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A complex system including thermoanalytical methods, infrared spectroscopy and X- 
ray powder diffraction for studying physico-chemical behaviour of binary mixtures is de- 
scribed. This system has been tested by investigating binary mixtures of  amphetamine 
hydrochloride salts. 

These studies have proved that among the selected compounds the primary and secondary 
amine hydrochloride salts exhibit conglomerate forming tendency, while the tertiary amine 
hydrochloride salts form molecular compounds (racemates). For the p-fluoro amphetamine hydro- 
chloride the existence of two polymorphic modifications has been detected. 
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Introduction 

In the pharmaceutical industry the most interesting mixtures are the binary 
mixtures of stereoisomers (both diastereoisomeric and enantiomeric mixtures) 
and those of the polymorphic modifications. 

For the differences in the useful biological activity of the mirror image iso- 
mers [1], their separation is a crucial question on laboratory as well as on indus- 
trial scale. In the case of chiral compounds the quality of the interaction in the 
solid state has a great influence on the selection of the enantiomer separation 
method [2], and the use of the complex system for studying physico-chemical 
behaviour of binary mixtures can facilitate and accelerate the elaboration of new 
optical resolution methods (which is the field of activity of our research team). 
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This system is specified to detect and identify the quality and the compo- 
nents of enantiomer-mixtures and mixtures of polymorphic modifications. Its 
use may reveal and prove other important features of the given compound con- 
nected with the structure of the solid state. Thus conglomerate crystallization 
ability, polymorphism and the effect of solid-vapour equilibrium are also detect- 
able. 

What makes the use of this system necessary might the question arise. 
It is well known that the components of binary mixtures can be distinguished 

by 'almost traditional' instrumental methods like infrared spectroscopy, density 
measurement, and thermoanalytical methods, like thermogravimetry, hot stage 
microscopy, DSC and other more expensive analytical methods like solid state 
NMR and single crystal X-ray diffraction [3]. 

However, the output of any of the individual methods can be misinterpreted 
therefore their appropriate combination would only provide unambiguous infor- 
mation about the nature of the investigated binary system. 

In the following an interview is given on the scope and limitations of the in- 
dividual methods in distinguishing and characterizing the components of binary 
mixtures and in identifying the interactions between the components in solid 
state. The applicability of the system is illustrated by the complex study of the 
differently substituted HC1 salts of I~-phenyl-isopropyl amines (Table 1). 

Table 1 Model compounds 

Compounds number X R1 R2 C H 3 

l N/R~ 
II F H H H--C -- 

] \ R 2  
III H H CH3 CH2 

t 

V F H CH3 ( ~  

VJ V H CH2-C-=CH CH3 

VI F CH2-C-=CH CH3 X 

.HOt 

A complex system for studying physico-chemical behaviour of binary mixtures 

Having chemically identified samples, first the DSC and the thermogravime- 
tric measurements are to be performed. If weight loss takes place at a tempera- 
ture, where a DSC peak was recorded, it can be considered either as chemical 
decomposition, or decomposition of solvates. Knowledge of the circumstances 
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and the use of EGA (Evolved Gas Analysis) can help us to distinguish them. 
With the combined use of DSC and thermogravimetry the sublimation can also 
be detected. 

If there is no weight loss correlated with a DSC peak, the latent heat can rep- 
resent an isomerization reaction, a polymorphic transition, or the melting of the 
substance. An easy distinction between the chemical isomerization or polymor- 
phic transformation can be made by infrared spectroscopy. With the aid of the 
hot stage microscope it is easy to distinguish a polymorphic transformation from 
the melting process. 

The combination of the above methods is shown in Fig. 1. 
The system provides the following information on the individual and the 

two-component mixtures: melting points, heats of fusion, heats of transition, ex- 
istence and relative stability of polymorphic modifications, the sublimation abil- 
ity at atmospheric pressure. This set of data enables us to construct the binary 
phase diagram with the aid of the Schr0der van Laar and the Prigogine-Defay 
equations [2] (provided the system is nearly ideal), thus decide about the nature 
of the interaction between the components e.g. the solid state is composed of the 
mechanical mixture (conglomerate - one eutectic), molecular compound (two 
eutectics) or solid solution (no eutectic) formed from the crystalline substances 
[2]. 

All these thermal effects as well as the vibration frequence and intensity dif- 
ferences between the infrared spectrum of the racemate and those of the en- 
antiomers, and similarly between the spectra of the polymorphic modifications 
are to be attributed to the different molecular conformation and/or arrangement 
in the crystal lattice [4]. 

More information on the structural properties of the investigated substances 
can be obtained by X-ray crystallography (powder and single crystal measure- 
ments). 

Binary mixtures of amphetamine derivatives 

The reported system was tested by a number of amphitamine derivatives 
(Table 1) in order to check its applicability and reliability in identifying con- 
glomerate/molecular compound formation of the individual enatiomers and in 
discovering polymorphic modifications (if any). 

The thermoanalytical characteristics are compiled in Table 2. 
The studied compounds exhibited practically negligible decomposition (less 

than 2%) before melting. (To avoid the unwanted decomposition we used her- 
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met i ca l ly  c losed  sample  holders .)  Binary  mix tures  of  mir ror  i m a g e  i somers  were  

de tec ted  for compounds  ( - ) - I I ,  (+ ) - I I ,  ( + ) - I V / A ,  ( - ) - V / A  and  ( + ) - V I / A .  

Bes ides ,  the t he rmograv ime t r i c  measurement s  i nd i ca t ed  that  al l  o f  our  com-  

pounds  subl ime even at  room temperature .  

Table 2 Data obtained using thermoanalytieal (thennogravimetry and DSC) methods 

Compound number T1 / K AH1 / j.g-1 7"2 / K AH2 / j.g-I Comments 

(:l:) - II 429.3 116 

(+) - II/A 470.7 132 

(+)-II/B 465.9 * 467.4 * 1) 2) 

( - ) - I I  430.9 10.5 462.4 113 1) 2) 

(+) - II 428.0 18.4 458.7 14.5 1) 2) ^ 

(+) - III 405 119 

(-) - III 446 138 

(+) - IV 386.9 106 

(-) - IV/A 425.9 127 

( - ) - I V  390.7 107 402.7 10.7 1) 2) ^ 

(+) - V 402.9 100 

(-) - V 415.8 102 

( - ) -VIA 400.8 111 1) 2) n # 

(+) - VI 414.5 88.1 

(+) - VI 439.1 101 

(-) - VI 437.0 102 

(+)-VI/A 417.0 106 426.1 12.8 1) 2) n 

t) polymorphism? 
2) mixture of mirror-image isomers? 
* can not be integrated separate 
A peak temperatures of the melting 
# expanded melting 

T1 temperature of the first peak 
At/, enthalpy of the first peak 
T2 temperature of the second peak 
An2 enthalpy of the second peak 

Our  observa t ions  were  conf i rmed  by  the compar i son  o f  the inf rared  spec t ra  

of  the op t i ca l ly  pure  and racemic  subs tances  and by  thei r  v i sua l ly  t r aced  behav i -  

our  on hot  s tage microscope .  

Hea t ing  the sample  on a hot  s tage mic ro scope  a c lea r  d i s t inc t ion  can be  made  

be tween  a mono tonous  mel t ing  p rocess  and a p o l y m o r p h i c  t rans i t ion .  F o r  the 

c o m p o u n d  (+)-I I /B the t rans format ion  of  the p o l y m o r p h s  was  fo l l owed  v isua l ly  

as it is shown by the images  in Fig .  2. 

The eva lua t ion  of  the data  led  us to the conc lus ion  that: 
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Fig. 2 The polymorphic transition of the p-fluorinc-amphetamine-hydrochloride 
[(+)-II/B].Image A: Crystals at 460 K Image B: Upon healing by 1 deg/min, a part of 
the crystals stairs to melt (indicated by the arrow) at 466 K Image C: By 469 K, the 
molten crystal got recrystallized. (At 271 K the crystals melt again) 
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a) The p- f luoro-amphetamine  hydrochlor ide  salt can exist  in two polymor-  

phic modifications. 

b) The enant iomers  of  pr imary and secondary  amine hydrochlor ides  in the 

studied family of  compounds  form conglomerates ,  while the tertiary amine hy- 

drochlorides exhibit molecular  compound  forming tendency (Table 3). 

Table 3 Data and information obtained from the binary phase diagrams 

Data used for the binary, phase diagram 
calculations 

Comp. no. TE 1 K TR / K AHE / j.g-I AHR / j.g-I 

Conclusions obtained from the binary phase 
diagram 

Teut / K x~t A B Verification 

II 470.7 429.3 132 116 

III 446 405 138 119 

IV 425.9 386.9 127 106 

V 415.8 402.9 102 100 

VI 439.1 414.5 101 88.1 

424.6 0.5 + IR 

405.3 0.5 + IR 

389.0 0.5 + IR 

396 0.72 + IR 

412 0.64 + IR 

A) Conglomerate 
B) Molecular compound 
IR Infrared spectroscopy 
TE Melting point of the enantiomers 
TR Melting point of the racemate 

AHE Heat of fusion of the enntiomers 
AHR Heat of fusion of the racemate 
Teut Melting point of the eutectic 
Xeut Composition of the eutectic 

Our studies revealed that this complex system is suitable not  only to identify 

conglomera te /molecular  compound  formation,  but  it can help in indicating and 

identifying existing polymorphs  and polymorphic  t ransformations induced by 

heating. 

The authors are grateful to D. Kozma (Department of Organic Chemical Technology) 

for the thermoanalytical data of compound III, to Prof, E. Fogassy for the fruitful discus- 

sion. 
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Z u s a m m e n f a s s u n g -  Zur Untersuchung des physikalisch-chemischen Verhaltens bin~irer 
Gemische wird ein komplexes System, bestehend aus thermoanalytisehen Methoden, IR 
und R6ntgendiffraktion nach dem Debye-Scherrer-Verfahren, beschrieben. Dieses System 
wurde an bin~en Gemischen von Amphetaminhydroehloridsalzen getestet. 

Die Untersuehungen zeigten, dab yon den gew~ihlten Verbindungen die Hydroehloride 
der primiiren und sekund~iren Amine eine Tendenz zur Konglomeratbildung zeigen, 
w~ihrend die Hydrochloride der terti~iren Amine Molekiilverbindungen (Raeemate) bilden. 
Fiir p-Fluoramphetamin-Hydroehlorid wurde die Existenz yon zwei polymorphen Mod- 
ifikationen naehgewiesen. 
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