of weight loss of a mixture, 
thus providing better discrimination of particular steps of decomposition. Similarly 
as in the case of the DTA curves, the identification was based on comparison of  
temperature ranges, shapes of curves, and weight losses accompanying a particular 
decomposition step, thus allowing deduction of equations of chemical reactions. 
The TG and DTG curves of an analyzed and standard compound were accounted 
for. 

B. Quantitative checking of compositions of pharmaceutical preparations 

Due to the complex compositions of pharmaceutical preparations, there are 
serious difficulties in deriving correlations between percentage compositions and 
thermal effects expressed in terms of peak areas under DTA curves. Hence, the 
determination of the components on the basis of their DTA curves is difficult. 
To overcome these difficulties, use was made of weight losses in TG curves. Quan- 
titative interpretation of TG curves is simple, owing to the possibility of clear 
discrimination between particular steps by means of the DTG curves. Only that 
component of a mixture can be determined whose percentage exceeds 30. More- 
over, the TG curves should display clearly separated decomposition steps. 

Consequently, thermal processes suitable for the determination of the main 
components of pharmaceutical preparations were categorized as follows: 

1. Dehydration: the loss of crystallization or constitutional water is accompa- 
nied by formation of an intermediate compound of precisely defined composition 
and structure. The processes occur mostly over the temperature range 6 0 - 3 0 0  ~ 
and manifest themselves in a distinct plateau in the TG  curve. 

2. Decarboxylation: the loss of carbon dioxide from sodium hydrogen carbon- 
ate occurs over the range 6 0 - 2 0 0  ~ On the other hand, decarboxylation of cal- 
cium carbonate arising upon ignition of an organic residue of a calcium salt occurs 
over the range 6 0 0 -  800 ~ The formation of calcium oxide, similarly as for calcium 
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carbonate, is accompanied by the appearance of  a distinct plateau extending over 
a range of  a few tens of  degrees. This feature is helpful in obtaining relatively 
accurate results. 
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Fig. 2. TG and DTG curves of the thermal decompositions of selected pharmaceutical prep- 
arations, used for quantitative determinations. (a) Napashin, tablets containing sodium 
p-aminosalicylate dihydrate ("Polfa" Pharmaceutical Works, Krak6w); (b) Pulvis pro irri- 
gatione, powder containing boric acid ("Cefarm" Galenic Laboratory, Gdafisk); (c) Gargarin, 
powder containing sodium hydrogen carbonate ("Cefarm" Galenic Laboratory, Gdafisk); 
(d) Reladorm, tablets containing calcium cycIobarbital ("Polfa" Pharmaceutical Works, 
Tarchomin); (e) Sal Ems factitium, effervescent tablets containing sodium hydrogen carbon- 
ate and tartaric acid as vehicles ("Ziololek" Pharmaceutical-Chemical Co-operative, Poz- 
nafi); (f) Pyrosalofen, tablets containing sodium salicylate ("Polfa" Pharmaceutical Works, 
Starogard Gd.); (g) Sulfamethazinum, tablets containing sulphamethazine ("Polfa" Pharma- 
ceutical Works, Starogard Gd.); (h) Urotropinum, tablets containing hexamethylenetetra- 

mine ("Organica" Chemical Works, L6d2) 

3. Weight loss due to reactions between components  of  an effervescent mixture: 
reactions of  sodium or potassium hydrogen carbonates with citric or tartaric acids, 
resulting in the loss of  carbon dioxide and water. As the reactions occur over a 
temperature range close to that of  the thermal decomposit ion of  the metal hydro- 
gen carbonate, it is difficult to discriminate between the weight losses due to these 
reactions and that due to thermal decomposit ion of  the metal hydrogen carbonate 
in excess. For this reason, only the total content of  acid and hydrogen carbonate 
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can be assessed. The termination of the two processes is not accompanied by a 
distinct plateau. 

4. The weight losses corresponding to inflections in the TG curves, due to the 
formation of intermediates, can be interpreted as follows: (i) a product is formed 
whose composition and structure can be determined, thus facilitating determina- 
tion of steps due to the decomposition of a given component; (ii) neither the com- 
position nor the structure of the intermediate can be established. In this case cal- 
culations were based on the comparison of weight losses occurring between two 
adjacent inflections in the TG curves of a given preparation and of the standard. 
In this case, DTG curves which indicated the beginning and the end of a given step 
were very helpful. 

5. Weight losses due to total evaporation, sublimation or combustion of a com- 
ponent. Quantization of results is possible only for those components whose ther- 
mal decompositions occur over a narrow temperature range, and when no inter- 
ference arises from decomposition of the remaining components. 

Table 1 

Relative errors of determinations of components of pharmaceutical preparations, based 
on appropriate processes of the thermal decompositions 

Number of  Average relative 
Process preparations error, ~o 

1. Dehydration. Loss of: 
A. crystallization water 
B. constitutional water 

2. Decarboxylation : 
A. of sodium hydrogen carbonate 
B. of calcium carbonate 

3. Weight loss due to chemical reaction between 
components of effervescent mixture 

4. Weight loss corresponding to inflections in the 
TG curve. The composition and structure of an 
intermediate: 
A. were established 
B. could not be established 

5. Weight loss due to complete evaporation, subli- 
mation or combustion of the component 

I 
15 

13 
10 

11 

2.6 
6.1 

2.9 
2.9 

6.9 

5.5 
2.6 

5.0 

One of the reasons for a large relative error in the determinations may be the 
poor accuracy of readings of the weight losses from the TG curves. 

Conclusions 

1. There are considerable difficulties in unambiguous determinations of both 
physical and chemical changes due to thermal decomposition of active principles 
and vehicles of pharmaceutical preparations. This point deserves further studies. 

J. Thermal Anal. 17, 1979 



RADECKI, WESOLOWSKI: STUDIES OF SOME DRUG FORMULATIONS 79 

2. The quantitative interpretation of results of the thermal decomposition should 
be based on simultaneously recorded DTA, T G  and D TG  curves, because it is 
difficult to identify chemical reactions from the shapes of the DTA curves alone, 
whilst the TG curves alone do not furnish information about the energetic param- 
eters. 

3. The quantization of results of the thermal decompositions of pharmaceutical 
preparations, based on the TG and DTG curves, is simple, because no calibration 
of the apparatus is required and no time-consuming calculations need be performed. 
Moreover, the results are less dependent on the experimental conditions. Hence, 
the error is smaller. 

4. In this study the active principle could be determined in 60 out of 117 phar- 
maceutical preparations. In two cases two components could be assayed simul- 
taneously. 

5. The possibility of assaying the vehicle when an active principle is present 
in a small quantity, is an advantage of the thermal techniques. 

6. Detailed results of employing DTA and TG  techniques for determination 
of the compositions of 117 pharmaceutical preparations will be presented in due 
course. 
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RI~SUMI~ -- On a 6tudi6 l'utilit6 des techniques ATD et TG pour ddterminer la composit ion des 
prdparations pharmaceutiques sotides et molles. On a soumis h Fexamen un total de 117 pr6- 
parations pharmaceutiques comprenant  des poudres, des talcs, des capsules, des granulats, 
des tablettes, des tablettes h sucer, des tablettes effervescentes, des drag6es, des suppositoires 
et des onguents. Les deux techniques se sont montr6es applicables ~ l 'identification des pr6- 
parations pharmaceutiques. On a effectu6 une sp6cification des processus thermiques qui se 
pr6tent au dosage des composants essentiels des pr6parations. On a donn6 une 6valuation 
approxirnative des erreurs relatives. 

ZUSAMMENFASSUNG - -  Die Eignung der differentialthermoanalytischen und thermogravimetri-  
schen Methoden zur Bestimmung der Zusammensetzung fester und weicher Arzeneipr~iparate 
wurde studiert. Eine Gesamtzahl yon 117 pharmazeutischen Pr/iparaten, einschliesslich 
Pulver, Streupulver, Kapseln, Granulate,  Tabletten, Saugtabletten, Brausetabletten, Dragees, 
Suppositorien und Salben wurde untersucht. Beide Methoden erwiesen sich als anwendbar  
zur  Identifizierung pharmazeutischer Pr~iparate. Eine Spezifizierung der zur Bestirnmung der 
Hauptkomponenten  der Pr/iparate geeigneten thermischen Prozesse wurde durchgef6hrt.  
Eine grobe Sch~tzung der relativen Fehler wurde gegeben. 
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Pe310Me - -  I / h y q e u a  I/pYlMeHnMOCTb ]II~qbqbepeHI~HaYII, H o r o  TepMHqecKoro  n TepMorpaBr lMeTpl t -  

~ e c r o r o  MeTO~OB a n a n n 3 a  ~ n a  o ~ p e ~ e n e n H a  COCTaBa TBepj/bIX ~I MarK~IX ~bOpM n p H r o x o B n e -  
nH~ ~eKapCTB. B~,~nn H3ytleHbI 117 qbapMaUeBTuqecrHx n p e n a p a T o a ,  B~nro~ias n o p o t u K n ,  m ,  i ne -  
Bb~e n o p o m K n ,  KaIIcynbI,  r p a H y ~ b I ,  Ta6JIeTKH, Ta6neTKn ~nfl  a c a c b m a n H a ,  m n n y m a e  Ta6neTK~t, 
~pa>Ke, MeIIHId(IIHCKHe CBeKI~ leI Ma3~I. l-[oKa3aHO, qTO 0 6 a  MeTo~a  rIpHMeHlIMbI ~[JIN H~eHTI4qbHKa- 
I~I~H ~apMaI~eBTllqeCKnX i l p e n a p a T o B .  R p o B e ~ e n a  cIIeIl~IqbHKaltI4fl TepMH~IeCKHX IIpOIIeCCOB, 
KOTOpbIe MOryT 6bITb Ilp~IMeHI~Mbl ~Yi~ anan~I3a  r n a B n b l x  KOMrlOHeHT npe r I apaToB.  ]-Ip~l~yi~i3ki- 
Teyll, rlO o n p e R e n e n b i  OTI-IOCHTeYl/~Hble OHIH6KIt, 
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