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ABSTRACT 

The effect of various solvents on the crystal structure of pure stearic acid crystallized 
from them was studied using X-ray and differential thermal analysis. The latent heat of 
the phase transition, M,, was measured for the two well-defined forms B and C. 

,X-Ray diffractograms are the means for the identification of crystal modifications. 
However, only qualitative information about the composition present in the mixture 
can be inferred from the relative peak intensities. 

Differential thermal analysis of the phase transitions at S°C (for B) and 64’C (for A) 
furnishes quantitative data for each component present m the mixture. 

Values of 0 and 4.9 cal g-l for the phase transition enthalpies were measured for the 
pure C form and B form, respectively. Intermediate values were found for mixtures of C 
and B. 

The interplay between the crystallization conditions (type of solvent, cooling rate 
and flow regime) dictates the formation of various crystal structure modifications 

INTRODUCTION 

Many long chain compounds exist in more than one crystalline form. 
These forms have different lattice energies and sometimes display different 
physical properties. This phenomenon, known as polymorphism, is of both 
academic and practical interest in the field of research and production of 
fats, since the understanding of polymorphic changes is essential for the 
satisfactory blending and tempering of those fats which must maintain a cer- 
tain physical appearance during preparation and storage [ 1,2]. Problems of 
graininess in margarine and blooming in chocolate are related to polymor- 
phic changes [ 31. 

Fatty acids are used as model substances for the study of polymorphism 
of fats because their behavior is analogous in many respects to that of fats 
and they crystallize easily in well-defined polymorphic forms. 

The polymorphism of fatty acids has been studied most extensively using 
X-ray diffraction, infrared spectroscopy, dilatometry and, to some estent, 
their behavior during cooling and heating was followed up [ 2]_ 

Investigators using X-ray and infrared techniques have shown that the 
even-numbered n-saturated acids exist in three forms (A, B, and C) [4-71. 
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Another form (named E) was detected using infrared spectroscopy [S-11]. 
It was demonstrated that the C form is the most stable thermodynamically 
and may be obtained by solidification of the melt and sometimes by crystal- 
lization from a polar solvent [ 71. 

Crystallization from a non-polar solvent usually gives either the -4 form or 
the B and C forms together. It is well established that, when heated, A and B 
forms are transformed irreversibly to the C form before melting so that it is 
the melting point of the C form which is always measured [6]. 

Specific heats, heats of crystallization, and heats of transition of the long 
chain fatty acids were measured by Garner et al. over a period of ten 
years [9,10]. Their results summarized efforts in measuring those values by 
old techniques. 

Bailey et al. [ 111 ascribed the nature of fatty acid crystals to the tempera- 
ture-concentration characteristics in their formation regardless of any pos- 
sible effect of the solvent. In general, mi..Ltures of B and C were said to be 
formed between 20 and 30°C. 

The stability ranges of the different modifications of the normal chained 
fatty acids were studied by X-ray diffraction by Von Sydow and co-workers. 
Phase transitions at 46°C and 54’C were determined for forms B and A, 
respectively [ 6,7]. 

No attempts have been made to evaluate these phase transitions quantita- 
tively. Studies carried out by our group showed that the nature of the sol- 
vent, the cooling rate and the presence of impurities can affect the nature of 
the crystalline modification of the fatty acid obtained and, in many cases, 
several modifications are present in a mixture [ 121. 

Phase transition energy changes can be easily measured using DTA tech- 
niques. From these values, the percentage of each modification present in 
the mixture can be calculated. This study compared the composition deter- 
minations of mixtures of polymorphs carried out by X-ray and DTA for 
various stearic acid samples crystallized from different solvents under various 
conditions. 

EXPERIMENTAL 

Materials 

Stearic acid from BDH chemicals was purchased at >99.5’% purity and was 
further purified by repeated crystallization from ethanol. The absence of im- 
purities, except for palmitic acid (cl%), was established by gas chromatog- 
raphy. The melting point was 69.5”C and elemental analysis showed C = 
76.30% (calcd. 76.06%) and H = 12.60% (calcd. 12.68%). The fatty acid was 
in the C form according to X-ray measurements. 

The solvents for crystallization were spectroscopic grade purchased from 
Malinkrodt and Baker and were used without further purification. 

, 
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Crystallization techniques 

All the experiments were carried out in a thermostatic bath with con- 
trolled cooling profile. Crystallization temperatures were in the 20-30’C 
range. 

Analytical methods 

Simultaneous DTA, TG, and DTG determinations were carried out on a 
Mettler thermoanalyzer under a controlled dry nitrogen flow of 5 1 h-‘. The 
samples were in the range of 50-70 mg and the heating rate was 2°C mm-‘. 

The DTA sensitivity was 50 E.~V f.s.d. 
The latent heat of melting (4H,,.,) and of polymorphic transition (MY,) 

were calculated from DTA peak areas. The calibration for the heat of transi- 
tion (which occurs in the range 54-65”C) was carried out with lauric acid 
which has a melting point at 40-43°C and a latent heat of melting of 43.72 
cal g-‘. The heat of fusion of indium was also used as a reference (6.8 cal 
g-l). X-Ray measurements were carried out on carefully ground powder with 
a Philips diffractometer using Cu radiation and Ni filter. Diffraction analysis 
was repeated several times using samples crystallized from various solvents 
under different conditions_ 

RESULTS 

The X-ray diffraction patterns of pure C form and pure B form compared 
with a mixture of both, are illustrated in Fig_ 1. The marked differences 
between the modifications are in the area of 20 = 5-l”. The DT_\ curves for 
phase transition and melting of stearic acid crystalhzed as pure C form (from 
hexane) and of pure B form (from benzene) are shown in Fig. 2. The DTX 
curves of stearic acid crystallized from hesane at 0.03”C min-’ and at 1.0” C 
min-’ are demonstrated in Fig. 3. 

Table 1 summarizes the heats of transition of stearic acid crystals precip- 
itated from four different solvents in quiescent and stirred systems cooled at 
the rate of ca. 0.03”C min-‘. In addition, an estimation of the relative 
amounts of the C and B forms as indicated by the peak intensities character- 
istic to their respective X-ray diffractograms are listed. 

Pure C form was obtained at the slow cooling rate from a quiescent 
hexane solution. No heat of transition was detected for these crystals (OH, = 
0) confirming that they are the stable C form. The pure B form was also ob- 
tained from hexane solution but with different flow regime, i.e. with con- 
stant stirring. In this case, a significant latent heat of 4.9 cal g-’ accompanied 
the phase transition of the crystals from B to C. 

The interesting cases are those in which it is difficult to estimate the rela- 
tive amounts of B and C in mixtures. The results according to X-ray dif- 
fractograms are given for crystals obtained from stirred benzene solution as 
B > C and from stirred acetone solution where C form is clearly dominant as 
C >>> B. The heats of transition were AH, = 1.7 cal g-’ and AH, = 0. 
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Fig. 1. The X-ray diffraction pattern spectrum of pure C form compared with pure B 
form and a mixture of both forms. 

Fig. 2. DTA curves of phase transition and melting of steaiic acid crystallized as pure C 
form and as pure B form. 

Fig. 3. DTA curves of phase transition and melting of stearic acid crystallized from 
hesane at 0.03’C min-r and l.O’C min-’ in stirred systems. 

TABLE 1 

Heat of phase transition [at 54’C) of pure stearic acid crystallized from various solvents 
in quiescent and stirred systems at a cooling rate of ca. 0.03OC min-r 

No. Solvent Condition of 
crystallization 

Tc 
(OC) 

mt 
(cal g-r) 

X-Rays 

Hexane 
Hexane 
Benzene 
Benzene 
Acetone 
Acetone 
Ethanol 
Ethanol 

Quiescent 
Stirred 
Quiescent 
Stirred 
Quiescent 
Stirred 
Quiescent 
Stirred 

30.5 0 C 
30.8 4.9 B 
26.7 3.2 B 
28.3 1.7 B>C 
26.2 0 C>>B 
27.0 0 C>>>B 
24.9 2.6 B>C 
25.7 3.6 B 
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respectively. It therefore seems established that whenever B form is present 
in a mixture, a detectable heat accompanies the transition to C, falling short 
of -5 cal g-’ when C is also present. When the amount of B is very small 
compared with C, it may be undetectable by the heat effect. 

Pure B form was obtained from a quiescent benzene solution, according 
to X-ray diffractogram (Table 1). However, the heat of transition was only 
3.2 cal g-i indicating some admixture of C. When the heat was slightly lower, 
2.6 cal g-i as for the crystals obtained from a quiescent ethanol solution, the 
amount of C was large enough to appear in the X-ray diffractogram. As for 
the crystals from the quiescent benzene solution, the only indication of the 
presence of an admixture of C was the low heat of transition. 

It is clear that the DTA determination is more exact with respect to 
admixture detection than the X-ray diffractogram. Mixtures are notoriously 
non-homogeneous and the relative amounts of components detected depend 
strongly upon sampling. The samples used for DTA are significantly larger 
than those used in X-ray analysis thus improving the chances of obtaining 
more realistic results. 

Additional evidence to this effect is given in Table 2. It is interesting to 
note that an increase in cooling rate, which increases the supersaturation and 
enhances the nucleation rate, causes changes in the mixture composition 
which in some instances is startling. For instance, with high cooling rate the 
B form was predominantly obtained from the quiescent hexane solution, 
whereas at a cooling rate of 0.03”C min-I, pure C was obtained. The crystals 
(sample 1, Table 2) had a heat of transition of 2.8 cal g-l. In fact, the crys- 
tals from mixtures characterized by the ratio B >> C all had heats of transi- 
tion of about the same value (samples 1-3, Table 2). A slightly higher value 
of 3.14 cal g-l corresponded to a mixture with only a very small amount of 
C (sample 4, Table 2). However, the conformity cannot be taken as absolute. 
When the values of tranSition heat were 2.7-3.0 cal g-’ (samples 7 and 8, 
Table 2), the X-ray diffractogram did not show the presence of C. This 
phenomenon is connected with crystals precipitated from ethanol (cf. Table 
1). 

TABLE 2 

Heat of transition of pure stearic acid crystallized from various solvents at a cooling rate 
of l°C min-’ 

No. Solvent Conditions of 
crystallization 

mt 
(cal g-‘) 

X-Rays 

1 Hexane 
2 Hexane 
3 Benzene 
4 Benzene 
5 Acetone 
6 Acetone 
7 Ethanol 
8 Ethanol 

Quiescent 
Stirred 
Quiescent 
Stirred 
Quiescent 
Stirred 
Quiescent 
Stirred 

23.8 2.8 B>>C 
27.7 2.7 B>>C 
24.8 2.8 B>>C 
26.5 3.14 B>>>C 
24.2 0 C>B 
26.3 Cl C>B 
19.3 2.7 B 
23.1 3.0 B 
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The mixture composition of stearic acid polymorphs is the outcome of a 
complex interplay of many parameters including solventsolute interaction, 
rate of supersaturation formation, flow regime, temperature, etc. In some 
instances, pure forms crystallize but in many experimental conditions, a mix- 
ture of polymorphs is formed. No comprehensive theory has yet been 
proposed by the numerous investigators of the crystallization of fatty acids 
as to the effect of crystallization conditions on the nature of the crystals. 
Part of the difficulty may have stemmed from the inaccurate data concerning 
the crystallographic forms obtained and analyzed by the non-quantitative 
X-ray technique. The combination of DTA and X-ray may contribute to a 
more accurate evaluation of the composition of fatty acid crystal mktures 
thus facilitating the understanding of the conditions of their formation- 
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