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Mathematic interpretation of thermodynamic data is accomplished with
application of the Gibbs-Helmholtz equation. [\
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INTRODUCTION

The determination of physical properties of liners, explosives,
and propellants is important for the characterization of cook-off
behavior, aging processes, and the mathematic modelling of the thermal
responses of warheads and rocket motors.

The development of test hardware, data acquisition, and numerical
methods for data reduction and analysis is of considerable importance.
Thermal analysis techniques such as Differential Scanning Calorimetry
(DSC), Thermogravimetric Analysis (TGA), and Differential Thermal
Analysis (DTA) have traditionally been used to determine the thermal
characteristics and decomposition kinetics of reactive substances.

As compared with other analytical techniques, thermal analysis
has until recently received little attention in chemical research.
This is primarily due to instrument insensitivity and the laborious
task of manuaily reducing data. More sensitive techniques, usually
spectroscopic in nature, were opted for in the determination of chemi-
cal kinetics.

There has recently been a resurgence of interest in thermal
analysis due to the increased safety awareness of both the industrial
and military sectors. This is due to the development of new materials
for use in energy development, and for extraterrestrial and military
applications.

Considerable activity has been generated in the area of the
application of known numerical techniques to thermal analysis. This
has been made possible with the development of new thermal analysis
techniques, the availability of microprocessor-controlled analysis
instrumentation, and the development of small computer technology for
the acquisition and reduction of large quantities of data.

As a part of an ongoing process of upgrading the Naval Weapons
Center's analytical capabilities, the Explosives Formulation -Branch
has written computer software to acquire and analyze data from labora-
tory instruments. These programs include routines to imput digital
data from interfaced digitizers and various numerical analysis and
graphics suybroutines to reduce, display, and analyze the data.

Chemical kinetics subroutines have been developed for ncmisother-
mal DSC, isothermal DSC, and for TGA. This has been accomplished
through the digitization of the snalcg outputs of the laboratory
instrumentation which is achieved by interfacing with a Fluke 7600A
scanning digital multimeter or Fluke 8520A digital multimeter. Trans-
fer to the Hewlett-Packard 9845T computer is achieved via the IEEE-488
interface bus either by direct computer command or by use of service
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request interrupts. The rate of data acquisition is programmed via
command string to the microprocessor control urits of the digital <
multimeters.
THEORETICAL BACKGROUND *

Mathematical interpretation of thermodynamic data is accomplished
through the application of the Gibbs-Helmholtz equation, usually
stated as:

9 4G/T

(/m - A

where G is the Gibbs free energy, H is the enthalpy, and T the abso-
lute temperature. Kinetic data may be determined from the relation-
ship AG® = -RT 1n K(T), K(T) being the equilibrium constant at temper-
i ature T. For a reaction such as A 5 B, the equilibrium constant may be
! written K(T) = ka(T)/k2*(T) where ky(T) is the rate of the forward
) reaction and ko*(T) is the rate of the reverse reaction.

i Arrhenius first gave the expression for these rate constants as:
ka(T) = Z - exp(-E*/RT)

where Z is an experimentally determined rate constant with the dimen-
sions mole/sec and E* is the activation energy. The form of this
equation was taken as a logical extension of the Gibbs-Helmholtz
equation and is used presently in experimental determinations. Cur-
rent interpretation of E* is that of an energy barrier or depth of &
potential well, and the factor exp(-E*/RT) is the probability per
unit time that a molecule will penetrate the barrier.

From the Gibbs-Helmholtz equation, the temperature dependence of
the equilibrium constant is given as: ‘

K(T) @1 1
hm'T[ﬁ-T—z] ' ‘.

Unfortunately, when dealing with highly energetic materials, the
chemical reactions are irreversible. The temperatures and pressures
are not uniform and, in fact, have severe gradients throughout the i
' material, presenting a problem in nonequilibrium thermodynamics. When
t dealing with small samples, temperature and pressure gradients are

usually assumed to be negligible and a rate equation may be written
for the reaction. For the reaction B » Products:

ax |
Rate = = K(T) - £(D) J

- 4
,
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where X is the fraction of B that has reacted and f(X) is some func-
. tion which depends upon the mechanism by which the reaction takes
place.

For simple liquid and gaseous reactions, f(X) takes the form
(1-X)", where n is referred to as the reaction order, n is usually 2
or less. A set of coupled reactions will yield fractional n's while
reactions which occur in the solid state via diffusion or nucleation
mechanisms take on complex algebraic forms with n usually less than 1.

] When looking at energetic materials, n=1 works quite well in the
higher temperature ranges where B+ Products is an accurate representa-
tion of the reactions taking place. However, at lower temperatures,
nucleation reactions are present. They are dependent upon the surface
free energy of the material which is affected by such factors as
physical state, impurities, and method of preparation. Thus, a study
of reaction rates at higher temperatures may give a somewhat limited 1
view of the manner in which a material might behave.

, For nonhomogeneous materials such as propellants, reaction rates
' are diffusion controlled and highly pressure-dependent. For materials
of current interest, f(X) will stand for (1-X) for simple reactions
and X(1-X) for the autocatalytic reactions which occur in many explo-
sives.

For materials which melt with decomposition, complex kinetics
occur in the initial stages of the decomposition reaction. Behavior
beyond the exotherm maximum is usually more typical of the first order
reaction, B(liquid)’ Produycts. The first stages of the decomposition

process frequently draw the most interest in the thermal stability
. studies. Investigation of this behavior will give a more complete
description of how a particular substance reacts.

ANALYTICAL TECHNIQUES

GENERAL

b Ordinate data points are obtained by digitizing millivolt output
from the instrumentation with the sensitivity of the instruments
selectable by the operator. The analog output of the DSC represents
energy absorption (endotherm) or release (exotherm) in units of milli-
calories per second. The TGA output represents milligrams.

Abscissa data points are obtained as time from the Real Time
Clock interfaced to the HP 9845T computer. Temperature is obtained as
' the product of time and heating rate. Extremely accurate temperature
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tracking has been achieved in the case of the DSC, while less favor-
able results have been obtained from the TGA. This is due to the
heating rates deviating from programmed values. The problem has been 9
eliminated by manually entering data into a separate computer program
after the TGA run is complete.

Data points (Xj, Yi) are curve-fitted using a precise continuous
cubic polynominal, or cubic spline, algorithm. Ordinate values are
i represented as: ’

k
Ylﬂz: )Hk X
a0

where the coefficient matrix M is determined by demanding continuity
of the polynominal and its first derivative at each data point.

Use of this algorithm allows facile differentiation and integra-
tion of the data curves and is relatively insensitive to nocise in the
instrumental output.

' NONISOTHERMAL DSC

Graphics output of a DSC run of RDX Type II Class 5 is shown in 1
Figure 1. Figure 2 is the data after a linear baseline correction has
been made.

For a nonisothermal DSC run, the ordinant displacement dH/dt is
given as:

D(t) = AH . rate = AH %% = AH - k(t)(1 - X)" ()

where AH is the total enthalpy change for the reaction, represented as
the area A, under the displacement - temperature curve. Thus dX/dt
x = 1/A + dH/dT. 1If this equation is integrated, the result is X
) = AHx(T)/A where AHx is the heat released due to the fraction X react-
' ing. This is represented by the area a(T), under the peak up until
the temperature in question. Thus X(T) = a(T)/A may be determined
graphically or by a numerical integration technique as is done by the
computer program which has been developed (Figure 3).

Borchardt and Daniels! have shown that the rate constant may be

expressed as:
km -2 A0

'Hans J. Brochardt and Farrington Daniels. "The Application of
Differential Thermal Analysis to the Study of Reaction Kinetics,"

Journal of the American Chemical Society, Vol. 79, No. 4, July 1956,
p. 41,
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Comparing the rate constants at two temperatures gives:
k(Tp)  (dB/de)(T,)  [A-a(1y)] "
WT) @/, |Aar))

Since dH/dT is the ordinate deflection D(T), and X = a(T)/A, this
relation may be rewritten:

k(T,) DT [1 - x(r,"
k(™) - DTy T x(T,)

Assuming only one chemical reaction takes place, k(T) may be written:

k(T) = 2 - exp(-E*/RT)

and thus:
n
exp(-E*/ET)) [!: (L. L ] _brpy 1 - x(ry)
exp(-E*/RT) - P[W\T, r,) BTY |7 -=x(,)

and:

T D(T,) 1 - X(1,)
- * —— gy cwems | G | ————— A ——————————
E ['rz 'r,] bt 160 ) Mot PSS T )

Thus the activation energy may be calculated from ordinate dis-
placement and partial areas. In fact, for closely spaced data points,
the last term approaches zero.2

The frequency factor Z, and thus the rate constant may be calcu-
lated using partial areas and known values. With ¢ as the heating

rate:

) . 3. &) oy L ap R/ [ - 2L

In the computer implementation of this method, E* is calculaied
from a linear least squares (linear regression) algorithm which fits
the curve of 1n D versus 1/T (Figure 4).

2Jen Chiu. “Dynamic Differential Calorimetric Technique for
Measuring Heat of Polymerization," in Proceedings of the Second
Symposjum on Analytical Calorimetry, ed. by Roger S. Porter, New York
Plenum, 1970, p. 171-183,
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Figure 5 shows a plot of the reaction rate versus fraction decom-
posed. Ideally, the plot should provide some idea of the algebraic
form of the rate equation, with a straight line indicating a first
order reaction. For an autocatalytic reaction, a straight line would
result from plotting rate versus X(1-X). In the case of solids, there
are several processes occurring simultaneously and a clear and precise
interpretation of this plot would be difficult to achieve. In a homo-
geneous liquid, such as is present to the right of the exotherm maxi-
mum in the case of RDX, a portion may be represented by
RDX ... ..\> Products:

(Liquid)

Rate = k(T)(1 - X) (2)

and appears as a virtually linear portion of the curve. This portion
may be selected for determination of kinetics for the first order
reaction of Equation 2.

Kissinger® has devised a method based upon variable heating rates
to determine the activation energy. This method is independent of
reaction order and should give an accurate value for E* assuming that
only one chemical reaction is taking place at a time. The basic
equation is given as:

d(1n ¢/T¢)/d(1/T) = -E*/R

where T is the temperature at which the maximum exotherm or endotherm
occurs. A plot of 1n ¢/T, versus 1/T, from several runs will have
slope -E*/R.

ISOTHERMAL DSC

The software developed for nonisothermal DSC has been modified to
allow for the treatment of the isothermal case.

Because the temperature is constant in an isothermal DSC, the
equation:
& _ lis a(ty) - a(ty)
dt  t-ty, A . (t, - t,)
+0
may be solved directly for k(T).

= k(T) * £(x) ' 3)

‘Homer E. Kissinger. "Reaction Kinetics in Differential Thermal
Analysis,"” Analytical Chemistry, Vol. 29, June 1957, p. 1702.
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For closely spaced data points, dX/dt is reasonably approximated
as Aa/At-A. A plot of Aa/A/At versus a/A will indicate “he nature of
f(X), and k is calculated directly by linear regression analysis for
the linear portion of this curve when first order kinetics are
observed. One could plot rate versus different algebraic forms of
f(X) to see if a straight line results. Again, f(X) would be expected
to take the form (1-X) or X(1-X) for explosives.? Figures 6 to 9 are
graphic output examples of this program and Tables 1 and 2 provide
examples of numeric outputs.

The activation energy is calculated by plotting the values of
k(T) obtained at several temperatures versus 1/T. The slope of this
plot is E*/R.

Previous isothermal kinetic determinations have used the portion

of data to the right of the exothermic peak. By integrating Equation
3, a plot of fraction unreacted versus time should have the form:

1-X=exp [-k(T) - t] (4)
for a first order reaction (Figure 10).%

From Equation 1, the ordinate displacement D(t) is given as
AH + k(T) « (1-x). For a first order reaction:

n(:)-w%-u-k('r) - -x)

Substituting Equation 4 for (1-x) gives:

D(t) = AH *+ k(T) - exp{-k(T) - t]’

or 1n[D(t)] = ln(AH * k(T)] - k(T) - ¢

tJamey and Rodgers. Los Alamos Scientific Laboratory, Private
Communication.

“Ray N. Rogers. '"Differential Scanning Calorimetric Determination
of Kinetics Constants of Systems That Melt With Decomposition," Thermo-
chemica ACTA, Vol. 3, 1972, p. 437-447.

SRRSOV, S S
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Thus a plot of ln D versus time should have slope k(T) for a
first order reaction.® Figure 11 shows the plot of ln D versus time
for RDX Class 5. The linear portion of this curve was used for deter-
mination of first order kinetics for RDX(I)* Products.

From the form of Equation 1, it is seen that lan D = n 1ln(1-a)
+ constants, so a plot of ln D versus In(l-a) should yield the reac-
tion order n. Figure 12 represents this plot. Calculation of the
slope in the region from which kinetic data were calculated gives a
value of 1.05, which agrees with the assumption of a first order reac-
tion.

Both the partial area technique and the old technique of plotting
1n D versus t give ‘essentially the same answer in the region chosen.
The partial area technique is more dynamic in that the fraction of
material reacted can be calculated at any point. Thus, if some reac-
tion mechanism is hypothesized, it may be verified with actual experi-
mental numbers.

THERMOGRAVIMETRIC ANALYSIS

While the DSC data are useful for describing the thermodynamics
of a system, TGA is necessary for correlating weight loss with tem-
perature. For reactions of the type solid » gas, TGA may be used for
kinetic determinations., The fraction X, given as X = M-m/M, M
= original mass, and the reaction rate dx/dt may be taken directly
from the TGA data.

Numerical analysis for TGA data is the same as that for noniso-
thermal DSC. Because the temperature rise rate in the TGA instrument
is nonlinear, temperature must be calculated after the run is com-
pleted. Temperature/mass data are then manually entered into the
computer. Temperature is accurately determined by entering millivolt
values from strip chart output and converting to temperature values
using a standard National Bureau of Standards interpolating polyno-
mial. Data for RDX Class 5 is shown in Table 3 and is plotted in
Figures 13 through 15.

This program was developed primarily to investigate the decom-
position of rocket motor liners where time, temperature, and mass
values are important. If only mass and temperature are needed, the
software is easily modified to allow entry of approximately ten times
the number of data points. The acquisition of computer compatible
thermogravimetric equipment will also allow acquisition of more data
points when all three reference points are required.

SRay N. Rogers. "Simplified Determination of Rate Constants by
Scanning Calorimetry", Analytical Chemistry, Vol. 44, December 1971,
p. 1336.

10
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CONCLUSIONS

The acquisition and analysis of large amounts of data with a
digital computer has opened a new field in the area of thermal anal-
ysis. Plotting and numerical analysis software allow the data to be
reduced in a fraction of the time previously needed and permit use of
a larger number of data points.

In addition, fast integrating algorithms: allow use of partial
area techniques which will prove to be very influential in future
analytical procedures.

The successful application of these computer techniques in the:

determination of isothermal kinetics should prove extremely useful in
determining the cook-off hazards from aging studies and understanding
cook~off behavior.
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. table.)
RD: Class S 186 deg-/min 2 mcalssec 2.32 w9
Octooer 2, 1981
Kinet1cs determination
Temp K> vy Area Fract. LN¢ordinate? Relative Rate Pté
479 2.09€-03 Q.004 .001 t.30€-03 b
480 2.98E-03 9.90S .001 1.30E-03 [
481 2.08£-02 3.006 126 1,36E-03 ? X
482 2.98E-03 Q.007 283 1.57€-03 8
482 2.07E-@3 0.008 418 1,80€-93 9
463 £.07E-03 9.019 .S2% 2.82E-03 19
434 2.07E-33 8,011 . €46 2.24E-03 11
43¢ 2.06€-03 9.013 734 2.49E-93 12
483 2.06€-903 e.01%5 .830 2.71E-03 13
48 Z.96E-93 0.017 .923 2.97€-@3 14
437 2. 05E-03 09.920 1.0829 3.27€-03 13
487 2.05E-03 9.022 1,117 3,.60£-03 16
433 2.0SE-93 0.92% 1.203 3.91€-03 1?
439 2.0SE-03 2.028 1.279 4.24E-03 18
4%0 2.04E-03 9.032 1,372 4,.59€£-03 19
439 <. 04E-03 9.093% 1.461 %.03E-03 20
451 2.04E-03 @.039 1,852 S, 53E-03 21
492 2.93E-023 0.044¢ 1.647 6.04€-03 22
433 <. 03E-03 09.049 1.743 6,61E-@3 23
493 2.03€-03 0.9054 1.840 7.28€-03 24
424 2.02E-03 9.260 1.922 ?.95€-03 23
459 2.02E-03 0.0€6 2.001 8.€0E-03 26
426 2.02E-03 9.073 <.080 9.31E-03 27
496 2.01E-93 0.080 2.161 1.81E-02 28
497 2.01E-03 0.0388 242 1.09€~02 29
498 2.01E-03 0.997 2.318 1.18E-02 38
493 2.01€-03 0.10¢ R.39% 1,27€-02 31
433 2.00E-03 8.11¢ 2,481 1,38€-02 32
890 2.00E-03 0.127 2.549 1.49E-02 33
S0 2.00E-03 0.139 2.624 1.60E-02 34
S91 1.99€-83 0.1352 2.693 1.72€-02 39
Sa2 1.99€-03 2.16% 2.7%4 1,83E-02 <1
393 1.99€-03 8.179 2.814 1.95E-02 k14
Soe 1.39€-03 9.194 2.87¢4 2.07€-02 38
S04 1.98E-03 8.210 2.932 2.19€-92 39
$03 1.98E-03 0.227 2.986 2.32€-02 40
S0s 1.98€-03 0.243 3,039 2.44E-02 [ 39
Se7 1.97E-93 0.264 3.092 . 2.58€-02 42
Sa? 1.97€-03 9.2684 3.142 2.71E-02 43
Sos 1.97€-93 2.30% 3,198 2.8%E-02 44
. %9 1.97€-03 0.327 3.223 2,97E-02 45
S0 1.96E-03 9.349 3.269 3,08E-02 46
S10 1.9€6E-03 9.373 3.312 3,23€-02 47
S11 1.96E-03 9.398 3.347 3,36E-02 48
Si12 1.9%€-03 0.423 3.372 3,46E-02 49
S12 1.9%€-03 0. 449 3.368 3.%3¢€-02 se
13 1.98€-03 0.47S 3.307 3.86E-02 St
Si4 1.95€-03 2.%01 3,397 3,86E-02 s2
. S19 1.94£-03 0.527 3,408 3. 60E-~02 S3
S13 1.94E-03 0.334 3.39 3,61E-02 Se
Si6é 1.94E-02 0.%88 3.309 3.98€-02 SS
k1% 1.94€-02 0.606 3.3%4 3,33E-02 6
S18 1.93E-03 0.631 3.3%6 3.47E-02 S?
S0 1.336-03 2.63¢6 3.3 3,40€-02 Se
%12 1.37€-03 0.4660 3,29 3.30E-92 9
27
3
13
: ) o
.o R T N
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TABLE 1. Computer Printout of Data Used to Determine
Kinetic Parameters. (The section of the data that
is used for the calculations is operator selec-
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TABLE 1. (Contd.)

S20 1.92E-03 Q.74 3.261 3.13&8-02 (1]
S29 1,92E-03 9.726 2.820 3.97E-02 61
s21  1,92E-03  0.748 3,173 2.93€-02 62
S22 1.22€-03 2.768 3.130 2.30E-02 63
Sa3 1.91E£-02 9,788 3.083 2.68E-02 64
323 1.91E-83  ©.906 3.034 2.%6E-02 &S
524 1.91€-03 2.824 2.992 2.44E-02 (1
$25 - 1.91€-03  @.84! 2.9%2 2.34€-02 €7
S26 1.90€-03 9.8%8 2.921 2.26€E-92 (1]
526 1.90E-083 2.874 2,899 <. 20E-02 €9
$2?7 1.90€-83 @.390 2.88% 2. 16E~-02 e
s2¢ 1.89€-03 0.906 &.37% 2. 14E~02 71
329 1.89€-03 2.921 2.867 <.12E~-02 72
529  1.89E-03  0.935 2.843 2.99€-02 ?

s3¢  1.3%€-03  9.%S1 2.802 2.92€-02 74
$31 1.38£-03 9.96S 2.673 1.87E-02 ?S
831 1.88€-03 0.976 z.376 1.53€-02 76
$32 1.88€-03 9.984 1.920 1.0S5E-02 ??
%33 1,88E~03 9.989% 1.443 6.47E-03 78
534 1.87E-03 0.992 929 5. 07E-03 Te
334 1.87E-03 e,.994¢ .315 2.%3E-03 -1
535 1.87E-03  0.995 .52 1.60€-03 81
336  1.37€-93  ©.996 .ee1 1.18E-03 82
$37 1.36E-83 Q.99¢ . 001 1.226-23 83
837 1.86E-92  0.997 .001 1.20€-02 g4
$38  1.86E-03  ©.999 .ee1 1.206-03 9
$39 1.86E-03 8,999 001 1.20E-03 96
$39  1.3SE-03  1.000 .e01 1.206-03 8?7

28
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TABLE 2.

JIME 3

"
104
113
121
130
139
147
138
163
173
132
191
193
208
217
223
234
242
2%1
259
268
277
256
294
303
312
320
329
338
246
338
354
3Ire
381
330
398
407
41é
424
433
442
430
439
468
476
4895
494
302
St
320
s28
337
346
SS4
S63
S$71
360
389
39?7
6906
613
623
632
641
649
€38
667

NWC TP 6337

Computer Printout of Data Used for Graphics
and Kinetic Parameter Calculations.

AREA ERACY A AREA ITHNCREMENT RATE OF INCREASE Fre
[T 1) 8.1%¢€ 216.982 2%.967 ]
1007 9.196 206.603 23,863 €
1307 0.23% 200.003 23.106 ?
1398 8.272 191,948 22.124 8
1581 9.3097 132.24S 21.95?7 9
1734 2. 341 173,670 20.03%9 10
1%19 @.373 154,958 19.061 11
2976 0. 404 1$6.694 18.094 12
2223 9.432 148.803 17.191 13
2367 3,460 142.030 16.403 14
%02 8.48é 134,618 15,572 18
28,9 8.5114 127,728 14,724 16
2798 J.853% 120,648 13.939 1?
2864 9.5%7 114,329 13,202 18
2973 0.578 108,207 12,499 19
2075 0.598 102,229 11.819 20
317z e.618 96,783 11.183 21
3264 9.634 $1.899 190,614 . 22
3331 0.651 87.4%6 10,103 23
3434 2.668 83,277 9.617 24
3%13 R.683 78,980 9.123 23
3989 0.698 75.347 8.702 26
3660 2.711 71.5?71 8.269 2?7
2728 9.729 €8.06% 7.861 28
3793 0.73?7 65,031 7.8512 29
38%6 9.749 62.191 7.183 30
2918 .76} 59,3541 6.8?7?7 31
3972 8.772 57.043 6.587 32
4327 9.783 54,783 €.329 33
4389 8.793 52.794 6.999 34
4139 9.803 $9.711 S$.6%6 3s
4179 9.812 43,9898 S.646 36
4227 8.822 7.832 S. 491 3?
42?3 9.831 45.991 $.312 38
4217 0.839 44,4193 5.129 39
4361 9.848 43.472 5,021 40
da02 2.8%5¢ 42,417 4,397 41
444% 0.9¢€4 41,902 4,798 42
4485 0.872 40,514 4,678 43
4328 8.879 39.628 4,877 4
1544 0.8%7 36.837 4,48€ 49
4502 9.8%4 38.068 4,393 4¢
4639 a.9%8z 37.3564 4,338 47
46?5 0.909 36.961 4,269 49
4?12 0.916 36.2%86 4,191 49
4748 0.923 38.78¢ 4,129 S9
4784 8.930 38.279 4,074 S
4818 2.937 34,702 4.008 82
49882 9.943 34,209 3.931 83
4896 2.9%0 33.8%9 3.87¢ Se
4919 9.9%6 32,772 3.786 ss
49951 0.962 31.9%2 3.€690 ¢
4382 2,968 30.7%1 3.8%¢ s?
se1t 0.974 . 172 3.368 Se
3938 0.979 26.901 3.107 ’ S
se6t 9.984 23.672 2.734 (1)
Ses1 9.988 19.826 2.29% [{)
S99? @.991 16.039 1,883 62
S119 0.993 12.610 1.457 €3
$120 0.99% 9.003 1.132 [ 3]
s$12? 0.997 7.634 9.882 €S
5133 0.9% $.936 0.606 [ 13
$138 0,99 4,307 9.%30 6?
$141 .99 2,329 0. 368% [ ]
S143 1.000 2. 106 @.243 €9
Sia4e 1.000 1.339 9.133 e
S148 1,000 9. 346 9.040 b
29
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TABLE 2. (Contd.)
-
[4X] Time(sec) Y Loge¥)> a 1-8) Lo _te@e. i-4

3 s 24.4 3.193 0.156 0.844 4.436

6 104 23.95 3.158 0.19¢ 0.604 4.387 -
7 113 22.6 3.120 0.238 9.76S8 4.338
8 121 21.6 3.0871 0.272 0.723 4.288
b4 130 20.6 3.023 0.307 0.69 4.238
10 139 19.6 2.973 9.341  3.599 4.188
11 147 18.¢6 2.922 9.373  0.62? 4.129
12 196 17.6 2.868 9.404  0.59%6 4.088
13 163 16.6 2.822 0.432 09.368 4.039
14 173 16.0 2.771 0.460 9.548 3.9989
13 182 18.2 2.719 0.486 2.51¢ 3.929
16 191 14.3 2.662 0.511  0.489 3.0%9

17 199 13.6 2.697 0.333 0.468 3.040 i
18 200 ls.. 2.533 8.337 0.443 3.792
19 217 12.2 2.498 0.579  0.422 3.743
20 223 11.3 2.441 0.3598 0.402 3.693
21 234 10.9 2.388 8.616 0.3R4 3.647
! 22 242 10.3 2.336 9.634 0.366 3.3599
23 231 9.9 2.289 9.651 02.349 3.351
24 260 9.4 2.236 9.668 0.332 3.504
. 23 269 8.9 2.188 8.683 0.31? 3,482
! 26 2?? 8.5 2.138 0.698  0.302 3.409
2?7 286 8.1 2,096 0.711  0.289 3.362
N 28 294 7.7 2.039 .72 0.273 3.319
. 29 383 7.3 1.994° 0.73? 0.263 3.268
30 312 7.0 1.950 0.74%  0.231 3.221
| 31 32 6.7 1.906 0.761  9.239 3.174
. 32 329 6.4 1.864 e.772 0.228 3.126

33 338 6.2 1.827 9.783 0.217 3.079 :
34 346 6.9 1.788 8.793 eo.207 3.030
3% 3ss S.? 1.747 9.803 8.157 2.9814
3¢ 364 S.6 1.71?7 9.812 o.1g8 2.932
3?7 372 S.4 1.689 e.822 0.178 2.9882
33 381 S.2 1.649 0.831 0.169 2.830
39 290 S.1 1.626 @.839 0.161 2.778
42 398 5.0 1.600 0.848 0.152 2,724
41 497 4.8 1.579 0.856 0.144 2.668
42 416 4.7 1.58S 0.864 0.136 2.611
43 424 4.6 1.531 9.872 e.128 2.5351
44 433 4.5 1.%12 2.879 0.122 2.489

45 442 4.4 1.489 2.88? 0.113 2.423 i

46 4350 4.4 1.474 0.894 0.106 2,397 |
a7 439 4.3 1.460 9.902 0.098 2,285
48 468 4.2 1.442 0.909% 2.091 2.209
43 476 4.2 1,429 9.916 @.084 2.129
Se 488 4.1 1.412 9.923 0.87? 2.042
S1 494 4.0 1.396 0.930 0.07¢ 1.949
52 302 4.0 1.382 0.937? 0.063 1.848
33 S1t 3.9 1.363 0.943 0.05? 1.23?7
S4 S2e 3.9 1.343 9.950 0.0%0 1.616
SS S28 3.7 1.320 9.956 0.044 1.400
56 537 3.6 1.290 9.962 0.838 1.32¢
S? S46 3.3 1.244 ?2.968 9.032 1.158
Sa 534 3.3 1.161 9.974 0.02¢ 9.938
S9 563 2.9 1.979 8.979 @.021 0.73¢
60 S71 2.5 9.922 9.984 0.016 0.483
61 589 2.1 8.726 0.988 0.012 0.214
62 389 1.6 0,497 0.991 0.809 -0.076
63 39?7 1.3 0.248 9.993 @.00? -8.383
64 (1.0 1.0 -3.003 9.998 2.00% -9.711t
63 615 .8 -0.2%3 9.997 @.003 -1.07¢
66 623 .6 -9.508 0.998 o.002 ~1.489
67 632 .S -0.768 0.99% o.001 ~1.970
68 41 .3 -1.218 9.99% o.001 -2.608
69 649 .2 -1.367 1.000 0.009 ~3.419
e 633 .1 -2.416 1.000 2.000 ~5.003

30
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TABLE 3. Computer Printout of Time, Temperature, Mass
’ Loss Data for TGA Program.
R0 Class © TGR 3 deg-min.
o vial mazg is 21.59 mg. Heating ~ate is 3 deg-min
tengrtivity 13 10 mgrmv
Tenperarure (C° Tinelmind Massimg) % Mass Loss Data Ft &
38 0.00 21.6 0.09 1
37 2.%50 21.86 0.e0 2
38 S.00 21.6 .00 3
41 7.50 21.6 9.00 4
45 10.09 21.6 0.00 S
49 12.50 21.6 .00 é
3 15.00 21.6 0.00 ?
5l 17.%@ 21.% @.e0 e
' €? 20,00 21.6 0.00 9
; 74 22.%9 21.6 8.09 10
s2 25.00 21.6 .00 11 1
' 20 27.%9 21.6 0.00 ) 12
29 30.00 21.6 o.08 12
108 32.%9 21.6 0.00 14
: 17 3%5.09 21.6 9.00 19
126 37.950 21.6 .00 16
134 49.00 21.6€ .08 1?
182 42.%0 21.6 .00 18
14% 45.00 21.6 2.00 19
157 47.%90 21.6 .00 2
164 56.00 21.6 0.00 21
171 32.%5@ <1.6 .00 22
173 s$5.00 21.6 9.00 23
187 57.%d 21.6 8.00 24
194 ée. 00 21.6 .29 2%
201 62.350 21.2 1.8% 26
208 £5.08 20.3 $.909 e?
214 €7.350 17.8 17.60 28
2:4 70.00 10.4 51.88 29
231 72.30 2.9 36,61 30
239 73.00 4 98.19 B
244 77.50 o 99.958 3z
2956 80.00 0.0 100.00 33
264 82.3@ e.0 100.00 34
272 83.00 0.0 100. 900 3s
281 87.%50 9.0 100.00 36
291 90.00 .0 190.00 3?
b
3 .
3
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APPENDIX A

Program for Acquisition and Analysis of Constant Heating Rate
Differential Scanning Calorimeter Data
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PRGGRAM FOR RQUISITION AND ANRLYSIS OF THERMOGRAVIMETRIC DATA

18 OPTION BASE 1§

. 20 COM T«300,,Mass.300) Mazs1(300),Tinec300,N, MO, ASLSO],BIL20]
28 COM R(300),RB(300), Anewi380),Bnewi 300),Deriv(300) :
30 COM Aa8:9, 1 Coefficients for interpolaring polunomial
40 MAT READ Ra' for type $ thermocouple,

{

45 LINPUT “ENTER RUN IDENTIFIER",BS i
b 1) Plot=i
[{:) 1IF Plot>1l THEN LINPUT “DO YOU WANT TQ PLOT ANOTNER RUN?Y,Conts
i 62 IF (P10t 1Y AND (Cont$(1,13<(>"Y")> THEN GOSUB Continue

(1] INPUT “ENTER NUMBER OF DATA POINTS™*,N

ve REDIM T(N>,Mass N> ,Massl<N)>, TimeiN>

80 INPUT “ENTER MILLIVOLT READING FOR INDIUM MELT",Mp

99 INPUT “ENTER THERMOCOUPLE GRIMN (1 OR 5>“,Gain

100 INPUT “ENTER INITIAL MASS",MO

105 INPUT “ENTER HEARATING RATE",Hrats

119 INPUT “ENTER MILLIVOLT VALUE FOR INITIAL MASS",Mu
| 11S INPUT "ENTER MAS3 SENSITIVITY (mg-mu): 1 or 1@ " ,Sens
: 120 PRINTER 15 16
3 130 FOR 1=t TO N
' 14@ PRINT LINCE)

159 PRINT USING 220;1

160 INPUT X,Y
1 17e Ko (X-Mp)- Gain+1.082 ! Calculate S thermocouple output.

180 TCI)mFNScal(X-1098> ! Calculate Temperature.
190 Mass(l>sMR+Sens*(Y-Mv> | Calculate Mass For (Seni>mg/mv sensitivity,
198 Time I eC(I=-1>#2.% | Tinme in wminutes: 5 minsinch -hart speed.

289 Mass1([)s(MO-Mass<[))"M3#1Q8 !'Percent Mass Loss.
202 FRINT PRGE
203 PRINT USING 22%;T<I),Mass<I),TimeCl)
219 NEXT 1
229 IMAGE "ENTER MILLIVOLT RERDINGS FOR POINT #",PD," <(Tewp.,Mass’*
223 IMRGE “"Temperature is ",DDD," C; Mass is ",DD.DD," wmg.; Time is “,DDLD
D¢ min."
230 GOSUB Printer
<33 LINPUT "DO YOU WANT THE DRTA STORED?",Stores
236 IF Stores(1,1)="Y" THEN CALL Store(T(x) ,Mass(+’,M0,N,BS)
240 IF Plot>1 THEN GOSUB S
4% REM Plot % Mass loss vs Temperature
230 INPUT "ENTER PLOTTER CODE: 1=CRT; 2=3872R",Flottrer
260 IF Plotter=1 THEN PLOTTER IS “GRRPHICS"
. 279 IF Plotters2 THEN PLOTTER IS5 7,3, "9872R"
280 GRAPHICS
290 LOCATE 13,99,20,70
295 INPUT "ENTER HIGHEST PERCENTAGE DESIRED ON PLOT*,Q
300 SCALE 0,600,0,0
3t9 LINPUT “ENTER PLOT LABEL",RS
320 Xnames="TEMPERATURE (COH*
330 Ynames$s"Percent Mass LOss”
340 AXES 1900,0/10,0,0
3%0 FRAME
360 MOVE T<(1)>,Mass1(1)
370 FOK 1=2 TO N 'PLOT FIRST ARRAY.
380 DRAK T(1),Massti<D)
390  MEXT I
400 PENUP
410 LORG € ' Label X Axis
420 FOR =0 YO €00 STEP 100

S - TET T T
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430 MOVE I,-2

440 LABEL I

4350 NE«T 1

360 LORG 3 'Lakel 'V Axrs

479 FOR I=0-18 TO & STEF 0-1@

439 MOVE 8,1

$99 LRBEL 1

S0 HEXT I

Sie CORG 1 ! Label Flat,

529 MOVE ©,1.02+Q

530 LABEL RS

LX) LORG ©

€41 MOYE 3080, -.03+0

S42 LARBEL Xname¥

S43 MOVE 25,@-2

s34 LDIR PI-2

€4S LABEL ‘‘name$

547 PENUP

LL T LDIR @

553 FAUTE

553 IF Plottgrst ThHEN DUMF GRAPHICS
859 LINPUT "WOULD YOU LINE TO FEPENT THIS PLOT " ,Fpe s
SE€Q IF Rptsl1,13="%" THEN GOTQO 2S@
SeS Flot=Plot+l

b1 GOTO €@

S7e It ‘' Plot ather arravs

580 IF Plot=2 THEN LINE TYPE 4
599 1F Flot=3 THEN LINE TYPE £
5989 IF Plov=4 THEN LINE THPE 8

£19 MOVE T<1>,Massicl)

620 FOR 1=2 T3 N

&£20 DRAK Til: Massi(I>

549 NEXT 1

639 PENLIP

D] FPlot=Pligrel

e 307D 60

702 Ecits IF Plotter=2 THEN DUTPUT 7,5;"SPQ. IN"
719 IF Flatter=2 THEN STOP

T DUNF GRAPHICS

739 EXIT GRAPHICSE

T40 SCLERAR
] END

750 Printer:
?6%  PRINT FAGE
e PRINT LIN‘2Y

ha-1:] PRINT BS

T3% PRINT USING 7?9i;MO,.Hrate,%ens

FRIMTER 15 9

799 IMAGE "lrrtial mass 13 ",DDD.DD," mg. Hearing rate is ",DD,"

"Senzrtivity is “, DD," mg-mu”
38e PRINT LINW2)
21 PRINT "Temperature ‘C)
Data Pt
329 PRINT
820 FiP I=1 TO N
23T IF Masgs<l..@ THEN MaszgcI>=d
338 IF Massi:'1,-100 THEH Massgl 1 =109
34¢ PRINT WSING 860;T 1), Time-1>,Mass<l>,Mass1:]>,1
8%0 NEXT 1
8£0 IMAGE DLDD16:¢,DDD.DDSX,DD.D19X,DDD.DOL2%, DDD
37 PRINT PAGE
589 PETURN

Timecmin)

1808 DRTR . 927763167,159%26.515, 21563363, 94,3392730633,-1,63%
=1.3T241E16, 5, 1ITIRIELIT, -1, SE10%EL13, 1, 69535€E20
19£% DEF Fhical’2>

107 TOM AeR:9)

35
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1955
103%
1108
2R
t11Ls
112%
11595
1185
1179
1138%
113%
1210
1219
122%
123%
1245
1295
1265
127%
1209
1289
1219
1249
1325
1320
1349
135a
1382
1374
13390
1399
1490
1410
1429
1430
1440
1450
1459
147Q
1480
1490
1511
1519
1529
150
1549
1%%0
1560
1579
13580
1599
1609
151
1628
1820
1630
1850
1660
1670
1630
18399
1700
1710
1720
1733
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Interpolating polonmial for converting millivolts to degrees

far tupe § cplatinum=10%rhodium - platinum’s thermocouple.
T1al2ACO e R R e T (A2 +TR (R 24T R (AR AT+ ZRCACEV#THCRCT 14T (ARG,
EREE]

1.B StoreMis e Yosa, YA, N, 138

=~APT AN RN

taT A=

et BsY

~INFUT “ENTER FILE NAME",D¥

< INPUT “ENTER MASS STORAGE MEDIUM“",ES

IREATE DSs“!"3ES,N 1542

S3SIGN #4 TO DS :"&E¥

EFRINT #4;198%,Vv0,N

MAT PRINT #4;R,B

=ISIGN #4 TO «

SUREXIT

SUEREND

:CE Continue

IPTION BRSE 1

oM Ti#) Mazsc ¥, MNassl{*>,Time *) , N,MO,A¥ . B

ITM Acx L BOss Angai#)  Bnew(*),Deriv(e)

TIM Pages(30]

TALL Plotter(BS Timer*3,Massli~y N, Q)

SSINT PRGE

«INFUT "DO ¥0OU WANT TO CONTINUE WITH DRTR RANRLY3IS?",vS$
IF OVEDL,134>"Y" THEM SUBEXIT

SHiPUT "ENTER BEGINNING AND ERDING PUINT FOR DATA ANALYSIS™,PL,PL
T mmP2-Pled

SEDIM A<¢Bimy,B'DimsyDerivibim=-1),Bnew(Dim-1>,Bnewidim=-1>
FOR K=1 TO Dim

2K ET(PL+K=-1>

ErhimMaszPlek-1)

2 e un

ERT K

S0P I=s1 TO Dim-1 ! Calculate derivatives at midpoints,
“new IreCACI+1d+ACId ) 2

“EXT I

Epz=lE-8

SRINT FRGE

SRINT LINC3?

FOINT BS

ZRINT “"Subset Jutputr”

ERINT LINCZ?

JALL Splina(Dim,Dim-1 ,AC%) ,Bi%) Anewle)  Bnaw <) Derivis), 01,Eps>
“AT DerivsABS(Deriv>

Zages="Temperaturelt: Massimg) -dM.- 4T IncaM dt>"
ERINT Pages

FRINT LINC2)

FOR I=1 7O Dim-~1

ERINT USING 16705 1,Anew () Bnewcl),Der1v(l),LOG(Reriv(] )

IF | MOD 50< >3 THEN GOTO 16682

ZRINT PAGE

SRINT BS

FRINT LINCDD

ERINT Pages

ERINT LINC2?

~ENT 1

IMAGE DDDY XX, DDDOXRKRAK MDD, DDDXXKKAK, MD, DDEXXHKXKR, M2, DDD

CALL Plotter(R$,R(+>,B(#),Dim, Q)

TALL Plotter B, Rnew(#) , Derr1uis),Dim=~1,1)

ERINT PAGE

ERINT LINc2)

<INPUT DO YOU WRANT TO CRLIULATE K*ETIC PRRAMETERS FROM THE DATA?",SS
F SS{i,11e"v" THEN CALL kinetics (b, Anew s, Bnew ), Deriv(a),Dim, M3}
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1740
1750
1590
18901
1302
1303
1208
1506
1387
1398
1310
1311
1812
1313
1814
1815
131¢€
1817
1812
1813
1820
1821
1825
13390
1837
184@
1859
1868
1870
1371
1872
1380
12383
1839
1900
131@
1928
1932
1949
195e
195Q
1979
1952
1959
2099
<019
2029
2039
2049
20%Q
20%S
209
Z0ET
2eTe
PCEDY
203¢
21ee
2113
211%
2128
2122
213
Q3L
213:

2134
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GOTU 1350

SUBEND

SUR Plotter{RA$,Xuv#), Y(e) , N . Flag:

INPUT "ENTER PLOTTER CUDE: 1=CRT 2=9872RA" ,Plotter
IF Plotter=2 THEN PLOTTER IS 7,5, 9872R"
IF Flag=2 THEM G$=“Time minutes.”

IF Flag<e THEN G$="Temperature (C3"

IF Flag=3d THEM H¥x="M11ligrams”

IF Flag=l THEN HS=“Mil'igrams deg"

IF Flags2 THEHN H$=“Percent Mass Loss"
FRINTER IS @

PRINT PRGE

PRINT

FRINT RS

IF Flag=! THEM PRINT “"Derivative Plot®
PRINT LINC2)

IF Flagsg THEH IHPUT “ENTEFP MAXIMUM ORDINATE YALWE (mg>",C
D=0

IF Flag=Z THEN (=100

IF Flag=1 THEN QO0TD 1821

LINPUT “DO vOU WANT COMPUTER CALCULATED JIRDINATE TICKS?“,fxiss
IF Flag=1 THEN Axis$s"y"
ReFNMax(XCx> N)
BeFNMin{X¢e) N

IF Axt38$01,13<¢ "v" THEN GOTO 1860
CaFNMax(Y(*),N)>
DaFNMiIindYi4) N>
Ea(A-BY-10
Fa(C-D>-10

IF Plotter=1 THEN PLOTTER IS “GRAPHICS*
GRAFHICS

IF Flotter=1 THEN LOCATE 29,90,20,90
IF Flotter=s THEN LOCATE 20,99,20,65
3CALE B,A,D,C

AYES 2%E,2%F,B,D

MOVE Xi1),Yd(1)

FGR I=1 TO M

DRAW XCI>,vils

HEXT 1

MOVE B, D-F

LORG 6 !'LRBEL R AXIS

FOR IsB TO A STEP 2+E

MOVE I,D-.{#F

LABEL USING “DDD“;1

NEXT I |

MOVE B,D-F

IEC

LORG 8 ! LABEL Y AXIS

FOR [=D+2#F TO C STEP 2+#F

MOVE B-.1#E,1

IF Flagsl THEM LABEL USING "D.DDE":1I
IF Flag=@ THEN LRBEL USING "DDD.DD";1
IF Flag=2 THEN LABEL USING "DDD*;1I
NEXT I

LORG 6

MOVE B+S+«E,D-,8%F

LABEL G¢

MOVE Be.d4#E,D+SefF

LORG 4

LDIR 90

LABEL Hs

LDIR @

IF Plotter=2 THEN DUTPUT 7 ,.%; "IN
LINFUT “DO 70U WANT GRRFKICS OUTRUT ON THERMAL PRINTER",Prints$
IF Printsll,1)=""" THEH DUMF GFRPHICS

37
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£13%  JILERR

2138 £ 17T GRAPWICS

2139 CIwFUT “DO QU WANT TRE FLOT REPESRTED™Y,Rpts

21344 IF Fpusll,1)atyt TeEM GOTO 1301

2149 S _BEXIT

2159 :.FEND

2186@ IEF FNMa (Ro*: , N .
2179 e =R

2136 FlF I=2 TO N

2198 F HUlvoMas THEN Maa=dclD
200 ET 1
221Q SETURN Max
229 FpEND
2230 DEF FNMin(¥ca),H0
2249 in=mX(ly
22%@ FOR I=2 TO N
2868 IF Alr<Min THEN Mip=H(ld
2z79 £ T 1
22890 SETURN Min
<239  FEND
2308 :uUB Insert<(BF.XC*) 7(x1,N,
23%8  COBEXIT
2499 UPEND
2%0@ ZEF FH3cal Xy
H 2300 I.B Splirne -t Narg, ¥+ v Yot Domair ), Funci*) ,Derrui+), Int,Eps)
2880 fajdtas Eps. =@>
‘ 2899 1T Baddt a=d THEM 2990
2920 ESINT LINWZ:, "ERROR IN SUBPPULRAM Spline."
2930 FEINT "Eps="iEps,LINC2"
; 2940 PSUSE
‘ 29%0 L2170 2889
<933 22TION BRSE
3000 IM 3 M), GiN~-1, Hork N=-1>
3218 FILR I=2 TO N-)

—

3020 X1anlly

3930 Aimimxu]l-1)
3040 iplaxclel
3959 ARE A P

3069 Yimimyrcl=1)
3870 riplayilel)
3038 CaXi=Rimy

3092 HaXipl-Simd
2100 Work [ =, Se, H
3119 T (Yipl=vid (Xipl=rrosuri=rinl )N oM
3129 Sl n2aT

3130 G ]rx3eT

2149 NEXT I

3159 : 1)323(H)=d

3170 w=3-4#5QR( 3>

2189 .=0

3190 FIP 132 TO N-}

3200 Tous (=S lr~Work 1 48 I=1)=(,S~Work (1) #E(]+10+GCI))
- 3210 HeABS (T

3220 IF HWiu THEN UshH

3239 ScId)as ()T

3240 EAT I

32%9 :F U>sEps THEN Zi8@

3269 IR =1 10 N-1

3270 B S TE-TE EIUEL-TE ARSI EAPEINE B!
[ 3280 24T 1

3299 (T Narge® THEN 3590

3330 0k Jesi TO Narg

33490  orrector: I=1
3330 T=Domatn: JO
3369 IF T =x0l . THEN 3432
3379 ORFINT LINC2Y,"ERROF IN SUBPFIZEAM Zplaine, "
3
!
]
f 38
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. 3350 FRINT “RRGUMENT QUT OF EIJNDS.*
3350 FRINT X 10m"i¥C)0, "N =" 3K Ns, "Domarnt "53;5" = s DowainiJd LINCZ)
3429 FAUSE :
. 3430 12]+}
2440 IF 1.M THEN 3379
3450 IF T3¥(l% THEN 3430
3450 I=1~}
3470 HaDomainiJy=NcI)
3480 TaDomain{Ji=X¢l+1)
3490 MEHRT
3350 SESCIN+HAG D
3518 Z=1.6
3820 UsZ# SCIreScl+1d+%
3530 [LIG S L IREL XS RRPATTS CIWEITS SN
3540 Fune (Joal#H+Y (1D +X#U
3550 Deriv(ID=H (H+TI#U+2%X4G 1)
3580 NELT I
3690 Int=d
3618 FOR (=1 TO M-
3ecd LEEES S UERAS 8
3630 Int=lnt s, SeH#CYCL a4V I+l =1 2dap 3405 re5¢I+50
{ 3649 NEXT I
! 3859 SUBEND
3308 SUR Kinetics(RE,Hors,Y(#) 2% N, M2
! 3882 REM X=TEMP, Y=MASS, Z=dM- dT
‘ 3604 OFTION BASE 1|
3889 DIM FEaND, TinuiN), Nx(H), T N>, DniND
! 3814 INPUT "ENTEP RESIDUE MASS ng)",Residue
3328 MrsMz-Residue ' Tota)l maz: reacted.
3824 INPUT "ENTER POINT NUMBER:Z FOR KINETICS PLOTS",P1,P2
3829 Datapoints=zP2-Plel
3831 REDIM Ff:Datapoints:,TinviDatapoints},Xx ' Datapointsd,Yyc(Datapoints),DuuDat
apointsd
3634 FOR I=1 TO Dataponty
3829 Xr(lr)al(P1el-1,+2723 1 Compute array and change o Kelwin,
3848 V(DD aMz=Y Pl+I-1) ! Compute mass reacted array,
32344 FfCl>eYu(l) ‘Mr !'Calculate fraction decompcsed.
3845 Tinu(l)=s1 Xx(I> !Calculate reciprocal tenperature.,
3846 HERT |
38%e  CALL Splinefnitnpoints,natxpoints,Xx(t),Frci).Xx(w),Ff&.),Dn(*).Gz,lE-GJ'F
1 Curve and calculate difrac)>/dT
33ST  MAT Dm=ARS(Dm)
3862 CALL Plotz<Datapoints,X(#3 ,FF(#) ,Dm(#), A 'Print and plot dx-dT us x
3864 FOR I=) TO Datapoints
3859 IF Dm(1.:>.091 THEN Dm(I)>=L0GC(10004Dm(])>)>
3874 NEXT 1
3880 PRINT PAGE
3885 PRINT As
388€ PRINT LINC2)
3899 PRINT “Linear regression analusis of TGAR data between Temperatures"
3900 PRINT USING 3919;Xx(1),Xx(Datapoints)
3910 IMAGE DDBD,” and ",DDDD," degrees Keluin.,®
3920 PRINT
3922 CALL RegresscTinu(«)>,Dm(*>,Datapoints,f,B,C),C2,03,04,C%,(6,C?,C8,C%,C0,vs
r
3940 PPINT UYSING 3959;ABS(B*1,9872), Var
39%2 IMAGE “CALCULATED ACTIVATION ENERGY IS ",MD.DDE," Cal.-mole "," #,= " ,B.DD
3
39%1 PRINT
. 4112 PRINT PAGE
4128  PRINT LINC3)
4130 FRINT RS
4149 FRINT
41%9 PRINT “KINETICS DATA PLOT®
. 415 PRINT LINC2)
4.70 SmaxeFNMax<(Tinuce:,Datapoints)
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41380
4190
4230
d210
4229
4222
4224
4230
42490
42%50
4260
4270
4280
4290
4300
4310
4320
4330
4349
4330
4360
4370
4380
4399
4400
4410
4420
4430
4440
4450
4450
44790
4430
4450
4589
4310
4520
4330
4340
45%0
43580
4579
4574
4579
43534
4394
4600
4604
4608
4610
4620
4700

4710
4720
4730
4749
47%5@
4760
4?7790
4780
4799
4800
4819
4820
4630

froe,
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minsFNMincTin (%), Datapoints,
“max=FNMas (Dm(+), Datapoints)
TminsFNMinc<Bmcs;, Dat apoint sy
E=(Xmax=Xminl- 10
Fai{Ymax=-Ymin) 10
INPUT "ENTEP PLOTTER CODE: 1(sCRY; 2=9872AR",Code
IF Codes=2 THEN PLOTYER 1S 7,5,"9872R"
IF Code=1 THEN PLOTTERP IS “GRAPWICS"
GRAFHICS
LOCRTE 19,99,15%5,75
SCALE Amin, Xmax,Ymin-F,Ymax+F
AXES Q+E,2#F,Xmin, Ymin-F
FOR I»1 TO Datapoints
MOVE TinudlI>,Dmc(I)
LABEL "+*
NEXT 1
FOR J#1 TO Datapoints
Dmi ), =B4Tinu(J)+A
HEXT J
MOVE Tinv(1>,Dmc3D
FOR I=1 TO Datapoints
DRAW TinudI)>,Dm<CI>
NEXT 1
MOVE Xwmin,Ymin-F
LOKG 6
FOR I=Xmin TO Xmax STEP 2#E
MOVE I,Ymin~1,14#F
LABEL USING "D,.DDD";I+#1008
NEXT I
MOVE Xwmin,Ymin-F
LORG 8
FOR IsYmineF TO Ymax+F STEP 2+¢F
MOVE Xmin-.04%E,1
LABEL USING *D.DDBD";1
NEXT 1
LORG &
MOVE Amin+S+*E,Ymin-2#F
LABEL "1-T<(K)> x 190880*
MOVE Amine.d42E,Ymin+S+F
LDte PIL.2
LABEL "Iin ‘dM-4T)> x {000~
PRUSE
LINPUT "DO YOU WANT TO REPERT THE FLOT?",Rpts
IF Rptsii,11es y" THEN GOTO 4222
IF Code=1 THEN DUMP GRRFHICS
EXIT GRAPHICS
GCLERAR
LINPUT “DO YOU WANT TO REPERT USING DIFFERENT FOINTS?",RAQain$
1F Againsl1,1l="Y" THEN GOTO 3824
SUBEXIT
SUDEND
SUE Regress(X(#),v(#) N,A,B,Regss,Pesss,Toralss,Regms,Resms,F,Dfreg,Dfres,D
Abort, Dev)
see MODEL: YmA+BaX #4»
ON ERROF GOTO Bomb
Abortag
YisxXleZexX2uY2=@
FOR I=3 TO N
XisX1+XC1)
YisYls/C]D
RNEBR2+AX L #XC]D
YamyY2+(<(l ¥ (1)
ZuZeXN (I DD

Sum of X’s
Sum of Y’s
Sum of X squares
Sum of Y squares
Sum of Kv’s

NEXT 1

Xiaxy N ! Mean X

‘(4uy¥]-N ! Mean Y
40
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{
I
4240 Ba  Z-N#XL#YID 2N+ 14X s
4850 A=v1-Bexl i
4860 ToralssmsY2-Ne'll#Y] ! Total Sum of Squares
R 4570 Pegsim i Z-N#X1#¥Y1)~2 (“2~-N4X1#<11! Regression Sum of Squares 3
4230 Reszzz=Totalis-Regss ! Residual Sum of Squares
4390 RegmssReyss ! Regression Mean Squares
4929 Fesms=Rasss. (N-2° i Residual Mean Squares
1

4784 Dev=SQR{(Resms.
4310 JFF ERROR
4929 BEFAULT ON

Mean Zquare Deviation

4330 FeRagns Fesms ! F Ratio
4340 DEFAULT OFF ]
49%2 Dfreg=1 ! Degrees of Freedom

4949 Dfreszs=N-2

4979 Dftor=Dfreg+Dires

4982 SUBEXIT

4999 Bomb: Abort=1

S69Q SUBENWD

532 SUB Exponential(X(#1,V(%),N,fA,B,Regas,Pesss,Toralsz,PRegus,Resms,F,Dfreg,Dfr
¢«s,0ftot,Abort>

T340 ! »#s MODEL: Y®ASEXP(B2X) #%+%

$3%0 IN ERROR GOTOQ Bowb E
3350 Rbort=0Q

' $370 Xi=X2sT=aY1=Y2=0

' 3380 FOR [=1 TO N

' S350 Logy=l0G(YiI))

. S460 HisXleX(D) I Sum of Xs

| S41) NesX2+X(I)#X(1)> 1 Sum of ¥ squares

! 53420 “1=vitlogy I Sum of Y’s
5430 Yems't2+Logy#logy ! Sum eof ¥ squares
S440@ Z2Z+X(1r#Loguv ! Sum of XY’s
5450 NEXT 1
S460 X1i=¥1-N ! Mean X
9479 Yi=vi-N t Mean Y
$420 Ba Z-N#X1#Y1) (X2-N#i{14X1)
S490 A=EAPC(Y1~-B#X1)
3500 TotalssaV2-Naylsyl t Tortal Sum of Squares
SS1D Regss=(Z-N*i{14Y1)~2-(X2-N*#X1#4X1)! Regression Sum of Squares 3
$%529 Reiss=Totalss-Regss ! Restdual Sum of Squares
$L30 Regms=Regss ! Regression Mean Squares
5240 ResmssResss (N-2> ! Residua) Mean Squares

$550 OFF ERROR
$S50@ DEFAULT ON

53570 FuRegms- Resms ! F Ratio
$S60 DEFRULT OFF
%539 Dfreg=l . ! Degrees of Freedom

%600 DfressN~2 .

%610 Dftot=Dfreg+Dires

S€2@ 3SUBEXIT

%630 Bomb: Aborisi

$640 SUBEND

$6S0 SUB Plotz(N,T(#) X(#),Y(*> ,AS)

t669 OPTION BARSE 1|

TE70  PRINT PAGE

B63@ FRINT LINCD

%699 FRINT AS

SE9% LINPUT DO YOU WANT THE DATA PRINTEL?",Prints
T6%6 IF Printsfl,11="y" THEN GOSUB Print

3700 PRINT "Kinetics plot of dx/dT vs., x. x= fraction decomposea"
$7:0 PRINT LINCI

* 720 (=FNMax(Y<®), N>
ST20 DsFNMiInrY . #) N>
$740 Ew, 1

S?%® FeiC-D,/19
T°T4  INPUT “ENTER PLOTTER CODE: 1=CRT; I=3872R ",Code

] 41
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€760 IF Code=1 THEN PLOTTER IS “GRAPHICS"
%764 IF Code=2 THEN PLOTTER IS 7,9, 4“987zA"
8770 GRAPHICS
57808 LOCATE 2%5,99,1%5,75
%799 <SCALE 0,1.0,C :
5800 SiES .2,2%F,0,D A
5310 FOF I=j} TO N
BS20 NOYE A< D.YDD
¢ $330 LABEL “e*
i $840 NEXY 1 ]
$8%0 LORG &
$360 FOR I=9 TO 1 STEP .2
8378 MOVE I,D-.1+4F
$880 LABEL USING *Z.DDD";I
890 NEXT [
S300 LORG 8
5918 FOR IaDe2aF TG C STEP 24F
3920 MOVE -.01,1
! 3938 LRABEL USING “D.DDE";I
2548 HNEXT 1
5958 LORG 6
%968 MOVE .5,D~.3+#F
i 5978 LABEL “Fraction Decomposed”
‘ 5990 LDIR P12
: 600G MOVE ,9025,D+S#F
! 6010 LABEL "Rate (mg-deg>*
) 6020 LDIR ©
i 6039 PAUSE
6040 IF Codes=1 THEN DUMP GRAPHICS
i 6938 GCLEAR
¢ 5854  LINPUT »D0 YOU WANT TO REPERT THE PLOT?",Rpt$
6053 IF Rpts(l,1]="y" THEN GOT) S7@9
1 €060 EXIT GRAPHICS
6879 SUBEXIT
6089 Praint: PRINTER IS @

: 6399 PRINT “Temperature(K) Fraction decomposed Pare {(degr-1)*
1 6198 PRINT
6110 FOR I=] TO N

%129 FRINT USING 61%0;TCI>,XC1>,¥(I)>
8130 NE¥XYT 1
€150 IMAGE DDDDKXXNAXKHUKKNK, Z. DODDRIXXANKAKMEAXK KX X, D. DDDE
€160 PRINT PAGE
€179 PRINT LINCD
€180 PRINT As
} 619@ KETURN
6200 SUBEND

42
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Appendix B

Program for Acquisition of Isothermal DSC Data
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FROGR > FOB ACJISITION &4l AnPLYElS OF ISOTHERMEL D3¢ DATA
1
i

19 UF~IlH BRE 1

23 DI v 1093  Tine 12030 ,:3010080)>,Y3.1980° y

39 FRINTEF 13 18

492 FIT LINGSy

5 PFInT "Dars zquizition program for the Scanning Divfgrantial®

8Q PRINT “"Calorimeter. Use scanning digital voltmerer Tine"

Te PRINT "9, Ordinate axis 1s calibratsd for 10 mitlivclits”

£0 PEINT “fyll scale.”

kD) FPInT “Dara iz tab e ar the approéximate rate cf one point®

100 *SINT "per 4 3ecorziz. ENt Tine 313 to change rate”

119 FIINY

129 FIINT “Fotlow the CRT prompts, Press CONT to anter data”

130 TSINT "into the omputér or to have a plot on tre CPT put? ]

149 SEIHT “‘onvo the thermal printer. Terminate the program by presiing"

14% FSINT "STOP, "

146 - SRINT

199 SSINT “EDIT THE PROGRAM AND FRESS CONT®

15%  *AJ45E

169 SEINT PRGE

1T FRETINTER IS @

15¢ 1IN AS(<al),Bsisa).C8(20]

193 LINPUT “ ENTER TEST IDENTIFIER, LINE 1“,AS

499 LIUBPUT "ENTER TEST IDENTIFIER, LINE 2",B$

21§ I-wFUT " ENTER TEMPERATURE OF THE RUN",Tinit

z LNPUT "ENTER MASS CF SAMPLE (mg)“,Samplenass

Pase) INFLUT "ENTER SENZITIVITY ‘mcalsseci®,Sensitivity

249 AEINT LIN-2D

250 ROINT As

260 FSINT E#

<70 FFINT USING Z22@;Tinit

7 SLINT USING 28%:5amplemais,Sensitivity

289 [“RSE  “Temperaturs is “,DPD," Kk *

28%  (MA%GE "Mais of sample iz °,DD.DDD," mg. Sensiv:ity is *,DD0," mcal-sec”

299 FRINT LING2)

389 SEM Trhe following lines configure the scanning Jdigitsl voltmeter and time

clock and 38t key Interupts,

219 WTPUT FB1:"R M2 @"'Configure DYM for interupt *rarnsfer,

389 I ERFOR GOZUR Escage'Emable run errors to be correcteq.

338 TH KEY #7 G0%UE End'Operator termination of data ajurgitien,

3:S M KEY #3 GOSUB Exat

340 JH INT #7 GOSUB Read Branching routine for data transfer.

350 JUTRUT 93"R-ULsI2"1Configure clock,

359 JONTROL MAEK 73128'Look for i1nterupt flag.

k) EFINT LINC2)

2TS SPINT "Time sec: Ordinate Pointe”

330 EPINT

28% Isy

392 JIIP "Press CONT o =49in data aquisition®

409 FAYSE

2 SUTPUT 2:"U1G"'Srart the clock

4.0 IISP “PRESS k7 TN TERMINATE DRATA GATHERING”

439 JARD ENABLE T'Alicw DVM interupts to take place.

440 IF 11900 THEN GOTO 449

430 DISABLE

4€0 SRINTER 1S (S

4?9 PRIMT “ALLOCATED CORE STORAGE IS FULL"

420
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: 430 GO3UE End
S9s E vl QUTPLUT 7oL "s”
- S0 ZTOE B
510 Feac: 'UOIMFUT DATA FROM TS0
. Sza EHTEF TOLl; ' 1s
so% Yoo syl xl@Rdeld (Coqsert mytiiuoles to & 3 to 1@ scate.
S3e OUTFUT Sy yuLy”
LY ] EMTEF 9;Tinec
b3 Ting 1 =2Tamg 1 (0DD Convért milliseconds e seconds,
S5 PRINT USING ST iTime 1o, 70is,1
<Te IMAGE DDDDKAMMNRHENNNA, MDD DOXUKKN LK, 0PI D
50 I=]v)
5%0 DUTFUT 7915 8" 'Traigger Digital Voltmeter
éc CARD EMABLE 7 'Re~Erable Interupts
876 RETURN
630 End: ' Prozess Dara
68% INFLT "ENTER POINT HUMBER OF STABLE ORDINATE",R
€87 FOR k=) TO R~1
£3a ke iRy Elimtrnatz inttial trandient
Ut NEUT »
T hpt3=2]l-2 'Elimingts sxtranesui data point:
e 05 FEDRIM “iHpt3 ), TimelHprs: 'Condense the arravs.
Ta@ MinimunsFRMIA Y #i Npts?r ITalculate lowesr voltage output from LSC.
! Tie MAT VY- Minimum) 'S¢t Zero point as lowes: cutpurt voltage
hird"} CRLL Graprh RE, RS, Tine s ,Vi%i NptsH { Plot the data.
N he-11 LINPUT “DO YO WANT THE DRTH STORED?“,CS
T99 IF CH01,11="y" THEM CALL StorecAs, ES$, Time.~),Y(2 1 Npts)
849 LINPUT “DC vOU WARNT TO EXFAND THE PLOT", DS
! 31@ IF I3C1,11="Y" THEN CALL E.pand(AS,BS, Timel*. ., is))
: €20 LINFUT DO YOU WRANT TO MAY¥E A LINEAR BASELINE CORFECTION?",ES
339 IF Efl1,12="yY" THEN CALL Transform(AS B, Timers) V{#  Hpts)
23% FRINTEF IS 18
83e FRINT PRGE
327 FRINT “Fgal integrator wiing am arbitrar. bazeline corcection”
8232 FRIDT
83% FRINT "Data gotnt nunbér s correspond 10 origional cata list”
340 FRINT LINCZ,
341 FRINT "Tre hazeline 15 calculared using a ztaight ling from the firsr to
the 'ast Jata pownt"
84z PRIMT LINCI?
845 PPINT “Frezz STOF if vou wish to terminate *he program., Fress CONT 17
vou wigh to continue."”
@43 PALLE
84% PRINT PRGE
g43 INPUT "ENTER BEGINNING AND ENDING POINTS FOP NUMERICAL INTEGRATION®.RBegirn,
End
859 Qp132End-Begin+y
8352 PRINT USING £54:0pts
.8%4 IMAGE "ENTER 1 AND ",DDD," FOR INTEGRATION LIMITS™
856 FEDIM X3(Gpts», Y3 Qpts)
8S: FOR =1 TO Gpts
860 3 LreYiLebegin-1)
862 XL =Tine/L+Begir~1>
&84 NEXT L
8¢k Slipel (Y3 GpPLEI-TYICIININICARL S =KIC 1))
867 B3¢l
368 FOP L=} T0O Qpts
87¢ YICL>ev3cLr~Slope 28 (X3(Lr=13(1V)-B
872 NEXT L
874 Cs=Bsl": Expanded plot peak integration”
37é CALL Graphl (RS, CE, %3(e),Y3(#),Qprs,Area’
. &rs LINPUT "DC DU WANT TO TERMINATE THE PROGRANMT" . Stops
839 1F Ztopsll.11s" " THEN GOSUER Euit
881 CALL Kinerics . h2¢®#) Y3Ce:,Qoes,Rrear
984 GOTo 309
8385 Sscape: ! Correct any run arrors.
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: SENERATEL, ELIT PPOGRRNY AND FREZI IONT,
- -

FRINTEF 19 ©

TETORN

DAR StoretQF BF, el et

DETION BASE 1 'iutoouting fIr osrtorieg data from

SAORT UCHY (YN

naT ys)

NeT Way

~JINFUT CENTER MRS STORRARGE MERIUM',FS
JINELT CENTER & CHRRFCTER FILE NAME®, 3§
S¥EGE
JFERATE GB., N9
ASSIGN #& TD G3
PPINT ®i;R¥,BS. N
AT PRINT #gyi,
FEINT LIN- T
SEINT LIING 1L
GE "DATA I3
IGN #z T3 +
IUEEVIT
TUBEND

FILE R

- 2UB Graph AE B, R e (Ve

BEINT PRGE 'SLnrouting for platting Jats from
SRINT LINY3S tusing the internal therma) printer.
CPTION BRSE 1
FRINT RS

SRINT BS

ERINT LINISD
cIM DEl19]
CF=UTINE sgz
e Pazlgryse Mitlyaales®
2 3 1) PR QA '
E=oMy=RK(t

~=zF

~IHPUT DO YOU MANT A MAZICUM Y USED FOR THE GRAFH INSTERD OF THE CALCULAT
Mgt Ty

IF I801,11="7" THEKR ITHFUT “ENTER Ymax",H

1F 181, 1)="7" THEN Ran

IWEUT "ENTER FLOTTEFR C{ODE: CRT=R, 93T2R=E",Fiats
IF Flovs{l,131="R" THEN SLOTTER 135 7.5, "9872R"
IF Plots(1,11="A" THEN FLOTTER [$ "GRAPKICS”
SFRAFHICS

JOCATE 13, 33,19, 77

SCALE UVl NEM,0,A

QIES B4R 13,8010, 8

MOVE Kelog el

FOP Isi TO M

DRAW M 1>, ¢l

NERT |

PENUF

_OPG &

SOP 1= TO OUINY STEP B3

“ovE 1,-R- 109

ABEL USING 1S:a:il

HEVT I

IMAGE DDD

LORG 8

FaP =R 12 TO R STEP A-10

HOVE =B 100+ .,

AEEL USING 1590510

HENT

IMAGE [D.D

~OPG £

OYE B e Lo -d 1T

46
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LAEEL Cf

LDIR PI-2

LGPG <

MOYE ~E- 9+ 01:,R-2Z
LREEL D5

LINFUT *D2 vQU ARRT GRPAFYICS FRINTOUT VIFA THE THERMAL FRINTERT",LS
IF L#02,1)="¢" THEN DUMF GRFRPHICS

ENIT GRAPHICS

SILEARR
IF Plors(1,13="B" THEN QUTPUT TaS;"3PQ. IN"
SUBEXIT
SLEEND

DEF FHMax«A <+ ' N, St aren
Ma..2Av3Itare

FOR I=3tart TO N

IF ACIYMax THEM Max=AlI)
NE®T 1

FETUEN Max

FHEND

U € pand CE, D, N e V04D

JETION BRSE 1
SIM ZO18890, Tr 10083, RC1699, W< 108a Y

DIM 15030),R$C30]

INFLT "ENTER LOMEST AND HIGHEST DRTA POINTS FOR PLOT EXPANSION <P1,72>",P1

HeRBZ P2~P1:+]

REDIN 27N>, T(ND

FOR I=3 TO N

SilrmacTePL-1)

Tol=7(I+PE-1)

NEILT I

is=DsL 1 Expanded Plor"

CINFUT “IS THIS A BASELINE COURPECTED PLOT™",MS

IF MelL,1)i."Y" THEH GOTO 2178

iF MFi1,13s"y" THEH CALL Praintz(C8,18,l0+: , Trs v N
IF M8{1,11="%" THEN CALL Graph2(C$,18,2¢%, Tier ,N,Rrea’
FPINTER 15 16

FRINT DO YOU WANT TO INTEGRATE THIS EAFPRANDED PLOT USING ANOTHER BASELIHE
TION™

LINPLT N§

FRINT FARGE

IF N$[1,117.%Y" THEN GOTO 2170

INPYT “ENTER THE DATA POINT NUMEERS new lisc> FOP QRDIMATE POINTS “,F3,P4
MizFd=F3el

FEDIM ReMx),W(Mx)

FRINT USING 21523Mx

IMAGE “USE 1| ANB ", DDD," FOR INTEGRATION LINITS®
FOR k=1 TO Mx

Py a2(KeF3~1)

Wik 12T KeP3=1)

NEXT &

Fg="Expanded Plot: RArbitrarv baseline correction®
Slopels oD =Wl L (R(MX sy =R(LDD

Bos=u. 1

FORF v a1 TQ NMx

Vier ek r=Slope 24 P KY=RO12)=-BD

MELT K

TALL Graphl LS RE,Rx) W xY Mx)

IF Mell,1)= v THEN SUBEXIT

CALL Grapn(CH,18,2¢e>,T(#) N>

SUBEXIT

SUBEND

SUB Traniform S8, GE, X(e), ¥ e N>

CETIop BASE 1 ' Linear bajeline correct on for 2 variable plots.

DIN Vrew N
JIM K830}
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T Erey i TreN R e Do (0 8 ! Auarage thE first ana lase S pover: o ara
reatral g Intd TIngrdiratcaon '
B Ve eV et ae s i H=S el ey e B 0 Fapr 3loge taloulaticon,
3lepe= W=3 - - 1
IR 1=1 TO N
ST L RS LR T R G
“ENT 1 °
HEEGEY"ILV g e Fazel nE Cormrezviont
TRl arapnl FELHE, s iman e (H RrEes
LINFLT “00 o wRANT THE PLET SUFANLEDR™” (NS
i€ nuEli,1l="Y" THEN CALL E pand FE HE s hegu =0
IUBELIT
SUEEND
2400 DEF FhMa<abs Ac*: N2
2419 Ma.-=RBESCALD
2429 FOR I=2 TO N
24%Q  IF ABSYA I Ma st: THEN RacabssABI AL
S0 KWENT I
441 PETURN Ma: ab:
L9472  FNEND
24%0 CEF FuMmin B« s N»
2468 Min=Bll)
47 FOR =2 TO N
2480 IF Bl Min THEN MinsB:[.
2430 HE=T 1
<%0 FETURN M
Z%1@ FHEND
2600 SHE Grapn2 RE,ES. X .0, cx ot Irtegral
exas  FRINTER [F @
2610 PRINT ERiE P3ubre.uting for plorting Jdata fron oan oY piltter
2628 FRINT LINGIY fuw3img *he 1wrarenal cherwal arinter,
24390 OFTId4H EBRSE L
ZE40  PRINT RS
<653 FPINT E3
650 FRINT LIN 3
Z679  DIM DSLIa3, U 1000, v 1909
267 ¢ FEDIM Ux NI, Yui N>
28 CcE=z TIME 732c0"
P Is=Felative Millicles”
Q8¢ F=FrMaabz €0, N
2€20 T REINTREF SIS I
2799 A=F
TN LGHRLT RO v WANT R mA TN JZED FOR THE SRAPR INITEAD OF THE CALCULAT
ED MRZINLUM", T3
2720 18 JSC1,13="y " THEN INFLT "ENTER " ma«",H
ZTap IF 1Rl1,13= w" THEHW A=H
oT4%  LINPUT "ENTEF FLOTTER CODE: CRT=R, 9ETIA=E",Flavy
270 IF Plct¥01.13="A" THEN PLOTTER [% !
2TS%  IF Plots(1,11s R THEM PLGTTER !
&TED  SRAPRICS
279 LOCRTE 17,32.10,7%
it3e  SCRLE W10, N AR
2790 AET B 4 A 10,5710,9
<80 MOVE T VL
231¢ FOP =1 TCON
2529 DRAM o, i1
i839 MEAT I
2540 FENUP
£330 LOFG &
S0 FOR I=xy1s TO ¥wH> STEF B 4
2930 MOVE 1,-A-100
2919 LABEL USING a9
29:0 HENT T
%33 IMAGE DOD
-E T |
LASe BCP (==3 TO A STEF A LW

48
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MOVE -B-1QQ@+x¢y ",
LABEL USING 2999:
HEMT 1
IMRGE MDD, D
LIEG £
MOYE B Z+XK01 0, =R 15
LAFEL CF
930 DIF FI. 2
LOR; 4
MOVE -E-340010,R 2
LRBEL DF#
LINFUT "DU VO WANT TO INTEGSRATE FPART OF THE CURYE",0%
IF J801,13..-"¢" THEH GOTO 203%
INFUT “"ENTER BESINNIMG AND EMDING DRYA POINY HUMBEPSIFROM NEW SET IF EXFRN
3tart,Finish
REDIM Ux(Finmigh=-5tart+l3,Y «Finigh-3tart+l,
J=y
FORP I=3tart TO Finmish
Wa Jomol s
Modla=yoln
MOYE Lola, el
3 O DRAM Al 0
074 PENUF
V 2875 J=Jet
JOTE  NENT I
3877 Epsiion=iE-¢
3878 CALL IntuncI=t,Epsilon,Uci#*> Yy(e), Integral?
2079 PRINT UIING 2080 ;Uxn13,Ux(J=-1),Integral
29382 IMAGE "THE RFEA REFFEZENTELD Bv THE SHADED REGION BETWEEN DOMAIN YALJES *,
DpDD. DD, " AND “,DDDD.DD." IS "“,MD.DLIE
2351 FRINT LINC2Y
393 LINPUT DO YOU WANT GRAPHICS FRINTOUT YIA THE THEFMAL FRINTER?",L$
3099 (F L${1,11="Y" THEN LUMP GRAFHICS
2099 ENIT GRRPHICS
3189 GLLERK
3195 IF Plovsl1,1)="E" THEN JUTPUT 7,%;"SPO-IN"
2118 SUBREXIT
3129  SUEEND
3122 SUE Praintz(R$,BS,NCx) Vo s NI
3149 OPTION ERSE 1
314%  LINPUT "DO O WANMT THIS FRINTED ON THE TYPEWFITERT",Frintert
3148 IF Franter$fl,11="7Y" THEH PRINTER [S 7,4
3147 GOTO 3160
3159 PRINT PAGE
i@ FRIMT “DRTA POQINT RENMUMBERIMG FOFf BRASELINE CORRECTED , EXFPANDED FLOT"
5179 PRINT As
3123 PRINT B$
3198 FRINT
3208 PRINT "DOMAIMN VALUE RANGE VALUE NEW DATA FOINT NUMBER"
! 2219 PRINT
31220 FOR I=1 TO N
3238 PRINT USING 328593X<l vl 1
‘ 3249 HNEST 1
' 2292 IMAGE DDDD, DDRYUVNKKILKEKSH, DI, DDUN XYM MKKNX, DDD
32¢@  PFINT LINCE»
3278 SUEBEXIT
3239 SUREND

1
1

&
(-]

£
30
3@
39
kL
34a
DE
32
39
3@
39
3@
kD)

b It Iy BULC U OO — B P O LTS )
SRV gl SV O LN IS JRL R 2 ~ ]

1498 SUE Irtuni M Epz,sves Yier,Inty t Cubic Spline Intggrator
34590 Eacdras No=E3: IR (1 o=l N)) OR (Eps. =)
. 3499 IF Baddra=@ THEM 380@

! ISLH PPINT LINCE), "ERFPOF IN SUBPRUGRAM Intun,”

3522 PRINT USING 23S4@IN.Epa, e 17, ivkD

3T49 IMAGE "Ne" DDL,%4,"Eps=" ,MI,<DE, 7, "Ml =" ,MZ SDE, SK,"MrN>=2" MZT, SLE, -
3899 PAUSE

238D GOTO 34209

2680 CPTION BRSE 3
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DIM Bu2iN=-1>,S¢N:, G ltM=1,

FOR I=2 TO HN-i
H=(I+1)=X(I-1)
EM =X l-1
Bils=.S#XH
T2t I 410=YCIry i Iel =l DD o= YOl s=Yil=120-1 H
Sl =27
GeIr=3eT

HEXT 1

i10=3 Nyl

WE3-3«SQRC3)

U=

FUR I=2 TO N-1
T=W#(=SCI3-BCI#5 1=10=0, 85=BCIY0eSCI+1M+G(]2>
H=RES . T»
IF H>U THEN U=H
SuIYES(IreT

HEST I

IF U -=Eps THEN 3742

Int =0

FOR I=1 TO N-1
LESAG EDWES S
Int=Int +(,SeH* Wl seY [+l 01 QdaH 322 ID+5(]+1 00

NEKXTY I

SUBEMD

SUB Finetr1cz i X&uws VIt ,N DY

DPTIOH EASE 1

PRINTER IS ©

DIM KON YACND) JACHINZ  Fracidib sy, DacSINY Ter1u (SN, Logd (N

Exsilon=t1E~-¢£ ! Eztabli:zkh tollerance for convergence

FOR I=1 70 3

RIS BE L F4S &

4 la=r2c I ! Begin generating partial area arravs,

HEXT 1

FOR J=4 T3 N

PEDIM H4C(Jy,varty tIncrenentally generats partial area arravs.

RE YO AL Y-S o

YA a2

CALL IntuncCl, Epsiton, <dce (42, R{J))

Frac:J '=A{J>. D ‘tCalculate fractional areas.

DI13F "Generating Rreas",t,R(I),FracdJ

NENT J

FOUR ¥=5 TO N

Dackr=ACK,~A(K=~1)

Deriv/KraDacki (X2 ¥ s=¥2 K=1))>

NEXT K

FRINT "TIMEC(3)> PRRER FRACT A AREA INCREMENT RATE OF INCRERS
Pea"
TPRINT LINC2»

FOR =5 TO N

PRINT USING 432@;XZ¢I1>,A¢1>,FractI),Dacl>,Derivcld,1

MHEXT 1

IMRGE DDDDXXAXX, DDLIKndN, . DDDRLVEXK, DDZ. DDDRHKKHKXAKK, DDZ, DDDRKICRANKHANK

CRALL PloviFraci#)> . Derivie’ 1>

MAT v2='(2+(1E-6) tlngure nonzero arguments
MAT Logd=L0G(Y2"

CALL Printer 2+, v2 o) Frac - #3,Logai+),H)
CTALL Plot2/X2C+) Fracis  ,N)

PRINT PARGE

CALL Plot3(X2rer , Logd*),H)

PRINT PAGE

CALL PFlotd4iFrac(e), Lagdrs)

SUBEXIT

SUBEMND

VB Lingar(X(+ ,?c4) H,AE,Regz:,Res88,Tot at53,Reqms ,Resms,F,Dfreg.L"res,Df
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tot,Roort ,Yariance ™

Tei0
seza
S030
5040
5859
Soee
So79
Sosa
So9e
Siee
S119
S120
S1309
5140
S15@
9169
S17To
s1€9
S13a
S200
°9s
5210
S220
5239
S24¢
%259
S2£0
Seve
52396
5299
5300
S31e
s3ae
5329
5340
$350
S369
$37
$33¢0
S$3%0
S400
5410
S420
S439
S44Q
S4%50
S469
5479
$420
5490
3500
SSi0
SSze
%30
3540
33559
$Se9
3570
3530
5539
3399
3600
S50%
Sé610
$s51%

!ow*s MODEL: Y2R+B#: w5+
ON ERROR GOTO PRomd

Abort =@

Y1sile2ex2ey25d

FOR =1 TO N

HinX1+4(1) Sum of X°s

[}
Yizyye 1) I Sum of Y'g
XN+ LoD ! Sum of X squares
WEmYZevClreval, ' Sum of ¥ squares
224Xy ] I Sum of XY’s
NEXT I
XimX1-N ! Mean X
Y1sYi/N ! Mear V¥
Ba(2-NeX1#r1)/(X2=-N#X1%X1)
A= -Bax1 .
TotalssayY2-N+Y1=Y ! Total Sum of Squar=zs
Fegess(Z-N#X14Y1) 2/ X2=-N+¥ 121>} Regression Sum of Squares
RessiaToralss-Regss t Resydual Sum of Squares
fegmsaregss ! Regression Mear Sjuares
ResmaaResiz (N-2) ¢t Residual Mean SqQuares
variancesSAOR(Resms - (2-NaX1#{1))
OFF EFROR
DEFAULT ON
FsRegns: Resms ! F Ratio
DEFAULT OFF
Dfreg=1 ! Degrees of Freesdom
Dires=N-2
DfrotaDireg+Dfres
SUBEXIT
Bomb: Abort=i
SUBEND
SUB Plot1iXi#),Y(#),N»

' Plot fraction reacted v: rate of reactiorn.
LmasERNMac oY N
XutrnaFNMIn(Xe#9, N>
ImaxsFNMax(A(4),H)
FminsFNMin (%), N>
LINFPUT “ENTER PLOTTER COLE:A=CKT,B=9872R",Plotters
IF Plottersll,11s"A™ THEN PLOTTER IS “GRAPHICS"
IF Filotters{l,1)=s"R" THEN PLITTER IS ?7,%,"98T2R"
GRAPHICS
LOCATE %,99,10,7S
SCALE Mmin,¥max,Ymin,Ymax
AXES «Nmax~Xmin)/ 4, VYna=Vmin) 4, %min,¥nin
FOR Ia] TO N
PLOT X<, ¥CDD
NEXT 1
LCRG 6
FOR JaXmin TQO Xmax STEP (Xmax-Xmin) 4
MOVE J,Ymin-Ymin, 20
LABEL USING "D.DDE*;J
NE®T J
LRG3
FOR rayminecYmax-Ymini-4 TO Ymax STEP (VYma<-fmind. "4
MUIYE amin-<min-&@,K
LABEL USING “"D.DDE“jk
NEXT &
MOVE Xmin,rmin-(Ymax=Ymind>-§
LORG 2
LABEL “Plot of Fraction reacted vs rate”
PAUSE
IF Plorsersli,11="R" THEN DUMP GRAPHICH
IF Plovrers{),1)o"E" THEN OQUTPUT ?,%;"SPO-IN"
ENLT GRAFHICS
GCLEAR




S

Se16
Scza
Ss30
S64@
Sese
5550
SET
2830
Se90
S700
ST10
5720
S73e
$740
$7s0
b1
b-Tard
<789
S759
3399
5818
3320
S§20
S840
58%0
S8€v
5870
5830
5858
S900
9319
3913
Tale
THIS
3339
Sa31
$93%
5240
$35e
5950
3979
5359
%959
cone
€019
£020
5830
. €033
€040
L1
€060
6970
6080
5999
6100
6119
6129
6130
€149
614%
6150
6169
6172
6139
6138
]
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SUBEXRIT

SUBEND

SUE PlotloN:*Y "f e N

! Plat il-Ffraction rracred’ vs time

LINPJT “ENTER PLOTTEF CODE:Re{RT,E=937IR",Flotrers
1€ Plotters(l,1)="R" THEN FLOTTER [$ "GRAPHILS"
IF Flotrers({1,1)="R" THEH PLOTTER I3 7,95, "ds8T72A"
15 Plotrers[i,11w A" THEN PRINT PAGE

GRRFMHICS

LOCATE 19,92.18,7S

FTRLE %0SY,X'N»,0,1

AXEY (X(N,=X(8)1,4,,2%5,X<%5>,0

FOR I=%S TD N

FPLOT Xcld 1=yl

NE:'T 1

LORG 2

FOP JaxXy%$) TO XN 3TEP “N'NI)=A(%)ird
MOVE J,~.02
~FBEL UIING “DDIL";J
NEKXT ]
MOVE (X(Ns=x<5)s 21T, ~,07
LABEL "Time (3eccnds)”
+ORG &
FOR K=,2% TO 1 STEF .25
MOVE X NI =320%53), 204X 5D, K
LABEL UESING “2,.DD";K

HEXT Kk
LORG 3

LDIR FI-2
MCYE (M(NI=X(521.20+4(5),, @5
LABEL “Fraction Unreacted”
PAUSE

IF PiotesrsCl,Y=s"R° THEMN [P GRAFHICS

IF Plovearsl!,11="E" THEN OJUTPUY 7,5;"SFPa, [N"
EXIT GRAPHICS

GCLERR
SUBENIT
SUBEND
SJB Plat3(RCea, {4,

CFlst of log displacement vs time
DIM Avk,BOH? 1Farsi1al Arrays for Kinetici CTalcularions
CINPIT “ENTEP PLOTTER CODE: AwCRT, B=38TIA",FPlatters
IF Plotters(],11="A" THEN PLCTTER I3 "GRRAPHMICS"
IF Florrersll,1)="F" THEN PLOTTEP I$ 7,S8,"S$872R"
SERFHICS
LOCATE 10,99,10,75
SLRLE NS0, X(M+,9,%
LDIR @
AXES (R(NHI=Xi53)-4,1,X{%>,8
FOP =% TO N

DRAU XC(Iy, YLD

NEXT I
LOPG & ' Labe! the axes

FOR 1s(%Y T x4 STEF 0 NI=X(5))-4

MOvE [,-.08

LABEL USING "DDD-:1

NEXT I

MHOVE (XR(MY=-X(S)) 2+% (%, ~.3

LABEL "Time (se¢c)”

LORG 2

FOR =1 TO ©

MOVE #iS)=,B1#CA (Y= %) ]

LABEL LIING "D.D";J

NE-~T

LDIF PI.2

LIRS 6
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6210
€229
€239
6249
62350
6253
6260
[ 313}
6279

€27

62890
eces
6299
6295
6300
6308
6319
5320
6330
£340
’
6350
€360
837
6375
63E@
66600
6€19
662
6615
6630
6649
€659
6660
6690
6700
6710
[ 343 ]
67230
67490
6750
€760
6770
6789
5790
€800
6810
6320
6830
6840
€830
6360
68790
6830
6399
5900
6910
6920
6930
€940
6930
6962
€970
69¢e
6999
7000
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MOVE X(S)>+.8%#(X(N:~X(%>,,2.9

LABEL "Lnidisplacement "

LDIF @

PAUSE

IF Plotrer$({i,12="RA" THEN DUMP GRRPHICS

IF Plovters$ll,11aB* THEN QUTRUT 7,%5;"SFO.IN"

EXIT GRAPHICS

GCLEAR

PRINTER (S ©

INPUT “ENTER TWO POINT HUMBERS FOR THE SLOPE CALCULRATION",S,T
HptsdaT=-S+1

REDIM Av1iNptsd?),BC(i{iNptsd)

PRINT LINC3)

FOR I=1 TO Nptsd

ACT eX(Se]~1D

Bilsray(S+l~1D> |

NEXT 1

CRLL L\niar(ﬂ(f) B(* " ,Nptsd, Int,S'p,C0,C1,02,03,C4,C5,C6,C7,C2,09,Var?
PRINT USING 63433R12, RprtsdJ.:lp,Var
IMAGE “Slope of plot bttwten times ",DDDD," and “.DDDD," se.onds iz “-D.DDE

v +s- ", D.DDE," sec-1"

PRINT LINC3>
LINPUT DO YOU WANT TO REFERT THE CALCULATION LSIAG OTHER POlNTS"“.Rptt
IF (Rpv$01,13="Y"> QDR (Rpt$(1,1]="u"> THEN GCTO €27%
SUBELIT
SUBEMND
SUB Plot(XC(#),YC#3,N)
REM Plot dA-/dt vs A and choose linear portion for kinetics
FRINT PRGE
OPTION BASE 1
FRINT LINC3)
PRINTY "Kinetics plot of dxs/dt vs %x. x = fraction decomnposed”
DIM X1CHY,¥VICND
CaFHMa~(Y{*%) ,N, D)
FaC 19
PLOTTER IS “GRAPHICS"
GRAPHICS
LOCATE 10,90,10,79
SCALE 0,1,0,C
AXES .29,2.%+F,0,9
FOR IsS TO N
MOVE X<I>,YC(l)
LABEL “+*
NEXT [
LOPG 6
FOR I=d TO 1 STEP .29
MOYE 1,-.19F
LABEL USING "2.DD";1
HEXT |
LORG 8
FOR 1aZ.S4F TO C STEP 2.S5+F
MOVE -.01,1
LABEL USING "D2.DD":1
NEXT 1
LORG 6
MOVE .S,~.8+F
LABEL "Fraction Decomposed”
LDIR P1-2
MOVE .02S,D+SsF
LABEL "Relative Rate"
LBIR © :
PRUSE
DUMP GRAPHICS
GCLEAR
EALY GRAFMICS
FRINT PAGE

PRy T L e
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TOIe PRINT LINTD

TAZQ® FPINT "Linear RKegressiron Aralviis of the Data”

va3e FPINT LINC2) )

TO40  INPLIT YENTEP BEGINnIMG AND ENDING FOINT FO? CURVE FITTINGY,Fegin,Erd

TR%O St3aEnd-Beginel

TREY  PEDIM XKI1uliFtszs,viiliPrsa)

THTH FOR I=1 TO Pirg;

Tago e le=N-Beginel-o

TS0 VivlsmviSeginel-1

7198 NEXT 1

7119 PRINT USING 71203¥1¢1),81¢FPts) .

7128 IMRGE "Plot is betuwsen times ",DDDD.D," seconds and ",DBDD.D," seconds.’

?132  PRINT LINC2?

7142 CRLL Linear«¥1 #>,¥Y1.#%:,Pts,A,B,C0,C1,C2,C3,04,C5.C6,07,C8,C9,V!

T1S® PRINT USING 7180;RB3. B>,V

T16d IMAGE "Rate Conztant 13 ",D.DDE, "sec-1i, Mean variance is ",D,DDE

TITD  PRINT LINC3I,

T189  VmaxsFHMax Ll P, 10

T190 vmac=FNMAL YV lier FPrg, 10

7208 AminsFNMin.®1{e ' Peal

7410 YminsFNMiIincYi(#),Pra

7220 E=(/ma<-d¥mind> 1@

?230 F=(Ymax-Ymin:-'19@

i 7249 PLOTTER IS "GRAFHICS"

' 7250 GRAPHICS -
?26¢ LOCRTE 20,100,209,%0

' 7270 SCALE Xmin,Xmax,Ymin, Ymax

' 7269 AQXES 2#E,2#F,xmin,Ym\n

7259 FOR I=1 70 Fts

733 MOVE X1iD),v¥1¢1)

?319 LAREL "+

7329 NEXT !

?33¢ FOR J=1 TO Pis

7340 Y1(Jim¥iJieBeR

7358 MEXT J

T3ED  MOVE Hicld,vi‘cy)

737 FoRr I=1 TO Pts

7330 DRAW X1l widl

7390 NEXT 1

7408 LOFG 8

TA41e FOR Issmain TO Mmax STEP 2:E

7429 MOYE I,¥min-,1*F

7436 LABEL USING *Z.DDD";!

T440 NEAT 1

T+5@ LORG 8

TaeD  FOR [sYmine2#F TO ima< 3TEP I<F

7478 MOVE Xmin-,04%E,1

7432 LABEL USING "DZ2.DD":1

7390 MEXT I

7350¢ LORG 6

73106 MOVE Xmin+S+E,Ymin-F

?%52% LABEL "Fraction Decompozed®

7830 LDIR PI. 2

734D MOYE Xmire+ 4%E,Ymin+S+F

?%%50 LARBEL "Felatirve Rate"

7%6® PAUZE

Ia-1d DUMP GRAPMICS

7398@ GCLEAR

7399 EXIT GRAPHICS

7802 LINPUT "DC 70U WANT TO REFERT THE CALCULATION™" Repeats

TE1d IF Repeat${1,1)="/" THEN S0TU To00

7520 SUBEXIT

T€33 SUBEND

?T0d  DEF FHMon(A(») N>

??1¢ MinsAil)

TP20 FOR I=1 TO N
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7730 IF ACIX<Min THEN MinsAcl)» !

7740 NEXT 1

7752 RETURN Min

77€@ FHEND

7e7 SUE Printer . Tine(s),Dispt 4, Fraci=),Loga(+), N>

?76@ ! Print out values used in kinetics calculations

7799 DISP "CHONSE FFINTER AND PRE:S CONT"

7300 PRUSE

7310 PRINT “Frw Timeisec, b4 Log<() a <1-a) L

n _108+(1-ar"

7320 PRINT

7830 FOR 1=S TO N

7835 IF Fraccl,=1 THEN 50TQ 7876

7843 PRINT UIING 78601, Timel1>,Dispild,Loga(I),Frac(l), 1-Frac I),LO0GC100#%<1-Fr &
[ XS S AP

78S NEXT I

T8ED IMAGE DDDXXXXX,BDDDKXXAXX,DDD.DYXKXX.HZ.DDDXKKKV,:.DDDKXX,Z.DDDKXXHX.HZ.5
3D

7370 PRINT PAGE

7889 SUBEXIT

7890 SUBEND

7980 SUB Plotd(x(#),Y(#>,2)

T981  DIM UC2),V(2)! order plot of log(displacenent) us 1og<100%(1-a))
v9@S  LINPUT "ENTER PLOTTER CODE: CRT=R, 9872R=3",Plotters
910 IF FPlotrersil,11="A" THEN PLOTTER 1S "GRAPHICS" '
7915 IF Plotrters(1,13="B" THEN FLOTTER IS 73S, "9872A"
7920 MAT :=(1)-x

7925 MRT X=(100)#X ! Eliminate negative logari’hnms

7930 FOF 1S5 TQ 2

7933 IF 1(I)=3 THEN GOTO 7937

7935 X(I,=L0G(X(I)>

7937 NEXT 1

7940 As=S

79%0 (=%

7970 LOCATE 15,%0,10,80

7980 SCALE @,R,0,C

7985 SHOW 9,A,9,C

7999 ANXES 1,1,0,0

8889 FOKk =S TO 2

8902 1F v(1><@ THEN Y(1)#@ | igncre negative logarithms,
8003 IF X(I>(@ THEN X(l)=®

8010 FPLOT X<IY,v(D)

8620 HEXT 1

8025 LORG €

3032 FOR Is@ TO A

80408 MOVE 1,-.02+C

8030 LABEL USING "2.D";1

8060 NEXT I

3070 MOVE A-2,-.08sC

8088 LABEL "Ln(100#(i-ad)>*

869S LORG 8

2098 FOR [s: TO S

9130 MOVE ~,22+#A,1

8110 LABEL USING "D.DD*;1

9120 NEXT I

813@¢ LDIR PI1-2

8140 MOVE ,9%+R, . S52C

8130 LOPG s

8160 LAREL "Ln(displacesent)”

8170 PRUSBE

8180 IF Plotters({l,1)s"A" THEN DUMP SRAPHICS

8199 IF Plotters(i, 1s"B" THEN QUTFuT TyS;"SPO-INY

8200 LDIR @

8219 EXIT GRAPNICS

8220 GCLFwP

3230 INPU” “ENTER TWO POINTS FCOR SULOPE CALCULRTICH", B, D
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32%0
260
2Ty
3280
82%e
8709
3319
20
8330
e
8349
33%0
3369
3370
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Tkt isleBel

SELIM U 1i0ptsr, ¥ 1I0E 5>
FOR I=)1 TO Qpts

DR AL PYS 23 &3 B

v lrav(Bel-1)

nEgvT 1

SALL Linear-Uces e Qors, Int S1opa,C@0,C1,02,050,04,0%,06.07,03,09,Yar

PRINT LIN(3)

ERINT USING 33Z2;Ufl " ,L{Qptas,3lope,Var

IMAGE "Slope of corder curve between values ",D.DD,"
‘s DDD

CIRFUT D0 V0N WANT TO REPERT THE CRLCDLATI®N. L Azar
IF oAgarnsli, 133y THEN GQTO) 2L2@

IOBENLT

SUBEND

and “,D,.DD,*

r¥

13 -D.TD,
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FF#OGRRY FOF AQUISITION AND ANALYSIS OF CONSTANT WERTING FATE -
NIFFERENTIAL 3CANNING CALORIMETER DATRA,

10 OFTION ERIE .1

N DIM V{008, Terur 1080 ,..2(1002.,¥Y3.1000>

30 FRINTEP IS té

40 PRINT LINGO

5@ FPINT “Dats squisiti10n program for the Scanring Mifferential®
6@ FPRINT "Calorimeter. Use scannming digital wsleneter line”

hd FRINT "9, Ordinate a-is 1s calibrated for 10 miYl:iuoleg”

82 PRINT “fu)) scale. Tewmperature 13 calcula*+d a3 TIME - *

3¢ FRINT "HEATING RRTE. Data 13 taken a* the aoprs t.ate rate L
102 PSINT "of ane po'nt per 3 seconds. Edit line 312 *o change rate"”
1.3 PPINT

122 FRINT "Follow the CRY promp?s. Press CONT ro ernvter Jats®

136 FSINT *into the computer or to have a plot on *he CPT put”

140 PRINT "3nto the thermal printer, Terminate the program b wressing”
135 FRINT “ST0P, Eart kS 1f you want additir1oral gravhics features.”

142 FRINT
156 PRINT “EDIT THE FROGRAM AND PRESS CONT"
1%%  PAUSE

160 FRINT PRGE

170 FRINTER IS O

130 DIM AE{60),F3L€01,C8(80)

190 LINPUT " ENTER TEST IDENTIFIER, LINE 1",AS

202 LINPUT "ENTEF TEST IDENTIFIER, LINE 2",.B$

219 INPUT " ENTER INITIRL TEMFEFATURE OF THE RUuN % ",Tinre
&20 IHFUT "ENTER THE HERTING RRTE IN DEGREES € per MINUTE",Rate
225  INFUT “ENTEF MASS OF 3RAMPLE 'mg ", Samplemass

F] INPUT "ENTER SENSITIVITY ‘mcal-sec)",Sensitynty,

230 FatezParg- €3 I!Convert rate to degrees per :econd.

4@ PRINT L1NC3)

29@ PCORINT RS

250 FRINT BS

7 PRINT USING Z38:Tinit,Rarescd

2T FRINT USING o3%5i5amplemazi,3ensrtivity h
280 IMAGE ‘Initi1al Tempe-ature 1's “,3DD," K Heat'rg Rate is “,DD," degrain”
28%  IMAGE "Mass of zample s “,DD.DDD,™ mg., Sersrciroaty is *,DD," mcal) sec”

299 PRINT LINC2)
309 REM The following lines corfigure the scanning digital voltmeter and time
. clioch and set hkey irterupts. j
210 OUTPUT 701;"R HD @"iConfigure DVM for 1nterupt transfer.
320 ON ERROR GOZUB EscapelEnadle run errors to be corrected.
330 ON KEY #7 GOSUE End!Operator termination of data agquisftion,
338 OH KEY #8 GOSUR Exis
340 ON INT #7 3S0SUB Read!'Branching routtne for da3°a traniver,
3Se OQUTPUT 31"A.UI=l2"1Configure clock.
262 CONTROL NMRASK T3128'Look for interupt flag.
379 PRINT LINCQ)

27 PRINT "JTEMPERATURE (K- QRDINATE POINTH"
380 PRINT

36% ley

3:Q DISP "Press CONT to begin data aquisition®

400 PAUSE

419 QUTPUT 93 "ULG"!Start the clock

420 DISP “FRESS n7 TO TERMINATE DATA GATHERING™

430 CARD ENADLE T'Allow DVM interupts to take place.
440 IF 1<{1008 THEN GOTO 440

430 DISABLE
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480 FRINTER IS 18

470 PRINT “ALLOCATED COFE STORAGE I3 FuULL®

480 PRINTER 15 ©

490 GOSUB Eng

%008 £ite QUTFUT 73t '#~

59% STOP

510 Read: t INPUT JRTR FROM DSC

520 ENTER 701V D)

525 VLolomY Ol 1000420 Tonvert millivolts to 2 0 1o 18 scale.

S30 CUTPUT 9 "ULve

349 ENTER 5;Time

S%0 Teuprl /sTimesFPate ' 1008+T1n1t

S60  PRINT USING S70;Temp(l,,' o121

s7e IMAGE DDDDXXKKXXXXKKKXXKKX, MDD. DDX¥XKXKXX, DDDD

$se Isl+t

[ 1.1-] QUTPUT 7015 "@*

€60 CRRD ENRBLE 7

[y ] RETURN

€30 End: ! Process Data

68T (1ywv(2> Bad data point 2lininaror

890 Temp¢12=Tinit 'Make s3ure first point 18 correct

700 Npts=!l-2 ‘(Eliminate e-traneous Jata points

710 REDIM v{Npts’,TempiNpts) !Condense the arravs.

Teo MininunsFNMRinCY )  Npts?> 'Catculate lowest «o7®age output from DSC.
73 MAT Yav=-(Minimum) 'Set zer: poInt as lowest output voltage
?79 CALL Graph As,Bs, Temp(ay,Y (%>, Npts)

’20 LINPUT *DO rOU WANT THE DATA STORED?“,Cs

299 IF Cs${1,1)a"Y" THEM CALL Store(AS,BS, Temp(* ,¥Y(#),Nprtg,Tinit,Rate,Sanglema
ss,Senzitivityd

800 LINPUT "DO YOU WANT TO EXFAND THE FLOT",DS$

810 IF DSC1,1)m"Y" THEN CALL Expard(AS.BS,Temp %), Y 2>)

828 LINPUT *DO vOU WANT TO MAKE R LINEAR BASELINE CORRECTIONT,ES
330 IF ESC1,1)="y" THEN CRLL Transform(AS,BS,Temp . #),Y %) ,Npts)
338 PRINTEF 1S 18

836 PRINT PAGE

837 PRINT "Peal integrator using an arbitrary daseline correction”
938 FRINT

839 PRINT "Da*a point numbers correspond to origional data list®
840 PRINT LINC2>

841 PRINT "The baseline is calculated uzing & staight line from the first to
the last data point”

842 PRINT LINC3»

84z FRINT "Press STOP if you wish to terminate the program, Press CONT if
[ wish to continue."

844 FAUSE

84s PPINT PAGE

843 INPUT "ENTER BEGINNING AND ENDING POINTS FOR NUMERICAL INTEGRARTION",Begin,
End

%0 OptasEnd-Baginet

032 PRINT USING 0S4;0pts

8S4 IMAGE “ENTER 1t AND *“,DDD," FOR INTEGRATION LIMITS*

[ L1 REDIM X3(Qpts),Y3capts>

838 FOP L=t TO Qpts

860 Y3/LsesY(LeBegin=1>

36s x3L)=TempCi+Begin=-1">

864 MNEXT L

8¢é S1opel3n(Y3(Qptsd~Y3(l s (x3¢Qpt8r=X3(1))

L L | LEscIa ¥

866 FOR L=1 TO Qpts

870 YIWINYIL~SIope3w(X3(L -43C(12)~B

"2 NEXNT L

87e Cs$=384"! Expanded plot peak 1ntegration”

7€ CALL Graph2 Q8,C8,4 2 #),°3(#) ,Qpts,Aread

87s LINPUT “D0 YQUU WKANT TQ CONTINUE WITH KINETICE?",3tops

830 IF Stop8ll, 10« >"v" THEN GOSUB Exit

381 CALL Rinetics A8, C8,%X3 s ., 737>, 2crs,Area)
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%10

920
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1808
1910
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1920
1030
1040
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1110
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G0T0 300
Eicape: t (orrect ar' run &rrors.
CRINTEK IS 1&
FEINT ERRM82" GEEFRTEL. EDIT PROGRAM AND PRZ3: CONT,"

PRUSE

PEINTER IS @

SETUFRN

LUR Store A BE,Xver, Vi ey N, TO, R, Sm, Sers”

CPTION BRIE ! 'Subrautine for storing dava from X-Y plotter 'nput.

SHORT R N*, 3N

LINFUT “EMTER MRSS STOFRGE MEDIUM",FS
LINPUT “ENTEP & CHARACTER FILE NRME",GS
Gss s 1 "4FS

CREATE GS,N/9

ASSIGN #2 YO0 G$

PRINT #2;AS$,E8.N,TR,R,Sm,Sens

MAT RsX

HAT SsYy

MAT PRINT #2:Ff,%

PRINT LINCES

PRINT “DATA 1S STORED IN FILE "LCHRS$C(341;GH;CHRECZA)
ASSIGN #2 TU +

SUBEIT

SUBEND

SUB Graph AT, BS,Kc»), 73 N)
OPTION BR3E 1!
INPUT "ENTER PLOTTER CODE: 1sCRT; 2s9872R",Code

1F Code=2 THEN GOTO 1270

PRINT PRGE ISubroutine for plotting data from an X-Y plotter
PRINT LINCZ: lusing the 1nternal thermal printer.

PRINT fAs

FRINT BS

PRINT LIN'3

DIM C$L€Q1,D8(650)

LINFUT “ENTER X AXI!S LABEL IF OTHER THAN TEMPERATURE <{K>",Cs

IF Cs="" THEN C3="TEMPERRTURE (K>"

LINPUT “ENTER Y AXIS LAEEL IF DESIRED",DS

IF L§="" THEN D$="Relative Millivolts"”

FeFNMa<(Y(#) N>

BsNINI=X(1)

AxF

LINPUT *DO YOU WANT A MAXIMUM ¥ USED FOR THE GRAPH INSTEAD OF THE CALCULAT

ED MANIMUMT . JS

1329
1330
1342
1350
1360
‘1370
1380
1390
1400
1410
1420
1429
1440
1480
1430
1509
1819
1520
1530
1340
13389
1569
1370

1€ JSL1,1)m"Y" THEN INPUT "ENTE® vmax",H
IF J$(1,11e"Y" THEN A=H

IF Code=2 THEN PLOTTER IS 7,%,"987T2R"
1IF Code=1 THEN PLOTTER IS “GRAPHIC3"
GRAPMICS

LOCATE 15,990,1%5,75S

SCALE X(1),X(N),@,h

AXES B/4,A-19,%X(1),0

MOVE X<1Y,¥<1)

FOR Ie: TO N

DRAK RACId, Y1)

NEXT 1

PENUP

LORG 6

FOR 1=AC1> TO X<N> STEP B. ¢

MOVE I,-R-100

LRABEL USING 1330;1

NEXT 1

IMAGE DDD

LORG &

FOR I=A-10 TO A STEP A/10

MOVE -B/100e%X:1),1

LABEL USING 159031
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1980 NEXT !
159@ IMATE DD.D
1600 LURG 6
1616 MOYE B-I+X(1.,-R-19S
1620 LABEL TRIMS(CS»
1638 LDIR PI.2
1640 LIRS 4
1690 MAIVE -B/10+X{1),RA°2
1623  LRBEL TRIM$SCD$>
1870 FPRUSE
1688 IF Code=!: THEN DUMP GRAFHITS
1690 EXIT GRAPHICS
170@ GCLEAR
1710 SUBEXIT
1729 SUBEND
1730 DEF FNMaxCA(#*>,N)
1740 MaxsR(1)
730 FOF 1=2 TO N
1760  IF A<I>>Max THEN MaxsAcl)
L7T8  NEXT 1
1758 RETURN Max
1799 FHNEND
2092 SUB Expand(C$,D$,X(#),Y(#))
2019 OFTION ER3E 1
2020 DIM 2{19000>,T(1009),R 1008)>,W 1000
202% DIM I$(80),R$(89)
2030 INPUT “ENTER LOWEST AMD HIGHEST DATH FOINTS FOP PLOT EAPANSION <P1,P2°",P1
P2
2040 N=ABS<F2-Pi)+l
2058 REDIM 2(N>,T(ND
<062 FOR l=1 TO N
2070 Z(ls=XC(l+PL-1>
Z088 T(l,syilePl-~-1)
2099 NELT 1
2199 I$=DSL"-EXFANDED FLOT"
2110 LINPUT "13 THIS R BASELINE CORRECTED PLOT".M$
2120 IF MEL1,117°"y" THEN GOTO 2175
2130 IF MS(i{.1)="Y" THEN CALL Printz(C$,18,2(%),T(%;,N.
2148 IF MS[1,11="yY" THEN CALL Graph2<¢Cs$,1$,2¢4),T(*), N, Area’
2141 PRINTER 15 16
2143 PRINT “DO YOU WANT TO INTESRATE THWIS EXPANNED PLOT USING ANOTHER BRSELINE
CORRECTION?"
2144 LINPUT NS
2148 PRINT PAGE
2146 IF NSC1,13<."Y" THEN GOTO 2170
2147 INPUT “ENTEK THE DATR POINT NUMBERS (new list) FOR ORDINARTE POINTS *,F3,P4
2148 MxsP4-P3e+]
2142 PEDIM R(Mx) WM
2199 PRINT USING 21%2;3Mx
2192 IMAGE “USE 1 AND *,DDD," FOF INTEGRATION LIMITS"
2133 FOR K=1 T0O Mx
2154 RC(K)I®2(K+P3-1)
215% WK 'aT(R+P3-1)
<15€  NEAT K
<157 R$s"Expanded plot: Arbitrar: Baseline correction for curve integration.”
212 Slopes (M) =N )/ (RMxL=R{LD)
2159 BbeN(l)
21352 FOPR Ksi T0 M«
2183 HW/K)sH(K)-Slope2#(R7K)=R(1>)>~Bb
2164 MEXT K
216% CALL Graph2(CS$,R8, K 2>, N(#) M, Ares’
2170 IF Ms{i,1)="Y" THEN SUBEXIT
2175 CALL Graph C8,18,2¢%),TC(#)>,NY
2188 3UBEXIT
2183  3SUBEND
21922 ZUB Transferm F8,08,8(#), V(> N

61
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2c¢e OPTION BRSE 1| ! Lindar basdling correcticr for 2 variabl'e plots,
2219 DiM Ynew(N)

2212 INFUT "ENTER POINT HUMBER TQ BEGIN RASELINE CORRECTION",Qpt
2215 DIM W(30]

al0 SE NiQpto+Y(Qpt++ (Qpt+l)1,3 ' Auerage three points
2270 WElYINDIHYIN=1IY$Y(N-2)-3 ) for 3lope calculation.
2230 Slopes=<v=3"-IX(N2=X(1))

22%9 F2oF Is1 TO N

2289 Wnew(l:i=viId-Sloper i lo-K(1y,-3

2278 NERT 1

<289 HE=Gsi"iLinear baseline correction”

2290 JALL Gragh2(F¥,HF, X #) ,Ynew *) ,N,Arza’

2330 LINPUT ”"DG YOU WANT THE PLCT EXPANDEDT",N$

2335 IF NsC1,1)="7" THEN CALL Expand(F$,MH§,X (%), ‘new(+))
23498 CSUBEXIT

23%9 SUBEND

2400 DEF FHMa<abs R(*) N>

2419 Ma-sARS AL

243 FOF =2 TO N

24:2 [F AEBESCHACIYI>Max THEM Max=ABS<R(]

490 HEXT 1

2441 PETURN Ma-

2432 FHEND

24%D DET FNMin«Buie,N.

2450 Min=E. 1D

2479 FOR [=2 TO N

2439 IF BulY<Min THEN Min=B(l,

2498 NELT I

2338 RETURN Min

2519  FMNEND

2602 ZUB Graph2(AS, BE N, ¥(x 4, Integrald

2631 OJPTION BASE 1

2605 FRINTEF IS ®

2610 INFUT "ENTER FLOTTER CODE: 1afRT; Z=9872A",Tode

261% IF Code=l THEN G070 2670

2€28 FFIMT PRGE 1Subroutine for ploteting data froew an l=~Y plotter
Q€EIQ PRINT LINCRY Tusing the 1nternal thermal printer,
2649 PRINT RS

2659 PRINT BS

2669 PRINT LINC3)

<670 DIM £8{30),030(80],Ux(1008),Vyl@ad>

2871 PEDIM Ux(N),Vy(N)

267% LINPUT “ENTER ¥ AXIS LABEL IF OTHER THAN TEMPERRTURE (Ky",C#
2878 IF C3="" THEMN ($="TEMPERATURE <(k>"

L8677 LINPUT “ENTER ¥ AMI3 LRBEL IF DESIRED®, DS

<623 IF Dsw= " THEN D$="Relative Millivoles®

2620 FaFNMa>abs(Yi#), N>

2699  B=XrN)>=-X(1)

27990 AsF

2718 LInPUT *DO YOU WANT A MAXKIMUM Y USED FOR THE GRAFH INSTERD OF THE CRLCULAT
ED MAXIMUM", TS ’
272@ IF 16L1,11%"Y" THEN INPUT “ENTER Ymax",H

2?40 IF J${1,13="Y" THEN AsH

27%9 1F Code=] THEN PLOTTER IS "GRAFNICS"

278T  IF Lode=2 THEM PLCTTER IS 7,5,"9872A"

2769 GRAFHICS

277@ LOCSTE 1%,99,15,7%

27230 ECALE N1 ,X(N),=-A.R

L7908 RYES Br4,A10,X(1),0

2809 MOVE X{1),Y<(1)

2819 FOR fs3 TO M

2829 DRAW X(D>,v(<(I)

2830 MEAT |

2849 FENUF

2830 LORG &

2890 FOR (=X« t, TO X(N: STEP B 4
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%99
2919
2928
2939
2949
2958
2968
£Te
zZ33e
2999
3800
3010
39209
3030
3940
30%@
3968
3862
30€S
38E5
DED:"
3067
3068
3069
3079
3071
3072
3073
3974
3073
3076
3077
3eTs
zere
3089
pDDD.
3oel
3085
3990
3095
3100
3119
3120
3139
3140
31%0
316@
3170
3130
3170
3200
3210
3oce
3230
249
3259
3269
3270
32389
3400
3420
3490
33.0
333e
3340
33%0
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MOVE 1,-R 190

LABEL USING 293931

NERT 1

IMASE DDD

LORG §

FOR I=-f TO & STEP R-10

MOYE -B- 1R0+XC1),1

LABEL USING 2398351

NEXT 1

IMAGE MDD, D

LORG &

MOVE B/2+X¢1),-A-1S

LABEL TRIMS.CH)

LDIR P1-2

LORG ¢

MOVE -B-1@+X{1,,Rh 2

LABEL TRIMS$cD$y

LINPUT DO YOU WAMT TO INTEGFRTE PART OF THE LUMR.E",C%

IF 0%01,13- >y THEN 5070 20&%

INPUT “ENTER BEGINNING AMND EHDING DATA P2I16T nUMEEFZ FPOM HE-w 3ET IF €
yStart ,Finish

REDIMN UxiFinish-Start+1,YolFimsh-3rart+1?

J=1

FOR I=Start TO Finish

Ux(JosaeTn

Yy (Josy(l) -
MOYE XCI3 ¢y

DRAN X(1),0

PENUP

JeJ+)

NEXT 1

Epzr'lon={E-8

CALL Intun(l-1,Epzilon,Broe Voo Integral :

FRINT LSING 20385Uxto,Uxc =1 Inreqaral

IMAGE "THE AREA REPRESEMTED BV THE SHMDED SEGICN FETUIZH DOMAIN - ALUES
bD," AHD ", 0DDL.DD," I3 “,MD.NLLE

PRINT LINC2:

LINPUT "DO YOU WANT GRAPHICS FRINTOUT YIS THE THEFMAL SR INTEZ "¢, LE¥
IF <L$[1,1)="y") AND <Cogde=i THEN DUMP GRAFMILS

EXIT GRAPHICS

GCLERR

SUBEXIT

SUREND

SUB PraintcCAS, B, i) Yo%)l

OPTION BASE 1

PRINT PRAGE .

FRINT "DATA POINT PEMUMBERING FOR BASELINE TORFPECTED , EXFANLED FLOTT
PRIMT AS

PRINT BS

PRINT

PRIMT "DOMAIN “ALUE SANGE MALUE NEW [ATR POINT MUMEER®
FRINT

FOR I=1 TO M

PPINT USING 22BN I, vilil

HEXT |

IMAGE DDDD. DDAMKS AN
FRINT LINCE
SUBERLT
SUBEND
SUB IntuniN,Eps,XCa),Y(#),Int) | Cubic Spline Irtegrarar
Raddtasi{MN<=e3: QR ¢Mcl)daX(NY) OR Eps =8)

IF Baddrasd THEN 3600
FRINT LINCZ.:,"EPROR IN SUEBFRQCEPM Intun.,”
PRINT USING 3542;N,Eps, Xulr urN®

iMAGE "H=" DDD,5X,"Ep:is" MI.SDE, , "H(1vE* MI,ETELT .M owe=t MIL,EDE,
PRUSE

63
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GOTQ 3439

OFTION BRASE 1

DIM Be2iN-13,80>, G 2iH-1"
FOR I=2 TO N-1

H=lo el s=¥{]=-1D

LEISS IS CIVENES GRFNS TS EE R
SClr=2=T
GaIX)=3+T

€xT 1

3
*

ol

b

=3iMr=@
-4*3QRC3>

R

Mo E o
DD e

122 TO N-1
T2aUWx(=S(I3=BCla*3(I=-1.=¢,5-Fc] s%5 I+l
H=RBS: T)

IF H:U THEH U=H
SiTv=3Cl T

NEVT 1

IF U.=Ep3s THEM

Int=9

FOR I=1 TO N-1
LEFER €3 DL ]
Irtslnt« ¢, SeH#Y Io eI+l

NEXT 1

SUBEND

SUR Kinetics AF, B Ni®r 0=
CPTION BASE 1

GN ERRCR 50%UB Trap

DIM Logad Ny Fract s iN:  TempyMi) A $IN. DN - Dfrg:oe
CALL Printz A, RE,Xi+ > Ve ,H)>

PRINT PARGE

PRINT LINZ)

PRINT Az

FRINT ES$

PRINT "Fireti1¢s determinaticon’

PRINT
PRINT

v

LT e

3v4a

el 24sHO 3R e

u

NLBrzas INCr:

"Tamp K 17 Araa Frazt.

PR D VRN £ I

Slet

isthernal

LN‘3rdirate -

1)

DSC vinetrca

StHo COND

Peiatii'g P

Pra®
FRINT
MAT Temp=<(]d X | Calcutate 1 T.K>
FORF I=1 T2 N P THAURE MO NEGATIVE ARGUMENT
IF vi1:=1 THEH 50TC 4140
Legd: Iv=L0GeY Lo
S0TO 3148
Logdi 1 =@
NEXT I
EOR l=y TO -3
CelreXcl)
Dclomyald
NEXY I
Epsilon=1E-6
FOR I=4 TO N !CALCULATE PAPTIAL RPEAS
REDIM Cu 1), DI
Cclrsxel)

1 I BEL XS B

CALL Intun{l,Epsilon, L), Dra  Pyrrial_area’
Fract(lo=Partiai_area firea

DISF Partial_a-~ea.Fractdl I

NEXT 1

FOR I=% TO N

Ufracr /loaiFracr(l
NENT I

FOR 125 TQ N
PREIMT USING 426230

'SET UF RARRAYVZ

=Fractol=fr. SOl =l t=10

T, Tanp [>,Fracr el ,Lagd !

Dfract e, l
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43%@ NEXT I
4355  FRINT
42¢8  IMRCGE DDRDDKXKH D DDEWNANX, 2. DDDNUARAKRANIK,y MD, DDA KK KR A B DIEAY - IDD
427 ! PLOT Dfract w3 Fract AND CMOOSE LINEAR SELTION FOR KEINETILS
4329 PRINT PRGE
4399 PRINT LINYSS
4498 FPRINT "Kingtics plot of dx/dT vs x. x = fraction decompoied”
4419 PRINT LINC3D
4440 CaFHMa<y(Bfracti+>,N>
4450 D=FuMiny(Dfract ($>,N>
4469 E=.1
4479 F='0-D2-10
4475 INPUT “ENTER PLOTTER CODE: 1sCRT; 2=9372A",Code
4488 IF Code=i THEN PLOTTER [5 “GRAFHICS®
4435 IF Codes2 THEH PLOTTER IS ?2,%5,"9872R"
44990 GRAPHICS .
4590 LOCHTE 1%,90,1%5,7S
45406 SCALE 8,1,D,C
4520 AXES .2,2+¢F,0,D
4930 FOR I=5 TQ N
4%40 MOYE FractCl),Dfractcl)
4550  LRABEL “+¢
4%69 NEXT 1
R 4372 LOFG &
4380 FOR [=® 7O | STEP .2
43599 MOVE [,D-.1sF
4602 LABEL USING “Z.DDD";1
4610 NEAT [
4629 LORG 8
4632 FOR 1=D+2#F TO ¢ STEP 2#F
4649 MOVE -.01,1
4650 LPABEL USING "D.DDE";1
4668  NEKT 1
4679 LORG 6
4683 MOVE .5,D-.3aF
4698 LAEBEL "Fraction Decomposed™
4700 LLIR P1-2
4716 MOVE .025,D+3+F
4729 LABEL "Relative Rate”
4739 LDIR O
4749 PRARUSE
47%2 IF Codesl THEN DUMF GRAPHICS
4769 GLLEAR
4779 EXIT GRAFHICS
4788 PFINT PAGE
4796 FPRINT LINC2)
4899 PRINT "LINERR REGREISION ANALYSIS OF DRTAR"
4818 PRINT LINT2) .
4829 INPUT “ENTER BEGINNING AND ENDING FOINTS FOR CALCULRTION".Begin,End
4830 PtswEna-Begir+l
4849 REDIM T2 Pts),F2(Pets)
4850 IMAGE "Ploy is between tewmperatures ", DDDL," and *,DDDD," Kelvin®
4863 FOR [={ TO Prs
4861 T2(1)=Temp ' Beginel~-1)
48€2 F2«1rsLogd(Bagin+l-1,
4965 NEST 1
4865 PRINT USING 4330;1-T2(1),1-T2(PrLs?
4870 FRINT
4889 CALL Linear(T2c#) F2c#>,Pts,A,B,C0,C1,02,C%,04,0%,06,07,C8,0%,V
4890 FRINT USING 49Q0;~E»1.9872'Activation energ, in “al./mole
439%  PRINT USING 490%;v

-

- 4300 IMARGE "Calculated actrvaticn anergy (linear regrexsion) ¢ ",D.DDE,"’ ca''m
ole”
439% IMAGE “Mean slope variance is ",Z.DDDE," cal mole”
). . 4910 FRINT LINC3,

4320 imac=FHMaAx Tora, 1, Frad
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4330
4940
49%0
4968
4979
4980
4983
4990
Seoe
sSete
sSez20
sSe3e
S040
3esa
Sesu
Se7e
Se3d
Seve
5299
S1e9
S110
S120
S1ed
3159
S160
3170
$180
S2098
52190
Saz0
$230
32480
$2%0
S2ée
Sz7e
S28@
5299
3390
3318
$3z0
$330
5340
$344
$343
$3%0
$3%1
$3%2
5395
8360
save
S3ee@
3399
S400
S410
S420
S430
Se40
S45e
S460
3479
S430
S490
3300
s?e0
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CminsFNMIin2(T2o# 1 Prs

taa WFNMa-2¢F2(*7, 1, Pts)
CminsFNMIin2F2(#), 1, Prs?

E=i Nma<=Nmin)-10@
FaiYmax=-Ymin) 10

IF Code=1 THEN PLOTTEP IS "GRAPHICE"
[F Codes2 THEN PLOTTER % 7,8, 927R"
GRAPKHICS

JOCATE 1%5.,39,1%,7S

SCALE Xmin, ¥max, YRirn, 'na.

AXED DB 2%F,Xmin,Ymin

FOR I=1 TU Pts

MOVE T2(ls,F2C1D

LABEL “+"

NEXT 1

FOR J=) TO Pus

FRiJ =k<T2CJ)+R

NENT I

MOVE Tl ,Fails

FOR J=2 TO Pt;

DRAW TLC T2, Fedls

NEXT §

LORG 6

FOR Isdmin TO Xna: STEF IsE
MOVE I,7"min-.1¢F

LABEL USING “D.DDD"; 11000 -
NEAT 1

LORG 8

FOR I=Ymin+l#F TO Yma: STEP I#F
MOVE Xmin-,04+E,1

LABEL USING “MD.DDD";I

MEXT I

LORG 6

MOVE “min+S+E, Ymin-F

LABEL "1 - T¢K)> > looe"

MOVE Amine, 42E, ' 1n+S~F

.DIF FI1-2

_RBEL "In (drisplacement)”

FAUSE

IF [ode=l THEN DUNMP GRRPHICS
GCLERR

EXIT GRAFHICS

LINFUT "DO YOU WANT 70O REPEAT THE CALCULATION™",Repeat ¥
1F Repeatfl1,1]="Y" THEN GOTO 478@
SUBEXIT
Trap: DISP ERRMS

PAUSE

GOTO 4040

DEF FNMaxy(Xie N

Max,sX(S5)

FOR I=S TO N

1F X/ 1> >Maxy THEN Maxys¥(I>
NEXT I

RETURN Maxy

FNEND

DEF FNMiny(X(#) N>

MinuveXrS)

FOR 1=S TO N

IF X<(I)><Miny THEN MinusX(1.
NEXT !

RETURN Miny

FNEND

SUBEND
3uUB Llncar'X(!‘,Y(O:.N.ﬂ.B.Qoqs;.ﬂeass.Tolllll.kcgms,ﬁcsns,F.Dfrog,b*rcl.nf

1ot ,Adore ,VYarsance '
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ST10 ' erx MUDEL: YSA+BaX see
5740 ON ERROR GOTO Bemb
5?39 Rborrag

87348 ViaxlaZsXlsvi=e

$TSO FOR I={ TO N

Tse “imylexdl ! Sum of X‘s

5770 Wim¢pev oI ! Sum of Y- s
5T80 NEEXESHRCI I #XC] ) ! Sum of X squares
ST50 FIRTRTCLIRY LD ! Sum of Y squares
5809 2aZ+X i Joev D) t Sum of XY’s

3318 NENT |

S820 Xi=¥1-N ! Mean X

5830 Yisvy! N t Mean Y

S840 B=(Z-N#X1#Y1)/(KZ-NaX1*X1>

S350 R=vi-Bsxl

S2S80 TotalisgsVI-N¥Visyl ! Total Sum of Squares
9370 RegrzavZ-N+X1#V13 2 (K2-N+.{1#X1)! Regression Sum of Squares
Sge0 FesziszToralsz-Rejss ! Residual Sum of Squares
5839 Regms=Fegss ! Regression Mear Squares
€900 Resmi=Resss (N-2) ! Residual Mean Squares
$33% YariancesiQR(R2sms. (XZ-N#x14X1>> | Slope Variance
%910 OFF EFFOR

$920 DEFRULT ON

9930 FsRegms- Resms ¢t F Ratio

$%3d DEFAULT OFF

%250 Dfregs=l { Degrees of Freedom

8969 DfresaN-2

3979 Dftot=Direg+Dfres

B939 SUBENIT

€330 Bomt: Aborta=i

5000 3SUBENMD

€019 DEF FNMa.20i(#>,A, B

5012 Max2sX(AY

3930 FOR [=Re1 TO B

604Q IF (I Max2 THEN Maxd=X(I1)»

€0%0 NEXT 1

600 RETURN Ma»&

6070 FNEND

6020 DEF FNMinc<X(»,A,B)

6090 MinlisX(R)

6123 FOR 1A+l TO B

€110 IF AC(I>»Min2 THEN MinleX(l)

6120 NEXT |

6130 PRETURN Min2

€140 FNEND

£290 SUB Polunomial(¥i#),7(#) N, Degree,Coeffs(+> ,Regss,Resss,Totaiss,Regms . Rezns
oF.Dérej,Dfres,Dftot ,Abort)

6210 ON ERROR GOTO Bombd

B220 Abort=Q

6239 OPTION BASE ©

6240 DIM Matrix(Degree,Degree),Inv(Degree,Degree’,B(Degree)
6259 PELIM Coeffs(Degree)

52Z0 IF Degree N-2 THEN SUBEXIT ! Check for higher degree than possibie
6279 DiregsDegree

64290 DiressN-t-Degree

6539 Drrotalfreg+Dires

€320 FOF X=@ TOQ Degree ! Sat up system of equations
€319 FUR JaxK TO Degree

6320 Matrix(K,J)=9

£230 FOR I=1 TO N

5340 Matri<t K, IdaMatrix K, J)+FNGUK I #FHNGC(T)

£2%0 NEXT 1

6360 Marri (T K)sMatrixcK, I

€379 HET I
€399 Bk =@
5299 FOR I=f TO N

o ad e e g i
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6409 BCK mBCKISY{IX*FNG  k »
€410 NEXT I [S
6420 NEXT k
6430 MAT Inuv=INVI(Matri:) 1 Solve the suitem of €quaticns
5449 MRT Coeffs=lnusB
64590 FOR I=1 TO N
S460 XimX1+eXN<(]>
6470 N2=X2+X<(1X#X(])
6430 (l=vflev¥(lD
6490 Y2=Y2+V(1)#YL(D)
€590 Z=T+X{(1o>#v¥(ID
6210 MNEXT 1
6320 Yi=sY1.-N
63530 Wi=Xi. N
6%40 TotalssaY2-NaYley] ' Total Sum of Squares
. 5850 GOSUE Regss ! Regression Sum of Squares
£%5€0 Fesa3=Totalss-Regss ! Résidual Sum of Squares

i 6570 Regus=Regis. Dfrey

6550 Resms=Resss /Dfres

6599 OFF ERROR :
H 5600 DEFRULT ON

6619 FoRegas Resns
) §62@ DEFRULT OFF ~ 1
. 6630 SUBEXIT

6640 Regss! Regss=0
\ 66T0 FOR 1s1 TO N

6660 J=9
6670 FOR L=9 TO Degree
6689 JaJeXCI)~L#Coeffs L)

6699 NEXT L :
6708  Regss=Regss+(J-Y1)~2 |
67190 NEXTY !

€720 RETURN

6730 TUBEXIT

6740 DEF FNG(M)IaX ])~M

6750 Bomb: Abortsi

6768 SUBEND

€270 CSUB Quad(X(#),Y %>,

6788 PRINT LINCKD)

678% OPTION BASE 1t

6796 DIM AP

6800 CALL Polynomial(X(#),v(#),2,2,AC#*>,Ca,C1,02,02,C4,C95,C6,C7,C8,09°
6310 FRINT USING 6820;-AC2>+1,.9872,R(1)>#1,9872

€811 PRINT A3

6820 IMAGE "THE GURDRATIC COEFFICIENTS ARE “,MD,.DDE," and “,MD.DDE

6838 PRINT
€940 SUBEXIT .
€850 SUBEND i

aisl,
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NOMENCLATURE

Total Area

Partial Area

Ordinate Deflection

Activation Energy

Algebraic Function of Fraction Reaction
Gibbs Free Energy

Enthalpy

Equilibrium Constant

Rate Constant

Universal Gas Constant

Temperature

Temperature of Maximum Exotherm

Time

Fraction Reacted

Preexponential Factor in Arrhenius Equation
Heating Rate
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