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A computer assisted heat capacity measuring system has been designed from com- 
mercial components. A differential scanning calorimeter of type Perkin-Elmer DSC-2 
forms the basis for measurements from 100 to 1000 K. A Hewlett-Packard calculator 
(minicomputer) of type 9821 is the data handling system. The data are collected and 
permanently stored on teletape. The program has been written to govern measure- 
ment and final computation, tabulation, plotting, and curve fitting. Calibration is 
done by comparison with benzoic acid or aluminium oxide (sapphire). Zinc heat 
capacities have been measured as an example and for evaluation of accuracy. Accuracies 
of better than ___ 0.5 ~ have been achieved, an improvement of approximately a factor 
3 to 5 over a similar system without computer assist. The system will be used mainly 
for heat capacities of linear macromolecules. 

The heat  capac i ty  is the key the rmal  p rope r ty  of  a mater ia l .  T h rough  its knowl-  
edge, the enthalpy,  en t ropy,  and free energy can be ca lcula ted  and used for 
discussion o f  interact ions,  degree o f  d isorder ,  and stabil i ty,  respectively.  The  
use of  heat  capaci t ies  for descr ipt ion and unders tanding  o f  mat te r  has been 
neglected somewhat  in the pas t  due to  difficulties in measur ing hea t  capaci t ies  [1 ]. 
Presently,  this difficulty has been removed  by  the deve lopment  o f  differential  
scanning ca lor imeters  (DSC)  of  sufficient speed and accuracy to  make  heat  
capac i ty  measurements  rout ine  [2]. 

In the here descr ibed work  a compu te r  p r o g r a m  has been deve loped  for the 
rapid  de te rmina t ion  o f  heat  capaci ty .  Thermal  analysis  da t a  (dQ/d t  vs. T )  are ge- 
nerated by the DSC.  The analogue  ou tpu t  f rom the D S C  is conver ted  into digi tal  
form th rough  an interface system and recorded on paper  punch  tape  for pe rmanen t  
record.  A l t h o u g h  the p rog ram does not  direct ly con t ro l  the opera t ion  of  the 
DSC,  it oversees the entire run th rough  a series of  quest ions and di rect ions  which 
are d isp layed on the console  o f  the calcula tor .  

The detai ls  o f  the p rog ram are given and me thod  o f  genera t ion  and t rea tment  
o f  da ta  are descr ibed in Ref. [3]. Measurements  o f  hea t  capac i ty  o f  zinc are re- 
por ted  to i l lustrate the capabi l i ty  o f  our  D S C - c o m p u t e r  system. 

* Present address: Union Carbide Corporation, Chemicals and Plastics Bound Brook, 
New Jersey 08805 U.S.A 
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The major advance in heat capacity measurement is the increase in accuracy 
over normal operation of the DSC. Without change in calorimetric equipment, 
an increase in accuracy by a factor 3 to 5 over prior manual evaluation described 
in Ref. [2] has been achieved. Coupled with the wide range of temperature pos- 
sible, the value of heat capacity data by DSC can approach and exceed those of 
adiabatic calorimetry. 

Experimental 

A differential scanning calorimeter (Perkin-Elmer DSC-2) is used for thermal 
analysis of all the samples. An enclosed, air cooled refrigeration unit (Perkin- 
Elmer [ntracooler II) is attached to the DSC, which permits operation down to 
210 K. With liquid nitrogen as coolant the range can be extended to 100 K, The 
upper limit of the calorimeter is 1000 K. The DSC output is recorded on the 
standard recorder equipped with temperature marker. Continuous transformation 
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Fig. 1. Flow diagram of the DSC-Computer set-up. 
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of  the output amplitudes into digital form suitable for further analysis is accom- 
plished through the use of an analog/digital converter (Perkin-Etmer Digital 
Data recorder). The digital output from the digitizer is fed into a paper tape 
punch machine (Iomec Inc.). The range of digital output is 0 to 10,000 which 
is set by calibration to correspond to full scale displacement of the DSC recorder. 
The sampling interval between amplitude recordings can be present to any con- 
venient value from a low of  0.6 seconds to a high of 99 minutes. The run on the 
DSC and the recording of  amplitudes are started simultaneously to make the 
temperature markers of  the DSC agree with the corresponding sequence number 
of the recorded amplitudes. 

Heat capacity calculations from the recorded amplitudes are done on a Hewlett- 
Packard 982lA calculator system programmable in algebraic language. The 
calculator has an available memory for programming and data storage of 929 
registers and is equipped with a digital cassette tape deck which gives access to 
another 6000 registers. The programs for computations and operation of  the 
computer are stored in various files on the digital cassette tape. Files are loaded 
into the memory of the calculator automatically to carry out a given set of  opera- 
tions. The information on the paper tape (DSC output) is read by an optical tape 
reader (HP 2748B) and assimilated into the calculator which then proceeds 
to determine the heat capacities. The output of the program is obtained using 
a page printer (HP 9866A) and plots of the data and output are obtained using 
a plotter (HP 9862A). Figure l gives a block diagram of  the DSC-Computer setup. 

This facility is installed in a separate laboratory which is maintained at a con- 
stant temperature of 23 _+ 1 ~ using dual heating/air conditioning system. 

High purity zinc of calibration standard quality (Perkin-Elmer 319-13018) 
was used for all the heat capacity measurement reported here. Sapphire (specific heat 
kit, Perkin-Elmer 219-0136)  was used as calibration standard in all the measure- 
ments. Samples were encapsulated in aluminum pans. Hermetically sealed sample 
pans were used. All weighings were done on a Cahn microbalance with a sensitiv- 
ity of 0.01 mg and an accuracy of about • 0.01%. 

Before measurements, the baseline of the DSC was optimized over the operating 
temperature region (310 to 750 K). Baseline flatness was optimized to vary within 
1% of the full scale deflection of the recorder. The temperature scale was calibrated 
using standards to be within • 0.2 K [4]. 

Heat capacity program 

The program defines a system for automatic evaluation and reporting of heat 
capacities. Heat capacities may be determined for any temperature range in the 
region of 100 K to 1000K (the limits of the operation of the DSC). The temperature 
range was chosen to be in multiples of ten degrees and the absolute values of  the 
lower and upper limits should also be multiples of ten degrees. The regions where 
phase transition occur (i. e., glass transition, melting crystallization, etc.) should 
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be avoided so as to obtain a continuous function of variation of heat capacity 
with temperature. However, the program can calculate nonaveraged heat capacities 
in the regions where phase transitions take place. A separate program for transi- 
tions has been developed and is used for heat of  transition measurements [5]. 

The temperature range of  interest is divided into intervals of  30 to 50 degrees 
and separate heat capacity runs are made for each interval�9 Heat  capacities 
measured over these intervals are then combined to give a continuous function 
o f  heat capacity vs. temperature�9 

8 o. 
8 

I 

t I 
I I 

I I I I I 
400 410 420 430 aaO 

Temperature ~ K 

Fig. 2. DSC curves for baseline, standard, and sample scan (Print-out of data tapes). Lowest 
curve: baseline scan; Middle curve: sample scan; Top curve: standard scan (AlzO3). The 
left horizontals are the starting isotherms, followed by heating from 400 to 440 K. The right 

horizontals are the ending isotherms. 
Sample: zinc. Standard: sapphire. 

A measurement of  heat capacity consists of  three parts:  a) Baseline scan b) 
Standard scan c) Sample scan. The baseline scan is obtained by scanning a weighed 
empty pan in the sample holder and an unweighed reference empty pan in the 
reference holder. The latter pan is the same used for standard and sample scans. 
To obtain positive displacements for the baseline scan, our reference pan is 
slightly lighter than the sample pan. The baseline scan is used to compensate for 
differences in weights and heat losses of  the sample and reference calorimeter 
and also to determine the heat capacity contribution of pan material�9 The standard 
scan is obtained by scanning the encapsulated heat capacity standard against 
the reference pan which was used in the baseline scan. The standard scan is used 
to calibrate the instrument amplitude for the actual heat capacity measurement�9 
Sapphire is used as a calibrating standard in the temperature range of 200 -1000  K 
and benzoic acid is used below 200 K. Benzoic acid is used as a calibrating 
standard in the low temperature region because of  the strong temperature depend- 
ence of  heat capacity of  sapphire in this region. Benzoic acid is not used above 
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200 K due to its high vapor pressure. The sample scan is obtained by scanning 
the encapsulated sample against the same prior used reference pan. All the three 
scans are performed using the same settings of the instrument (heating rate and 
range). If  baseline and standard scans are not run with every sample, a prior- 
determined best data set may be used after proof  of constancy of baseline and 
amplitude has been brought. 

The DSC-curve of baseline, standard, and sample runs consists of three part 
a) the starting isotherm b) the programmed heating portion and c) the ending 
isotherm (see Fig. 2). The ending isotherm is extrapolated to the end of the pro- 
grammed heating and an extrapolated baseline is obtained for all the three curves 
by connection with the starting isotherm at the start of  the program as shown 
in Fig. 2. Ordinate displacements at selected temperatures are measured from 
the extrapolated baselines to the recorded curve; corrected standard and sample 
scan amplitudes are obtained by subtracting baseline scan displacements from 
standard and sample displacements respectively. These amplitudes are further 
corrected for the differences in weights of standard and sample pans. The heat 
capacities at selected temperatures are calculated using the equation: 

where 

csample  Ws~andard Dsample ('Tstandard (1 )  p - -  �9 X X __p 
W~ample Dstandard 

C~a~pte = Heat capacity of sample p 
C~, t~da~a = Heat capacity of the standard 
Ws,mpte = Weight of  sample 
Wst~nda, d = Weight of standard 
D s a m v , e  - -  Baseline scan corrected sample amplitudes 
D~tandard  = Baseline scan corrected standard amplitude 

The program consists of fourteen files which are listed below. The first line of 
each file directs that the file name be displayed on the calculator console, thereby 
providing the operator information about the contents of the various files. 

File No. File name 

0 Baseline scan 
l Analysis of baseline tapes 
2 Standard scan 
3 Analysis of standard tapes 
4 Sample scan 
5 Analysis of sample tapes 
6 Heat capacity calculation 
7 Heat capacity temperature plot 
8 Curve fitting/plotting 

Y = A x + B  

J. Thermal Anal. 13, 1978 
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9 Curve fitting/plotting 
Y = A x  2 + B x  + C 

10 Curve fitting/plotting 
Y =  A x _  2 + B x  + C 

11 Curve fitting 
l n Y  = Alnx  ~ + B l n x  ~ + Clnx  + D 

12 Curve plotting 
lnY = A l n x  ~ + B l n x  2 + C l n x  + D 

13 Plot of  data tapes 

If a particular operation of  the program is not desired, the corresponding 
file can be bypassed. A flow diagram of  the program is given in Fig. 3. Listing and 
detailed descriptions of  all the files is given in Ref. [3]. A sample print-out of  
a complete heat capacity run is given in Fig. 4. 
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Fig. 3. Flow diagram of  the heat capacity program 
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Heat capacity measurements on zinc 

Heat capacity of zinc has been measured from 410 to 520 K using various 
experimental parameters to determine instrument settings for our DSC-computer 
system (see Figs 4 and 5). 

Heat capacities were computed in ten degrees intervals. These experimental 
values at every ten degrees were smoothed by an inverse quadratic least square 
curve fitting (C v = A T - 2 +  BT + C) to obtain a set of smoothed data (see F ig  
6). The experimental and smoothed data were then compared to literature values. 
These were obtained by curve fitting of all reported values of heat capacity of 
zinc in the range 4 1 0 - 5 2 0  K into the function Cp = A T  -2 + BT  + C. Table 1 
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lists all the reported heat capaci(ies and the curve fitted function. All the reported 
and curve fitted values agree within 1 ~ .  

Table 2 lists seven measurements of  heat capacities of zinc which were made 
using combinations of instrument and run parameters. These measurements 
illustrate the effect of  the various parameters on the quality of  heat capacity data 
obtained. 

Table 3 gives the experimentally obtained heat capacities over the region 4 1 0 -  
520 K for all seven measurements. The coefficients obtained by curve fitting the 
experimental values into the function Cp = A T  -m + B T  + C are given in Table 4. 
Maximum deviations (in per cent) and standard deviations (in abolute values) 
are also listed. The smoothed values for all seven measurements are listed along 

Plot "-~ 
Cp= AT2 *BT, C 

1 
I (Load tile H . )  

('oad ,.., ' ) 

c] 

I 
(Lo.dl,,~ 

No 

Read and plot 
baseline, standard 
and sample tapes 

program,,/ 

Fig. 3. Flow diagram of the heat capacity program. 
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Table 1 

Heat capacities of zinc in the range 410--520 K reported in the 
literature 

7 ~ ) 

Temperature,  Heat capacity Heat capacity, 
J mo1-1 K 1 J tool 1 K 1 ~ Deviation Reference K (reported) (calculated) a 

410.0 
420.0 
423.0 
423.0 
430.0 
438.0 
440.0 
450.0 
453.0 
473.0 
473.0 
473.0 
498.0 

24.49 
26.59 
26.34 
26.75 
26.69 
26.50 
26.79 
26.89 
26.64 
26.89 
27.27 
26.87 
27.13 

26.48 
26.55 
26.57 
26.57 
26.62 
26.69 
26.70 
26.78 
26.80 
26.97 
26.97 
26.97 
27.17 

--0.1 
--02. 

0.9 
--0.7 
--0.2 

0.7 
--0.3 
--0.4 

0.6 
0.3 

- -  1.0 
0.4 
0.2 

a Data smoothed by curve fitting into the function 

Cp = 21.586 + 1.034• 10-2T + 1.095x 10"ST -~ 

(standard deviation 0.17) 

w i t h  the  l i t e ra tu re  va lues  in Tab le  5. In Tab le  6 a c o m p a r i s o n  o f  t he  qua l i ty  o f  

t h e  e x p e r i m e n t a l  and  s m e o t h e d  d a t a  w i t h  l i t e ra tu re  va lues  is g iven.  A l s o  l i s ted  

a re  m a x i m u m  p e r c e n t  d e p a r t u r e  a n d  s t a n d a r d  d e v i a t i o n  fo r  all seven  m e a s u r e -  

m e n t s .  

Table 2 

Instrument and run parameters used in various measurements 

Experimental variable 

Weight of sample, mg 
Heating rate, deg/min 
Range sensitivity,* mcals/sec 
Heating interval, degrees 
Sampling interval, sec 
No. of data points per degree 

13.84 
5 
5 

40 
1.2 

10 

2.69 

2 
40 

1.2 
10 

Heat capacity measurement 

3 4 5 

10 
5 5 2 

40 0 40 
0.6 1.2 1.2 

10 10 10 

42.22 
10 
5 

40 
1.2 
5 

* mcals/sec for full scale deflection 

42.22 
10 
5 

120 
1.2 
5 
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Table 3 

Heat  capacities of zinc, experimentally measured 

H e a t  c a p a c i t y ,  J o u l e s  K - 1  m o l e  - 1  

T e m p e r a t u r e  
K 

410 
420 
430 
440 
450 
460 
470 
480 
490 
500 
510 
520 

R e p o r t e d  . . _ _  
v a l u e  

26.48 
26.55 
26.62 
26.70 
26.78 
26.86 
26.94 
27.02 
27.11 
27.19 
27.28 
27"37 

24.00 
24.26 
24.55 
25.89 
26.15 
25.58 
25.02 

26.42 
26.52 
26.64 
26.56 
26.79 
26.93 
26.93 
26.77 
27.21 
27.41 
27.58 
27.37 

H e a t  c a  , ac i ty  m e a s u r e m e n t  

3 4 5 

26.26 26.48 26.79 
26.44 26.61 26.78 
26.52 26.68 26.85 
26.54 26.81 26.78 
26.74 27.07 27.03 
26.76 27.14 27.20 
26.78 27.24 27.20 
2681 27.21 27.16 
27.11 26.92 27.31 
27.23 27.08 27.18 
27.42 27.09 27.09 
27.60 27.10 26.91 

I 

26.43 
26.47 
26.57 
26.68 
26.72 
26.86 
26.96 
27.05 
27.18 
27.27 
27.33 
27,39 

26.37 
26.46 
26.54 
26.58 
26.70 
26.81 
26.92 
27.00 
27.07 
27.18 
27.22 
27.27 

27.5~ 
:~ 27.0[-- 

S 

:n 26 I0 

o e 

o 
e 

o 
o 

o o 

I I I I I I ~ .  
1,30 1,50 470 1,90 510 530 

Temperature ~ K 

Fig. 5o Final data plot (Measurement 6 see Table 4 and Fig. 4); Plot carried out using file 7). 

27.5 

~ 2 7 0  

8 

"6 
~.c I I I I I I I 

30 z. lO 430 1`50 l,70 "-90 510 530 
Temperature ~ K 

Fig. 6. Data  and function plot Cp : A T - ~ q  - B T q -  C (Measurement 6 see Table 5); Plot 
carried out using file 10. 
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Table 4 

Coefficients for curve fitting experimental  data into the polynomical  C , =  A T - Z +  B T +  C 

Measure- Coefficient Coefficien t Coefficient Maximum Standard.' 
ment A B C % deviation deviation 

number 

8.8084x 105 
4.8811 • 105 
8.2975 X 10 ~ 

-- 1.8236x l0 s 
-- 1.4775• 106 

4.3315 X 104 
--1.247 x l 0  '~ 

3.6664 X 10 -z 
1.9915X 10 -2 
2.7864• 10 -z  

- -3 .1777X 10 -g 
--2.6755 X 10 -z  

1.025 x 10 .2 
6.0973 • 10 -2 

4.398 
15.371 
9.992 

50.304 
46.410 
21.941 
24.594 

_+3.5% 
+_1.0% 
+0.6% 
+0.5% 
+0.8% 
+_0.2% 
+__0.2% 

Table 5 

Heat  capacities of zinc obtained by curve fitting the experimental  data 

0.52 
0.14 
0.08 
0.11 
0.11 
0.03 
0.03 

Temperatul e, 
K 

410 
420 
430 
440 
450 
460 
470 
480 
490 
500 
510 
520 

Heat capacity, Joules K -1 Mole -1 

Reported Heat capacity measul ements 
value 

1 2 3 4 5 6 

26.48 
26.55 
26.62 
26.70 
26,78 
26.86 
26.94 
27.02 
27.11 
27.19 
27.28 
27.37 

24.67 
24.79 
24.93 
25.08 
25.25 
25.43 
25.62 

26.44 
26.50 
26.58 
26.66 
26.74 
26.84 
26.94 
27.O5 
27.16 
27.28 
27.41 
27,53 

26.35 
26.40 
26,46 
26.54 
26.63 
26.73 
26.84 
26.97 
27.10 
27.24 
27.39 
27.55 

26.43 
26.62 
26.78 
26.90 
27.00 
27.07 
27.11 
27.14 
27.14 
27.12 
27.09 
27.04 

26.65 
26.80 
26.91 
27.01 
27.07 
27.12 
27.15 
27.15 
27.15 
27.12 
27.08 
27.03 

Table 6 

I 7 

26.40 26.35 
26.49 26.45 
26.58 26.54 
26.67 26.63 
26.77 26.72 
26.86 26,81 
26.95 26,90 
27.05 27,98 
27.14 27,06 
27.24 27.14 
27.33 27.22 
27.43 27.30 

I 

Compar i son  of experimental and curve fitted data with literature values 

% Deviation of % Deviation of 
Measurement experimental data Standard smoothed data Standard 

number from literature deviation from literature deviation 
values ,,'alues 

- - 1 0 %  to - -2  ~ 
+1.1% % 
-t-0.9% 
+1.1% 
___1.7% 
+ 0 . 3 %  
+__0.4% 

1 . 9 2  

0.14 
0.15 
0.20 
0.26 
0.05 
0 07 

--6%to --4% 
+0.6% 
• 
+_1.2% 
+1.3% 
+0.3% 
• 

1 . 7 3  

0.07 
0.13 
0.18 
0.24 
0.05 
0.07 
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Discussion and conclusions 

In a review of a large body of heat capacities of linear macromolecules, for which 
our system is primarily designed, adiabatic calorimeters were found to be accurate 
to only 3 % or less [11 ]. This relatively low accuracy for linear macromolecules 
is mainly due to sample variation and metastability. In a separate study [2] 
in which three commercial dynamic differential calorimeters were compared, 
it was found that an accuracy of the order of magnitude of _+ 3 % is attainable 
also from dynamic differential calorimeters. In the measurements reported here 
on zinc, we have found an accuracy of up to ~ 0.3 ~ using the most appropriate 
instrument and run parameters. 

The most important run parameter is the ordinate displacement. This is evident 
by comparing heat capacity data obtained from measurements using various 
sample weights (measurements 1 and 4 and 2 and 5). Larger samples give better 
heat capacities accuracy (see Table 4). Sample scans which do not differ in am- 
plitudes from the baseline scan by at least 500 digital units give rise to erratic 
data (see data from measurement 1). The minimum amount of sample required 
can be determined from its approximate heat capacity and the heating rate and 
range sensitivity. Too large a sample would give rise to noise in the sample scan 
if not packed uniformly and would cause excessive temperature gradients in the 
sample if it is a poor thermal conductor. 

Ordinate displacements can also be increased by using higher sensitivities 
and faster heating rates. Higher sensitivity gives rise to inherent noise in the 
signal which results in a slight depreciation in quality of the data obtained (measure- 
ments 4 and 5). Since higher sensitivity and weights of the sample used give 
both rise to noise in the signal, changing of sensitivity and weight, keeping ap- 
proximately the same ordinate displacement, do not change the quality of data 
obtained by a large amount (measurements 2 and 5). 

Faster heating rates give higher ordinate displacement and result in better 
heat capacity values (measurements 4 and 6). The effect of increased heating rate 
is still pronounced if the sensitivity is decreased to get comparable amplitudes 
(measurement 5 and 6). Heating rates faster than 10 degrees per minute result 
in larger temperature gradients in the sample and later attainment of steady 
state amplitudes. For faster heating rates one would also be limited by our data 
collection system. 

In measurements 1 to 5, data sampling rates of 10 data points per degree have 
been used. In the 6th measurement, 5 data points per degree were recorded, which 
did not result in any depreciation in quality of heat capacity values obtained. 
A more detailed analysis of the sampling rate was possible in a study of heats of 
transition where larger changes in amplitude occur over a small temperature 
range [5]. 

Finally, the programmed heating interval of 40 degrees has been used in the 
first six measurements. Using the instrument settings of the 6th measurement 
(which gave best heat capacity data) and 120 degrees programmed heating interval, 
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the heat  capac i ty  values ob ta ined  were equal ly  good .  This  increase in heat ing 
interval  depends  upon  the qual i ty  of  the ins t rument  baseline.  W h e n  this measUre- 
ment  was made,  the ins t rument  had  the best  basel ine  possible.  However ,  the 
basel ine changes sl ightly f rom day to  day  and thus p r o g r a m m e d  heat ing interval  
o f  3 0 - 5 0  degrees are found  more  reliable.  

These ins t rument  settings are difficult to  generalize.  I f  adequa te  ord ina te  dis- 
p lacements  are obta ined  ( >  1000 digital  units or  over  10 ~ o f  full scale deflection) 
the rout ine  accuracy o f  our  DSC-compu te r  system is o f  the order  o f  1 ~o. However ,  
by careful  selection o f  the r ight  combina t ion  o f  exper imenta l  a n d  run parameters ,  
the accuracy can be improved  to bet ter  than  0.5~o. 

This scanning ca lor imeter  system al lows thus a comple te  evaluat ion  o f  heat  
capaci t ies  to an accuracy comparab le  to ad iabat ic  calor imeters .  The t empera tu re  
range is much  larger  than  can normal ly  be covered with  an ad iaba t ic  ca lor imeter .  
The efficient da t a  handl ing  permi ts  measurements  to  be comple ted  in t imes 
shorter  than  one week, including dupl ica te  runs ;  a cons iderab le  t ime savings 
over ad iaba t ic  ca lor imetry .  Final ly ,  the cost  o f  the ins ta l la t ion in t ime and money  
is only a f ract ion o f  that  needed for ad iabat ic  ca lor imetry .  

The authors wish to express their appreciation to Dr. A. P. Gray, Dr. R. C. Ryan and 
the Perkin-Elmer Corporation, Norwalk, Connecticut for their assistance in setting up the 
DSC-2 and providing us with the digital data recording facilities. 
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RI~SUM~ --  U n  disposi t i f  a 6t6 conqu ~ par t i r  de c o m p o s a n t s  c o m m e r c i a u x  p o u r  la m e s u r e  
des cha leurs  sp6cifiques e t a  6t6 associ6 ~ u n  calculateur .  U n  ana lyseu r  ca lor im6t r ique  diff6ren- 
tiel ~t c o m p e n s a t i o n  de pu issance ,  de type  Pe rk in -E lmer  DSC-2 ,  cons t i tue  l '616ment de base  
pou r  les mesu res  ent re  100 et 1000 K.  Le t r a i t emen t  des donn6es  s 'effectue avec un  ca lcu la teur  
du  type  Hewle t t -Packa rd  9821 (min i -ord ina teur ) .  Celui-ci  a s su re  l ' acqu i s i t ion  des  donn6es  
et leur conse rva t ion  p e r m a n e n t e  sur  t616-bande. Le p r o g r a m m e  a 6t6 conqu  p o u r  contr61er la 
m e s u r e  et le calcul final, la raise en  tableaux,  le trac6 des courbes  et leur  a jus tement .  L '6 ta lon-  
nage  s 'effectue pa r  c o m p a r a i s o n  avec l 'ac ide benzo ique  ou l ' oxyde  d ' a l u m i n i u m  (saphir) .  A 
t i t re d ' exemple ,  la cha leur  sp6cifique du zinc a 6t6 mesur6e  afin d 'dva luer  l ' exact i tude.  Celle-ci 
est mei l leure  que  _---1- 0,5 ~ c 'est-t t-dire qu 'e l le  est 3 ~t 5 fois sup6r ieure  ~t celle d ' u n  systSme 
similaire  sans  calcula teur .  Le d ispos i t i f  sera  su r tou t  utilis6 pou r  la d6 te rmina t ion  des cha leurs  
sp6cifiques des macromolScu les  lin6aires. 

ZI.JSAMENFASSUNG - -  Ein  mi t  e inem K o m p u t e r  ausges ta t te tes  W/ i rmekapaz i t / i t s -Mess-  
Sys t em wurde  aus  hande l s f ib l i chen  Bes tand te i l en  gebaut .  E in  Di f fe ren t ia l -Scanning  Kalor i -  
meter  v o m  Typ Pe rk in -E lmer  D S C - 2  bildet das  Grundger~it  fiJr M e s s u n g e n  zwischen  100 u n d  
1000 K.  Ein  Hewle t t -Packa rd  K a l k u l a t o r  ( M i n i - K o m p u t e r )  des Typs  9821 ist das  Da ten -  
b e h a n d l u n g s s y s t e m .  Die  Dater i  werden  g e s a m m e l t  u n d  l au fend  a m  Te le -Band  gespeichert .  
D a s  P r o g r a m m  eignet  sich zur  S t eue rung  der  M e s s u n g  und  zur  E n d a u s w e r t u n g ,  Tabu l ie rung ,  
B e r e c h n u n g  v o n  Z u s a m m e n h / i n g e n  u n d  A n p a s s u n g  an  Kurven .  Gee ich t  wird mit te ls  Verglei- 
chen  mi t  Benzoes/ iure  oder  A l u m i n i u m o x i d  (Saphir) .  Die  W~irmekapazit/i teri  von  Z ink  wurderi 
als Beispiel u n d  zur  Bewer tung  der  Genau igke i t  gemessen .  Die  Genau igke i t en  erwiesen sich 
besser  als -4- 5 ~ ,  also 3 bis 5-real so  gut  wie bei e inem ahn l i chen  Sys t em ohne  K o m p u t e r .  
D a s  Sys t em wird haupts / ich l ich  zu r  M e s s u n g  der W/i rmekapazi t / i ten  l inearer  Makromolekf i l e  
eingesetzt.  

Pe3ioMe - -  I/I3 npoI~aBOnHMbIX KOMrlOHeHTOB 6biaa cKoncTpyrlpoBaHa cncTeMa ~I.rl~I rt3Mepeana 
TennoeMxOCT~t c y~acTi~eM 3 B M .  )2nqbqbepeHunanbHbIfi crarIHpyIoUlH~ raaoprIMeTp Trina 
HepKHn--~)nbMep ~ C K - 2  zBn~nc~t ocnoBo~ )Ia~ n3Mepenna OT 100 nO 1000 K. Cr~CTeMOfi 
c6opa  ~annbix c a y m a n  XbmneTT H a r r a p n  xaaI, i (yazrop (MnHrt-3MB) TI~na 9821. ~aHrn, le 
C06HpaYtHCb rI nOCTO.qHHO xpariHancb ~a TeaeTa~ne. ]3bi~a Hanricana riporpaMMa ~n~ ynpaBae- 
/-II.DI H3MepenH~ ti KoHe'4HbIX BbltI],IcaenH~, Ta6yJ'lnpOBaHH~, 3anHcn ~[ nocTpOeHH~l Kp/~IBOI~. 
KaarI6poBra 6 ~ a a  npoae~erIa rio OTnOmeHntO r 6eHaor'irio~ rvrcaoxe rt Orrrcrt aaroMnnnz-  
(canqbnp). C tteabio onpe~eaeHrtfl TOqriOCTn a Ka,~ecTse nprIMepa 6t,i~rt oripe~eaeru, i TemioeM- 
rOCTrt ttnHra. ~OCT~IrHyTbIe TO'~HOCTI~ 6biart ayqme  qeM q-0.5~/oo, ~tTO nprt6nH3nTea~,no cocTa- 
a a a a o  yay,~menne qbaKTOpa Or 3 ~O 5 no  cpaanertnio c cacreMofi 6e3 ~3BM. Cr~CTeMa 6b~aa 
rIcnoa~,3oaa~a raaBn~M o6pa3oM ~na  ortpe~eJ~euH~t TenstoeMrocTer't JLr, ine~nro~x MarpoMoaerya .  
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