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Due to the increasing importance of quantified results of dynamic calorimetric measurements, 
the influence of sinNe experimental parameters has been studied by some authors. We found that 
these results can be represented correctly only in a complex form. According to this experience, 
the experimental parameters were changed on the basis of statisticalIy planned experiments. The 
numerous measurements were carried out with samples of indium, 1,3-dinitrobenze and polyethy- 
lene prepared in different ways. The results were evaluated in a complex form. The evaluation of 
the experimental data revealed a significant influence of the substance properties and the ex- 
perimental parameters. 

Due to their efficient performance and adaptability, the methods of 
dynamic calorimetry (power DSC, heatflux DSC, quantitative DTA) have 
proved a success. One of the numerous applications is the investigation of 
solid-liquid phase transitions. The results of these measurements are influ- 
enced by the experimental parameters and the properties of the investigated 
substances. 

Some authors [1-9]  have studied the influence of only one or two ex- 
perimental parameters on the results of dynamic measurements. In our 
opinion, such measurements do not adequately consider the multiple effect 
of the thermal resistances within the sample and in the contact between the 
sample and the sensor. Therefore, we have attempted to record the influence 
of the experimental parameters sample mass (rn), sensitivity (E) and heating 
rate (/3) on the solid-liquid transition in a complex manner. 

Both the temperatures and shapes of the recorded peaks were investigated. 
Measurements were made with a Perkin-Elmer DSC-2 differential scanning 
calorimeter, connected to a recorder. 

The following substances, prepared in different ways, were investigated; 
- indium: chips; 
- 1,3-dinitrobenzene: powder, tablet and solid molten mass; 
- po lye t hy l e ne  (Mw = 238,000 g/mol): powder, tablet and foil. 
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Special interest was devoted to 1,3-dinitrobenzene as a typical agent of  
common samples. Its thermal conductivity is given in [10]: 

1,3-dinitrobenezene: - powder: X =  0.06 W/m deg 
- tablet: X ~--- 0.10 W/m deg 
- solid molten mass: X = 0.15 W/m deg 

The recorded peaks were characterized according to [ 11 ], as shown in Fig. 1. 

r .  r 0 

Fig. 1 Typical DSC peak of a phase transition 

To find the relationships T a , o , m , e  ' = f (m,E,~),  we varied the experimental 
parameters according to statistically planned experiments. This was done 
separately for each substance and preparation. 

The enthalpy changes of  the solid-liquid transitions were determined from 
the peak areas by means of  a planimeter. Such determinations are opt imum 
only if the peak areas have the shape of  an equilateral triangle. This may 
be achieved through an appropriate selection of the experimental param- 
eters. 

To characterize the shape of  the peak, we defined a shape fac to ry :  

y = 0 . 5 . x / - 5 ,  (Te - To)/h ( 1 )  

where (Te - .  To)represents a length. Shape factor y has the following mean- 
ings: 

y ~ _  

y >  
y <  

1 : the shape of the peak is an equilateral triangle; 
1 : the shape of  the peak is an obtuse-angled triangle; 
1 : the shape of  the peak is an acute-angled triangle. 

To interpret the results, we have defined limiting values for the height of  
the peak and the shape factor itself: 
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From the mult i tude of  results, we present only some typical examples in 
this paper. Detailed results will be given in [ 12]. 

We found correlations between the peak temperatures and the experi- 
mental parameters, e.g. for 1,3-dinitrobenzene, solid molten mass: 

Trn = 3 6 1 . 7 - 0 . 0 3 1 9 * E + 0 . 3 6 8 5 * m  +0.420, /3+0.011 * E * m 

+0.0193 *m * 13 - 0 . 0 2 2 5 4  * m = - 0 . 0 0 9 9  */32 (2) 

where Tm is given in Kelvin, m in mg, E in mcal s -1 , and/3 in deg min -1 . 
The residual standard deviation was SR = 0.18 deg. 

Other functions not  mentioned are analogous in form. Correlation (2) 
confirms our assumption that the influence of  the experimental parameters 
on the peak temperatures may be exactly described only by complex con- 
siderations. The evaluation o f  single dependences leads necessarily to in- 
complete  findings. 
Figures 2 and 3 show the peak temperatures as functions of  the sample 
mass and the heating rate for 1,3-dinitrobenzene. 
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Fig. 2 Peak t empera tu re s  as a func t ion  of  sample  mass ( l , 3 -d in i t robenzene) .  E = 5 mcal /s ;  
/3 = 5 deg /min ;  PV = 40  ram/rain .  
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Fig. 3 Peak temperatures as a function of heating rate (l ,3-dinitrobenzene).  E ~ 5 mcal/s; m ~--- 5 mg; 
PV = 40 mm/min.  

In conclusion, it can be stated that: 
- Of the caharacteristic temperatures Ta, To, Tm and Te of a DSC peak, 

the extrapolated onset temperature To is the least influenced. This supports 
the recommendation [1, 13] that the onset-temperature should feature as 
well-defined measuring quantity. 

- T h e  small increase in To with increasing heating rate indicates the 
problems of heat transport. This effect is observed most clearly for the 
powder sample. 

- Obviously, the dependence of Ta and Te is attributable to the better 
visual perceptibility owing to the higher sample mass (Fig. 2) or the higher 
heating rate (Fig. 3). In addition to this effect, problems of heat transport 
become apparent with increasing heating rate. The result is that the Te curves 
are shifted strongly to higher values. The sample with the lowest thermal 
conductivity (powder) exhibits this behaviour more distinctly than the other 
samples. 

- The influence of the sample condition on the shape of the peaks is 
shown in Fig. 4. These curves confirm the calculations on the basis of the 
investigated functional relationships. 
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Fig. 4 Influence of sample state on the peak shape (l ,3-dinitrobenzene).  E = 5 mcal/s; m = 5 mg; 
13 = 2,5 deg/min; PV = 40 mm/min.  

- Figure 5 shows the characteristic temperatures found under constant 
conditions. Even at the low heating rate of  2.5 deg rain -1, the thermal 
conductivity of the sample exerts a strong influence on the measured 
temperatures, with the exception of  the extrapolated onset-temperature. 
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Influence of the sample state on the peak temperatures (l ,3-dinitrobenzene).  E = 5 meal/s; 

rn = 5 mg;/3 = 2,5 deg/min; PV = 40 mm/min.  
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- O n  account of  the very good thermal conductivity of  indium, 
X = 86.0 W m -~ deg -~ [14], the characteristic temperatures are found 
in a small temperature range (Fig. 6). The dependence of  these temper- 
atures on the heating rate will be registered only at higher heating rates. 

& 

@ Io,,,or. j 

~3o ~- _ _~-J____zp,i-0_2_ 

z,~! I I I ~~1  To -__ 

Z50 5.00 10.00 20.00 
13:pdeg/rnin 

Fig. 6 Peak t empera tu r e s  as a func t ion  of  hea t ing  rate ( indium).  E ~ 5 mcal/s ; ,  m = 5 rag; 

PV = 40  m m / m i n .  

- The differences within the melting range of  the investigated substances 
are shown in Fig. 7. The large melting range of  the polyethylene sample 

can be clearly seen. 
- T h e  discussed differences with respect to  the thermal conductivity,  

caused by the different natures of  the substances and by the modes of  
preparation of  the samples, also influence the shape factor y ,  as can be seen 
in Fig. 8. When the sample mass, chart speed, sensitivity and heating rate 
are kept constant, flatter peaks are obtained for the 1,3-dinitrobenzene 
powder  than for tablet o f  the same substance. 

- As can be expected with of  power-compensat ion DSC, the enthalpi- 
metric result is independent o f  the experimental parameters if the shape 
of  the peak is favourable for determination of  the area (0.5 < y < 2.0). 
We found the following values for the enthalpy of  fusion: 

- indium: 
- 1,3-dinitrobenzene: 
- polyethylene:  

A H sL  = 28.6 J/g 
A H  sL  = 100.4 J/g 
A H  sL  = 212.0 J/g 

The relative error was + 1.2%. 
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Compar i son  of  the peak in terval  for all inves t iga ted  samples  as a func t ion  of  hea t ing  rate. 
E ----- 5 meal /s ;  m ----- 5 mg;  PV = 40  m m / m i n .  

Fig. 8 
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Shape factor  y as a func t ion  o f  sens i t iv i ty  and  hea t ing  rate ( l , 3 -d in i t robenzene  as p o w d e r  or  
tablet) ,  m = 5 mg;  PV = 80  m m / m i n .  
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The results of  our investigations provide an insight into the complex 
character of  the considered dependences and their effects on the shapes 
of  the measured signals. They permit a critical evaluation of  values obtained 
in a similar way. 

Further, it is possible to formulate instructions for the substance-specific 
preparation of  the sample and to select the best experimental parameters. 
Thus, our investigations contribute towards the attainment of  reliable and 
comparable values. 
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Zusammenfassung - Die zunehmende Bedeutung quantifizierbarer Ergebnisse yon dynamischen ka- 
lorimetrischen Messungen veranlasste die Autoren [1-9] zur Untersuchung des Einflusses einzelner 
experimenteller Parameter. Nach unseren Erfahrungen kOnnen diese Ergebnisse nur in komplexer Form 
dargestellt werden. Entsprechend wurden die Versuchsbedingungen nach einem statistischen Plan variiert. 
Zahlreiche Messungen wurden mit unterschiedlich pr~iparierten Indium-, 1,3-Dinitrobenzen- und Po- 
lyethylen-Proben durchgefiihrt und die Ergebnisse in komplexer Form ausgewertet. Dabei zeigte sich ein 
signifikanter Einfluss der Probeneigenschaften und der Versuchsbedingungen. 

PE3IOME -- H c x o ~  H3 3HaqHMOCTH I<OHHqeCTBeHHI~IX pe3yn~TaTOB ~I4HaMHqeCKHX K a ~ o p H M e T p a q e -  

CI<HX H3MepeHHffl, pHjIOM aBTOpOB ~bLUO HayqeHO BYI~LqHHe n a p a M e T p o B  O~IHoro 3KcHepHMeHTa.  B Ha- 

CTOHIZ~eM COO6LIIeHHH HOKa3a.HO~ qTO 3TH pe3ynbTaTbI  MoFyT 61~IT6 I'ipe~ICTaBHeHt~I KoppeKTHO TOJ]6KO 

B KOMHHeI<CHO~I qbopMe. B CBFI3H C 3THM, 3KcHepHMeHTaYI6HI~Ie napaMeTp~Z 6bir th  H3MeHeHbI Ha OCHO- 

BaI-IHH CTaTHqeCKHX ~ H a r p a M M  3I<cHepHMeHTOB. n p o B e ~ I e a ~ i  MHOVOqHCneHHLIe 3I<CHepHMeHTSI e O~- 

pa3UaMH HH~I4H~ ' l ,3-~InHHTpO~eH3OfIa H noyIH3TI4~eHa, Ho/IyqeHH~IX pa3~ql4~HI~IMH CHOCO~aMH. Ol l eHHa  

pe3yJISTaTOB~ HpoBe~IeHHa~I B KOMHJIeKCHO~ dpopMe, noi<a3ayla 3HaqHTe/IbHOe BnHHHHe CBO~ICTB BeLue- 

cTBa H 3HcHepHMeHTanbHbIX ~IapaMeTpoB. 
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