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ABSTRACT 

The anomalous exothermic peak of calcium oxalate monohydrate (CaC,O,.H,O) at about 
90°C was investigated using the principle of chemical adsorption. The anomalous peak is 
due to chemisorption at the surface of the sample. The activation energy of adsorption 
E,, = 36.25 kJ mol-’ was calculated using the method of Kissinger. 

INTRODUCTION 

The effects of variations in experimental parameters on the shape of the 
DTA curve are numerous. Equipment variables and sample variables can 
affect the DTA curve [l-3]. The initial deviation of the DTA curve (the 
DTA baseline deviates significantly after heating for a short time) due to 
adsorption is a common phenomenon which affects both qualitative and 
quantitative analysis of the DTA curve. There is little information about this 
phenomenon in the literature. By comparing the DTA curve of a sample 
under normal pressure conditions with that of a sample in a vacuum, it can 
be seen that chemisorption of the sample exists, certainly during a pro- 
grammed heating process. This paper reports that chemisorption causes an 
anomalous exothermic peak and results in the deviation of the DTA 
baseline. 

EXPERIMENTAL 

Methods 

DTA was carried out using an LCT-1 thermobalance (manufactured by 
the Beijing Optical Instrument Factory) in static air and in a vacuum. 
Samples of about 10 mg were used and the heating rate was 15 “C mm’. 
Al,O, was employed as a reference material. 
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Samples 

Calcium oxalate monohydrate (A) is a “calibration standard” material for 
both DTA and TG. It was obtained from the Beijing Optical Instrument 
Factory. The sample was in the form of small granules. 

Calcium oxalate monohydrate (B) is analysis grade reagent. It was ob- 
tained from Shanghai Chemical Reagent Co. The sample was in the form of 
very small granules. 

Both samples were dried at 80°C for 2 h. 

RESULTS AND DISCUSSION 

The DTA curves of calcium oxalate monohydrate ((A) and (B)) are shown 
in Fig. l(a). An anomalous exothermic peak can be seen in the DTA curve 
of calcium oxalate monohydrate (B) between ambient temperature and 
about 100 “C. The rest of the DTA curve is the same as that of calcium 
oxalate monohydrate (A). The anomalous peak results in a large deviation of 
the DTA baseline of calcium oxalate monohydrate (B). The area of this peak 
in the DTA curve of calcium oxalate monohydrate (B) decreases signifi- 
cantly under vacuum conditions (see Fig. l(b)). The anomalous exothermic 
peak may be related to gas adsorption. 

The thermal decomposition of calcium oxalate monohydrate takes place 
as follows 

CaC,O, - H,O 150-2450c )CaC,O, + H,O (I) 

CaC,O, 390-495 o ’ EaCO, + CO 

CaCO, 8500CKa0 + CO, 

(2) 

(3) 
Therefore in the DTA curve of calcium oxalate monohydrate, two endother- 
mic peaks (due to the dehydration of the sample and the thermal decomposi- 
tion of CaCO,) and one exothermic peak (caused by the oxidation of CO 
with 0, in air) can be seen. Obviously, the exothermic peak which char- 
acterizes the thermal decomposition of the sample does not exist in the 
temperature range from ambient to about 100°C. 

Investigation of the anomalous peak using the principle of chemical adsorption 

r41 

For every atom surrounded by other identical atoms in the interior of a 
solid, the mutual force of attraction is saturated. However, for an atom on 
the surface of a solid, the force is not saturated because the force of 
attraction between the interior atoms of the solid and the surface atom is 
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Fig. 1. (a) DTA curves of CaC,O,.H,O ((A) and (B)). (b) DTA curves of the anomalous 
exothermic peak of CaC,O,.H,O (B): -, normal pressure; -.-.-, vacuum (10e3 

mmHg). 

greater than the force of attraction between the gas molecules and the 
surface atom. If an atom is moved from the interior of a solid to the surface 
energy must be expended. The extra energy of the solid (or liquid) surface is 
called surface energy. When gas molecules come into contact with the 
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surface of a solid, the surface of the solid tends to reduce its surface energy 
by attracting the gas molecules using the van der Waals’ force or the residual 
force between two atoms. The phenomenon is called adsorption. If the 
adsorbed molecules react chemically with the surface, the phenomenon is 
called chemisorption. Chemisorption is similar to a chemical reaction. Ini- 
tially, gas molecules form an adsorption bond, which is similar to a chemical 
bond; then they form surface compounds with the surface of the solid. Since 
chemical adsorption bonds are broken and formed in the process of chemi- 
sorption, this process produces adsorption heat which has the same range of 
values as a chemical reaction, i.e. from a few kilocalories to as high as 100 
kcal [5]. The heat is given by the thermodynamic formula 

AG=AH-TAS (4) 

when AG < 0, i.e. chemisorption takes place spontaneously, the state of 
movement of the gas molecules after adsorption is more restricted than 
before adsorption, so that AS < 0. If AG < 0 and AS < 0, then AH is also 
negative. A negative AH value proves that chemisorption is an exothermic 
process, which results in an exothermic peak. Therefore the anomalous peak 
in the DTA curve of calcium oxalate monohydrate (B) can be explained as 
being due to chemisorption. 

Calculation of the activation energy of chemisorption using the method of 
Kissinger [6] 

According to the Arrhenius equation of the relationship between the rate 
constant k and temperature T, we have 

da/dT= (A/P) exp( -E/RT)(l - a)” (5) 

assuming that the maximum rate of a reaction is at the maximum peak 
temperature, so that 

d2a/dT2 = 0 (6) 

The maximum peak temperature T, is substituted into the differential form 
of eqn. (5) 

p/T: = (AR/E) n(1 - a)n-l exp( -E/RT,) 

Converting eqn. (7) to natural logarithms, we obtain 

(7) 

(ln p)/Ti = ln[ (AR/E) n(l - a)“-I] - E/R l/T, (8) 
It is apparent that the plot of (In /3)/T: vs. l/T, will yield the activation 

energy from the slope of the line. Some T, values of the chemisorption peak 
of calcium oxalate monohydrate (B) at various heating rates are listed in 
Table 1. Figure 2 shows a plot of (In /3)/T: vs. l/T, for chemisorption of 
the sample. The slope of the straight line in Fig. 2 is k’ = 4.36 x 103; 
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TABLE 1 

Some T, values of chemisorption of CaC,O,. H,O (B) at various heating rates /? 

/I (“Cmin-‘) T, (K) l/T, x~O-~ (In P)/G 

5 336 2.976 - 10.025 

10 353 2.833 - 9.430 

15 363 2.755 - 9.081 

20 370 2.730 - 8.831 

TABLE 2 

Some T, values of dehydration of CaC,O,-H,O (B) at various heating rates p 

p (“C min-‘) T, (W l/T,, x 1O-3 (In P)/Ti 

5 457 2.188 - 10.640 
10 469 2.132 - 10.00 
15 472 2.199 - 9.606 

20 480 2.083 - 9.352 

therefore, the activation energy of chemisorption for calcium oxalate mono- 
hydrate (B) is Ead = k’R = 4.36 x lo3 x 8.314 = 36.25 kJ mol-‘. 

In order to examine the E,, value, the dehydration peak of calcium 
oxalate monohydrate (B) in the same DTA curve is treated using the method 
of Kissinger (see Table 2 and Fig. 3). The activation energy of dehydration 
Ed,, for calcium oxalate monohydrate (B) is 99.57 kJ mol-‘. By comparing 
this experimental value with the literature value (92.1 kJ mol-‘) it can be 

l/Trr~lO-~, K-’ 

Fig. 2. Plot of (In j?)/T$ vs. l/T, for chemisorption of CaC,O, . Hz0 (B). 
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Fig. 3. Plot of (In p)/Ti vs. l/T, for dehydration of CaC,O,-H,O (B). 

seen that the experimental error is in the range of the thermal analysis error. 
Therefore the values of both E,, and Ed,, are reliable. 

CONCLUSIONS 

The DTA baseline deviation caused by chemisorption differs from that 
caused by equipment variables and sample variables, because chemisorption 
is similar to a chemical reaction and results in a large change in the DTA 
curve. When chemisorption occurs on the surface of a solid sample in the 
temperature range from ambient to a slightly higher temperature, either an 
exothermic peak will be observed in the DTA curve or the DTA baseline 
will deflect towards the exothermic direction so that a new DTA baseline 
will be obtained after chemisorption is complete. This phenomenon is called 
the chemisorption effect on the DTA baseline. If we consider the factors 
which affect the DTA curve, other than sample variables and equipment 
variables, the chemisorption effect is the most noticeable, especially in the 
case of an initial large deviation of the DTA baseline. 
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