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ABSTRACT

The thermal analysis of urea and its decomposition product, biuret, was achieved. The
calorimetric method was found to be suitable for the determination of the purity of utea.
Some selected fatty acids varying in chain length and saturation (butyric, caproic, lauric,
myristic, palmitic, stearic and oleic acid) were also examined. Attempts at their characteriza-
tion and identification were successful. Determination of their boiling or melting points was
possible by thermal analysis.

The possibility of adduct formation between urea and fatty acid was also studied using
either the dissolved urea technique or simply by physical mixing. The stability of the formed
adducts, mechanism of dissociation, their dissociation temperatures and heat of reaction
(A H) were also investigated.

The boiling point, melting point, AH values and decomposition temperatures for each
series studied were found to increase with chain length and decrease with unsaturation.

Various thermal analysis techniques were used, namely, diferential thermal analysis
(DTA), differential scanning calorimetry (DSC), thermogravimetry (TG) and derivative
thermogravimetry (DTG).

INTRODUCTION

Research on urea adducts by thermal analysis has dealt mainly with
n-paraffins [1-7] and some polyesters [8]. In this work, a thorough study of
the thermal behaviour of urea, using various thermal analysis techniques,
was achieved. Similarly, different fatty acids were examined in an attempt at
their characterization and differentiation. Adduct formation between these
fatty acids and urea under various conditions was studied. Correlations
between the thermal behaviour of different adducts and their constituents
were also considered. The possibility of the determination of purity and
some physical constants (melting point, boiling point, decomposition tem-
perature and heat of reaction) using thermal analysis was also investigated.

0040-6031 /84 ,/3$03.00 © 1984 Elsevier Science Publishers B.V.
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EXPERIMENTAL

Materials

(1) Urea (A.R.) May and Baker;

(2) biuret, prepared by heating urea for 1-2 min just above its melting
point [9];

(3) fatty acids, butyric acid (B.D.H), caproic acid (B.D.H.), lauric acid
(Schering Kahlbaum A.B., Berlin), myristic acid (B.D.H.), palmitic acid
(May and Baker), stearic acid (B.D.H.) and oleic acid (Schering Kahlbaum
chemisch Fabrik);

(4) urea adducts with each of the previously mentioned fatty acids were
prepared by the authors;

(5) 1:1 physical mixtures.

Finely powdered urea was thoroughly mixed with each of the previously
mentioned fatty acids in a ratio of 1:1.

Apparatus

(1) Derivatograph, Paulik—Paulik and Erdey (3465), manufactured by
MOM, Budapest, Hungary;

(2) Perkin-Elmer (U.S.A.) DSC-4 differential scanning calorimeter;

(3) Perkin-Elmer thermal analysis data station, “TADS”;

(4) Perkin—Elmer TG S-2 thermogravimetric analyzer;

(5) Perkin-Elmer microprocessor temperature programmer system 4;

(6) Perkin—Elmer AD.2Z microbalance;

(7) Kofler microscope, Reichert (315602), Austria.

Procedures and calculations

Preparation of the adducts [10]

One gram of the fatty acid was dissolved in 25 ml methanol previously
saturated with urea at room temperature. If necessary gentle heat was
applied. Sometimes a few drops of chloroform were added to the solution till
complete homogeneity was attained. The solution was allowed to stand at
room temperature overnight. The crystals of the adduct were then filtered,
washed with chloroform and air dried.

Differential thermal analysis (DTA)

About 0.1 g of the sample (urea, fatty acid, adduct or physical mixture)
was accurately weighed. The sample was examined using Al,O; (previously
heated to 1200°C for 2 h) as a reference, under the following conditions:
heating rate 20°C min~!; sensitivity of the DTA galvanometer 1,/10; tem-
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perature of the sample was raised linearly from ambient (20-25°C) up to
500°C within a time period of 25 min.

Differential scanning calorimetry (DSC)

Two to four mg of the sample were examined in a hermetically sealed
aluminium crucible from 50°C to 150°C at a heating rate of 5°C min~!.
Nitrogen was used as the purge gas.

Thermogravimetry (TG) and derivative thermogravimetry (DTG)
Two to ten mg of the sample were examined starting from ambient
temperature to 500°C. A heating rate of 20°C min~! was generally used.

Determination of melting and boiling points

The Kofler microscope was used for the determination of the melting
points of the fatty acids and the decomposition temperatures of their urea
adducts [11]. Siwoloboff’s method [12] was used for the determination of
boiling points of liquid fatty acids.

Mathematical calculations
The heat of the reaction (A H) and purity determination were achieved as
described previously [13].

RESULTS AND DISCUSSION

Collective DTA curves of urea, each fatty acid, its adduct and physical
mixture with urea are presented in Figs. 1-7. The respective data for DTA
reactions are shown in Table 1. Collective DSC, TG and DTG curves for
urea and representatives of the adducts are shown in Figs. 8 and 9.

The different DSC reactions and their A H values are presented in Table 2
while the thermogravimetric reactions are shown in Table 3. Table 4 repre-
sents the decomposition temperatures of urea—n-fatty acid adducts.

Urea

Urea undergoes three endothermic reactions, the first of which is due to
its melting, Its heat of fusion as determined by DSC was found io be 141.3
cal g~!. The second and third endothermic reactions are due to biuret
formation which undergoes the same reactions (Fig. 10). The melting of urea
was preceded by another endothermic reaction which may be due to crystal
transformation, having a A H value of 1.5 cal g~ 1. From TG and DTG urea
starts to decompose at 120°C, undergoing its main reaction which ends at
225°C with a weight loss of 73.2%. The purity of urea was determined
successfully by calorimetric method and found to be 99.31% (Fig. 11).
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Fig. 1. DTA curves of (a) urea, (b) butyric acid, (c) their adduct, and (d) 1:1 physical
mixture.

Fatty acids

The characterization of fatty acids was found to be possible through their
DTA behaviour. Short-chain fatty acids which are liquids (butyric and
caproic) exhibit two endothermic reactions, while starting from C,, (lauric
acid) an exothermic reaction appears at 310-335°C.

In saturated fatty acids the first endothermic reaction is due to boiling in
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Fig. 2. DTA curves of (a) urea, (b) caproic acid, (c) their adduct, and (d) 1:1 physical

mixture.

TABLE 4

Decomposition temperatures of urea— n-fatty acid adducts

Urea acid DTA TG DSC Kofler

adduct incipient incipient Incipient Peak °O)
°O °O (°C) (°C)

Butyric 110 100 60 69 75

Caproic 80 81

Lauric 105 104 112 1225 100

Myristic 102 105

Palmitic 85 115

Stearic 120 140 116 134 125

Oleic 102 138 105 118 113
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Fig. 3. DTA curves of (a) urea, (b) lauric acid, (c) their adduct, and (d) 1:1 physical mixture.

the case of liquids or melting in the case of solids.

The DTA of oleic acid (C,g:1) shows somewhat different behaviour. It
undergoes three exothermic reactions and one endothermic reaction. The
exothermic peaks are at 140, 281 and 335°C. The first two exothermic
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Fig. 4. DTA curves of (a) urea, (b) myristic acid, (c) their adduct, and (d) 1:1 physical
mixture.

reactions are characteristic of unsaturation in oleic acid. This is probably due
to either partial or complete saturation of the fatty acid by linking together
of neighbouring chains prior to commencement of decomposition [14,15].
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Fig. 6. DTA curves of (a) urea, (b) stearic acid, (c) their adduct, and (d) 1:1 physical mixture.
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Fig. 7. DTA curves of (a) urea, (b) oleic acid, (c) their adduct, and (d) 1:1 physical mixture.

Table 5 presents the melting and boiling points of fatty acids as determined
by DTA and other methods. The melting and boiling points increase with
increase in chain length of fatty acid. In the case of oleic acid, boiling point
determination by DTA was found to be unsuitable.
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Fig. 8. Collective DSC curves for urea ( ), butyric acid adduct (------ ), lauric acid
adduct (- ----- ), stearic acid adduct (- —-—- ), and oleic acid adduct (- X - X -).

Farty acid—urea adducts

DTA of the adducts generally exhibits the first endothermic reaction of
urea. This reaction includes at the start an inflection (in the case of lauric
and oleic acid adducts at 127 and 121°C, respectively) or is preceded by a
small endothermic reaction having its peak temperature in the case of
caproic and palmitic acid adducts at 97 and 103°C, respectively. These

TABLE 35

Temperatures of melting, or boiling, points of fatty acids by different methods

Fatty acid Lit. DTA Kofler or
¢O) O Siwoloboff’s

method (°C)

Butyric 162 187 161

Caproic 205 232 204

Lauric 44-48 48 43

Myristic 54 51 50

Palmitic 63 60 62

Stearic 69 65 67
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Fig. 9. TG ( ) and DTG (- — - — - ) curves for (a) urea, (b) lauric acid adduct, (¢)

butyric acid adduct, (d) stearic acid adduct, and (e) oleic acid adduct.
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Fig. 10. DTA curve of biuret.

inflections or reactions indicate the decomposition of the adducts since they
are not identified on examining the respective physical mixtures.

Other reactions characteristic of urea are identified on examining the
adducts of caproic, lauric, myristic, palmitic, stearic and oleic acids (with
peak temperatures at 274, 280, 271 and 423, 280 and 423, 284 and 425, 270
and 434°C, respectively).

135.0

Temperature (°C)

132.0

129.0 s N N N — N s . . L N
0] 1 2 3 4 S 6 7 8 9 10 N 12 13 14 /F15 16 17
1

Fig. 11. Van’t Hoff plot for urea (mol. wt. = 60.06). Peak from 105 to 140, PA from 129.92 to
133.65; heat of fusion = 8486.57 cal mol~!; TM =132.06; X-correction = 0%; purity = 99.31%.
F = Fraction of the sample melted at the respective temperatures.




64

It is also found that the first endothermic reaction for the acid (boiling or
melting) vanished on examining the respective adducts. This is attributed to
inclusion of the acid within the urea lattice leading to a higher stability of
the fatty acid than in the free state. On the other hand, some characteristic
reactions of the fatty acids are still identified on examining their adducts
such as the endothermic reactions with peak temperatures of 409, 417 and
419°C in the case of butyric, caproic and myristic acid adducts, respectively,
and the exothermic reactions with peak temperatures of 321, 322, 338 and
335°C for myristic, palmitic, stearic and oleic acid adducts, respectively. This
is attributed to the liberation of the acid from the urea lattice at high
temperatures.

Also, there are some inflections characteristic of the adduct itself occur-
ring in the range 250-260°C for short-chain fatty acid adducts and about
265°C for long-chain fatty acid adducts.

On DSC, the adducts of butyric, lauric and oleic acids underge tweo
endothermic reactions with peak temperatures at 69, 122.5 and 117.9°C (first
reaction) and-at 129, 134.2 and 133.4°C (second reaction), respectively. The
heats of the reaction are 4.1, 32 and 21.5 cal g~ (first reaction) and 46.8,
59.7 and 46.2 cal g~ ! (second reaction), respectively.

Stearic acid undergoes one endothermic reaction with peak temperature at
134.6°C and a shoulder is observed at 132.3°C, indicating overlapping
stages. A H was found to be 60.4 cal g~ '. The first reaction may be attributed
to dissociation of the adduct while the second is due to melting of urea. The
temperatures and AH values for these reactions increase with increase in
chain length. The only exception is oleic acid adduct which has values lower
than expected due to its unsaturation which hinders adduct formation.
Although there is more or less similarity in the temperature of the DSC
reaction between urea and its adducts, there is quite a large variation
between the corresponding heat of reaction (AH,). This may be due to
crystal transformation of urea from the hexagonal to the tetragonal form on
liberation of the guest molecule.

" Thermogravimetric and derivative thermogravimetric investigations reveal
that the first decomposition reaction is the main reaction in all cases with the
largest weight loss (70-80%). In the case of butyric and stearic acid adducts
this reaction is preceded by a small reaction which is attributed to loss of
moisture. This is followed by smaller reactions, three in the case of urea, its
butyric and lauric acid adducts, and two in the case of its stearic and oleic
acid adducts. Thus the relation to urea and its various adducts is still
evident.

The stability of the adducts is found to vary according to the guest
molecule. For short-chain fatty acids (butyric and caproic) the adduct is less
stable than both urea and the free fatty acid. This may be attributed to the
small number of carbon atoms of the acid, being at the border of that
required for adduct formation. For other fatty acids of longer chain length
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(lauric, myristic, palmitic and oleic) their adducts are more stable than the
free fatty acid but less stable than urea. In the case of stearic acid its adduct
is more stable than both urea and the free stearic acid.

Thus, it can be concluded that the stability of the fatty acid is increased
by adduct formation with urea, stability increases with chain length and
decreases with unsaturation.

The decomposition temperatures of the prepared adducts were determined
using the Kofler microscope. In some cases these decomposition tempera-
tures are correlated with the starting temperature of the first DTA reaction
(lauric, myristic, stearic and oleic adducts).

Other parameters indicating decomposition of urea adducts are the incipi-
ent temperature of the first thermogravimetric reactions, starting and peak
temperatures of the first DSC peak (Table 4). It is found again that the
decomposition temperature increases with chain length. Oleic acid has its
corresponding values less than stearic acid in spite of having the same chain

length.
h
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by DTA, the reactions characteristic of the respective adducts are more or
less identified indicating adduct formation even on physical mixing. This
was observed by Topchiev et al. [1] using n-paraffin adducts with urea. Also,
in some cases characteristic reactions of the acids which disappear on
examining the adducts are manifested in the physical mixtures. Such reac-
tions are the melting reactions of the fatty acids and the exothermic reaction
of lauric acid. This indicates that in such cases adduct formation on physical
mixing occurs only to a certain extent. Increasing the ratio of urea to the
fatty acid up to 9:1 also gave a very small endothermic peak, indicating that
free fatty acid is still present.
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Fig. 12. DTA curve of 1:1 biuret and lauric acid.
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In an attempt to determine whether the obtained results are peculiar to
the adducts of fatty acids with urea and not to their reactions with biuret,
DTA examination of a mixture of lauric acid and biuret was carried out. It
was found to be not similar to that of the adduct but as the physical mixture
in which the characteristic reactions of the acid are manifested (Fig. 12). This
emphasizes that the previous results are peculiar to the adducts of fatty acids
with urea and not to their reaction with its decomposition product, biuret.
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