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The kinetic equation which describes many electronic as well as atomic or chemical 
reactions under the condition of a steadily linear raise of the temperature, is con- 
sidered in a mathematically exact and straightforward way. Therefore, the equation 
has been transformed into a dimensionsless form, using with profit the maximum 
condition for the intensity peak. The two temperatures 7"1 and T2, corresponding to the 
half-height of the intensity peak, are found as unique polynomials of the small argu- 
ment y--= kT/E only (T = temperature of peak maximum). Thereupon, further 
combinations give half-width 3, peak asymmetry A = 32/61 or .d = C/(1 -- C) and the 
maximum of the intensity peak J;  they again all depend only on Y. In some cases this 
dependence is weak, so that e.g. it is deduced that the half-width energy product 

divided by 7 q is an invariant, different for every kinetic order 7: 

1/4998 K for monomolecular processes 
3 �9 E[eV] _ |1/3542 K for bimolecular processes 

~2 [1/2872 K for trimolecular processes 

By means of these correlations, activation energy values E [eV] can be determined 
accurately to within 0.5 %, so that for most experiments the inaccuracy of the ~ values 
becomes dominant and limiting. A special nomogram for the express estimation of 
E from experimentally observed 6 and T is demonstrated. 

M a n y  different physical and chemical processes have been described by the rate 
equat ion 

de c ~ 
- d ~ - =  co v-1 "K0 "e-R/kT; CO = C('C0) (1) 

with the usual  nota t ions :  c = concentra t ion  of some kind of reactant ;  ~ = 
kinetic order;  K 0 = frequency factor which can include such further quanti t ies 
as j u m p  number ,  reaction or t rapping cross sections and a distinct own-tempe- 
rature dependency,  bu t  this will no t  be discussed here; E = activation energy; 

= t ime;  T = temperature,  and  k = Bol tzmann constant.  
A special and  suitable manne r  for experimental  investigations consists in the 

observat ion of the enhancement  of such processes when the temperature of the 
system is raised cont inuously  with a constant  heating rate q = dT/dz. It is know n  
that  then the exponential  term in Eq. (1) is strongly accelerated. At  some m o m e n t  
the process rate reaches a max imum and  decreases because of the exhaust ion 
of the reactant  concentrat ion.  Typical effects have been investigated: Thermo-  

or. Thermal Anal. 17, 1979 



320 B A L A R I N :  H A L F - W I D T H  O F  G L O W  PEAKS 

Stimulated Luminescence, TS Exoelectron Emission, TS Polarization or De- 
polarization, TS Charge or Capacity effects, TS Desorption, TS Creep, TS Calori- 
metry or Gravimetric effects, and in many other combinations. Therefore, a cor- 
rect mathematical solution for the general case is needed, besides the various speci- 
fied approaches which have been developed for special circumstances for the above- 
mentioned effects. 

Concentration and intensity curves, i.e. glow curves, exhibit a characteristic 
shape, asymmetry and prominent points, which will be discussed and calculated 
in this note and which are illustrated in Fig. 1 for the particular cases y = 0, 1, 
2 and 3. Commonly the rate equation is solved directly with respect to the tem- 
perature dependence of the concentration and as functions of the process param- 
eters E, K o and 7 and the experimental condition q [1 -4 ] .  It is the aim of this 
note to deduce some general features of the concentration and the intensity be- 
haviour, and therefore the usual solution procedure should be altered slightly. 

R e duc e d  dimensionless  reaction equation 

From the maximum condition* d%/dT21~. = 0 and with the use of q, one gets 

Ko _ E . eE/k~ .[ Co lT-1 
q 7k•2 ? , (2) 

(the dash refers on all symbols to the peak maximum position). Therefore, instead 
of Eq. (1) it is more easy to use as a starting equation with separated variables 

- d C  E E ,  ~- 
_ 1- V) 

- 7" C ? - 1  " CV k �9 T z dT. ( 3 )  

It is the scope of this form of the equation to indicate that its integral should 
depend only on the following relatives: y = kT /E ,  t - T I T  = y /~  and C(T)  - 
- c(T) /c  o. Physically, this means some normalization: the actual temperature T 
is to be related to T and energies E have to be compared with kT .  For the consid- 
ered physical processes it holds without artificial limitations that y < 0.1, and 
the processes occur only in a small temperature interval around T. 

Integration of Eq. (3) starting at t = 0, T = 0, y = 0 and C o = 1 up to C ( T )  
gives: 

f ~  7"C'-1(7--]- C ' - ~ 1  _ l] / 

1 - t 2 �9 e ( 1 - 1 / t ) / ;  �9 q ( y )  ( 4 )  

for 7 = 1 In C~ [ 

] for y = 0 1 - C 

�9 The case V = 0 is included, although here an inflection point cannot occur for C(~ here 
the maximum comes from the absolute exhaustion C (2) = 0 at a moment=t> 1, so that the 
maximum condition reads: 

~7@) " ~" exp [(l -- 1/~)/.~] = 1. 
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Fig. 1. a) Concen t ra t ion  and b) intensi ty  curves for  processes obeying different kinetic orders  

7' = 0, I,  2 or  3, against  a c o m m o n  reduced  t empera tu re  t = TIT' ,  the  numerica l  scales are  
chosen  for  a case ~ = 0.04; 4- : half-height  posi t ions ;  6~ ,  ~ ) :  lower  and  upper  half-widths.  
Steepest  s lope (Fig. la)  in the  concen t ra t ion  curves co r responds  to the  peak  max i mum in the  
intensi ty curves (Fig. lb) .  In tercepts  AT (e) had been p roposed  in [8, 16] for  use in the  system- 
atic analysis m e thods ;  in pract ice the  case 7 = 0 can no t  easily be de te rmined  f r o m  exper imenta l  
data.  F r o m  C curves a lone  it is difficult to find the  posi t ion 7 = 1 ; one  can make  use o f  sys- 

tematic similarities and  deviat ions between A T  (~'~ and  ~(i ~ [16]. 
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where /~(y) - 1 + ( -  1)" �9 (n + 1)! �9 y".  (5) 
n=l  

Although the terms in this last series are very small due to y < 0. I, they have 
to be taken into account for a correct calculation. Several authors admitted some 
rounding errors in their derivations; we shall not do so, on the consequences of an 
incorrect account of these small terms in this correction function ~q(y) see [5], 
which on the other hand is always close to unity: t/(y) < 1. 
From (4) it follows that 

[(1 7 - 1  ) 1/(y--l) 
~- q for 7-~ 1,-~0 

r  ~-q q y=07= I (6) 

and 

c(r) 
C 

T 31/(v--1) 

7 - (7 - 1)q + (V - 1)'Y2 " exp 

exp(1- Y 

(7) 

Half-width temperatures T! ~) 

Now those two temperature positions T~ = T 1 and T~ should be determined, where 
the intensity J(T)  - - d C / d T  is half of the maximum intensity. By means 
of Eq. (1) or (3) 

.I(T3 l cl~ l, ~ ~ [ C!>'~ I, { - 1  } 
= �9 - ~  , = �9 - ( 8 )  �89 1 = 2  t ~  j " e K f ( 1 - ~  ) 2 '  t - ~ ]  exp 1 It! y) 

The superscript (7) indicates the individual solution for every distinct kinetic 
order. 

Inserting (7) in (8) and with a slight rearrangement, we get the following equa- 
tions for t} ~') (and Ti(~)): 
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2 " 7 r -1  " exp 

fo r  7 ~  1 , # 0  

= 0 (9) 

1 - 1 / t ! a ) + ~ l _ r l i . t ~ l ) ~  " e x p (  1 -  -l/q(1)) = 0 (10) 
l n 2  + - Y Y 

f o r y =  1 

Le t  us r e m e m b e r  tha t  Yi --- ,Y " ti, so t h a t  

r/i = q(Yi) = t/(.9 " ti) = /7/ + 
~/y-2 

E 
n = l  

( -  1) n ' (n + 1) ! .~n. (t~ - 1) .  (11) 

F ina l ly ,  this  m e a n s  fo r  every  i nd iv idua l  7 tha t  i f  (9) o r  (10) can  be  so lved  wi th  

respect  to  t~ v), t hen  these  so lu t ions  s h o u l d  be u n i q u e  func t ions  o f  ~, only.  

Because  F /and  r/~ are  p o l y n o m i a l s  in p, i t  is to be  expec ted  t h a t  the  so lu t ions  can  

also be  f o u n d  in the  f o r m  o f  a series e x p a n s i o n  

t! e) = 1 + ,~(e) a}~) ?z  �9 - i l  " Y +  �9 + . . .  ( 1 2 )  

with  a H < 0, a2~ > 0. 

F o r  a su i tab le  so lu t ion  p r o c e d u r e ,  see A p p e n d i x  I. N u m e r i c a l  resul ts  a re  sum-  

m a r i z e d  in Tab l e  1. 

Table I 

Temperatures T[ ~). , corresponding to the half-height Ji(Ti)= 1 -- -- 
J(T) of the intensity peak 

= 1 -  2 " ~  -? 6 ~2 _ 2 4 "  ~ 3 +  120 7 ' - - q -  - - .  

T~~ t~ ~ = 1 -- 0.693157 + 2.4804572 -- 11.1056173 + 

T~~ t~ ~  1 + 2 7 ~ -  8 

T~I)/T= t~ 1) = 1 -- 1.461197 + 3.252467 z -  8.6006 

T~a)/T = t~ 1) = 1 + 0.98520~ -- 0.1738072 + 0.0412 

T~2)/T= t~z)= 1 -- 1.762757 + 5.6469772- 22.8422 

T~Z)/T= t~ 2) = 1 + 1 .762757-  1.4040272 + 1.6274 

T~3)/T= t~3)= 1 -- 1.973047 + 7.9812072- 42.4583 

T~3)/T = t~ 8) = 1 + 2.479587 -- 4.0895472 + 8.8971 

51.91074 -- + . . . 

78-1- 3 8 . 6 6 7 7 4 - +  . . .  

73-1- 2 2 . 6 4 1 7 4 - + . . .  

7 3 -  0.444y ~ + - -  . . .  

73--  101.86374-- + . . .  

73 + 0.99374 -1--- . . .  

7 3 -  2 3 7 . 5 9 2 7 4 + -  . . .  

7 3 +  5 1 . 7 6 4 7 4 - + . . .  
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Half-width,  a symmet ry  and  peak  height 

N o w  let us return to the physical situation. Lower,  upper  and full half-widths 
of  the intensity peak  are given for  every 7 by (see Table 2). 

6 ~ ) / T -  1 - tl ('/) A~). a(l~) y2 = - - " 1 1  ~ - -  " - - . . .  ( 1 3 )  

6~v)/T = t~ ~) - 1 = a~] ) "~  + a ~  ) .~2 + . . .  (14) 

6(~)/T (6(? + 6~))/T t.(v) .(~)~. r a(x~)) .pz = = k ~ 2 1  - -  "111 2 + v'22 - " + . . .  (15) 

More  impor tant ,  an extremely weak variance with y follows for  

6(~) " E  t~ ~) - t~) 
- - , , ( ~ ) ~  t , ~ ( ~ )  ~ ( ~ ) ~  �9 ( 1 6 )  ~ 1 1  / k ~ 2 2  ~ 1 2 /  �9 �9 " t~(r) _- k T  2 ? (a(]) - + - y + 

and for  the peak  asymmetry ,  which is well established experimental ly,  

6~ y) t(2 r) - 1 a(~ ) 1 + a~2 "y/a21 + . . .  (17) 
A(r) =- 6~ /~ -  1 - t ee) -- -a(~'l) 1 + a21"y /az l  + . . .  ' 

For  corresponding polynomials  see Table 2; in the vicinity of.~ = 0.04 the quan-  
tities A and tc are practically invariants - see right side of  Table 2: Y - y - 
- 0.04; ]Y[ < 0.015. 

It  should be noticed that  the calculational accuracy should only be limited by 
the practical demand of precision which is considered in Appendix  II. Here,  never 
a te rm has been neglected and other approximat ions  have not been admitted,  never 
that  the rate equat ion has been solved for the first t ime in a mathemat ica l ly  full 
and consistent way. 

Previous a t tempts  at a mathemat ica l  t rea tment  of  experimental ly evidenced 
half-width and peak  asymmet ry  led to crude, but  close relations, which could not  
be well distinguished. Grossweiner  [6] found E �9 5~a)/KT~ �9 T = 1.51 for  the low- 
tempera ture  shoulder for  monomolecu la r  processes; later Dussel  and Bube [7] 
claimed that  this value should be better  1 . 4 0 . . .  1.42 (with some difference in 
T 1 < T this is to be compared  with our - a]])). Lushchik [8 ] concluded f rom graph-  
ical similarities between 6 and A T  (see Fig. 1) for  the high- temperature  side that  
- in our  nota t ion  - a~] ) -~ 1 and a~] ) = 2. 

Other  authors  developed tr ial-and-error  methods  for the evaluat ion of  relations 
between E and T and 5 [ 9 -  15]. The best critical examinat ion was given by Chen 
[13] who showed that  for  ? = 1 and 7 = 2 systematic errors arose for  61, 6.~ and 6, 
due to inaccuracies in the t rea tment  of  the reaction equation,  but  which because 
of  their systematic nature  can be used as "empir ica l"  correction factors. Another  
means of correction has been with the aid of  the steepest slope in a monomolecu la r  
concentrat ion curve and the systematic error in P/(ATi)  [16]. 

For  the first t ime it was deduced how such relations arise f rom the reaction 
equat ion itself in [ 1 7 -  19], and now details are obta ined as to how such correla- 
tions are governed by the values y = k T / E  and Fl(y), i.e. by the correct account  
of  the exponential  integral. Therefore,  there is also a demand  to determine 
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direct ly f r o m  m e a s u r e d  data.  This  can  be done  wi th  the  help of  Eqs  ( 1 3 ) - ( 1 5 ) ,  
b u t  m o r e  s t r a igh t fo rward ly  wi th  the inverse  p o l y n o m i a l s  (see A p p e n d i x  1II);  
e.g. i t  yields 

0 . 4 0 9 " 6 / T ' ( 1  + 0 . 5 7 3 5 / T + 0 . 0 7 5 z / T  2 + . . . )  for  7 =  1 

. P =  0 . 2 8 4 " 6 / T - ( 1  + 0 . 5 6 7 6 / T + 0 . 0 8 , 5 2 / T  2 + . . . )  ? = 2 (18) 

0.225 �9 6 / T ' ( 1  + 0.609 5/I" + 0.16 52/ I  "2 + . . . )  ~; = 3 

or  still m o r e  easily 

0.453 ( 5 / T  - 0.0928 + . . . )  for  ~ = 1 

y = 0.04 + 0 . 3 2 8 ( 6 / T  0.131 + .) ~ = 2 (19) 

0 . 2 6 8 ( 5 / T  0.162 + .) 7 = 3 

A n o t h e r  q u a n t i t y  o f  in teres t  is the steepest  slope of  the  c o n c e n t r a t i o n  curve  
(see Fig.  la ) ,  i.e. the peak  he ight  o f  the in tens i ty  curve :  

dC E 
a v(v) - - C < ~ ) ' -  - C(V) �9 ~:(~)/6 (~). (20) 

d T  k T  z - 

co 

The  r ec t angu l a r  a rea  a v �9 5 shou ld  be c o m p a r a b l e  to .I J(T) �9 d T  = C o = 1. I n  
0 

fact,  fie) �9 6(v) is close to u n i t y  (see Tab le  3), b u t  n o t  exactly,  due  to the typical  

Table 3 

Variance intervals for the considered properties, according to 0.03 < ~ < 0.05 

C~ ~) 

A(~) _ _ .  

A (~) = G/(~I 

J"  6/re 

7 = 0  ~ = 1  7 = 2  7 = 3  

0.5719 . .  0.5732 

0.0553..0.0880 
( >  0)! 

0 

0.0585 . .  0.0965 

0.0856 . .  0.1419 

(1.0554..1.0889)* 

0.7189 ..0.7353 

0.8126..  0.8235 

0.3888..0.4017 
( >  l/e)! 

0.0750..0.0792 

0.6361 . .  0.6715 

0.7149 . .0.7412 

0.3888 . .0.4017 

0.9142..  0.9226 

0.8703..0.8806 

0.5276..0.5440 
( >  1/2)t 

0.1645 . .  0.1761 

1.1170..1.1930 

1.0687 . .  1.1112 

0.2784..0.2959 

0.9280 . .  0.9534 

0.9459 . .  0.9518 

0.6084..0.6261 
(> 1/~/~)! 

0.2316 . .  0.2523 

1.5540..1.6745 

1.3397..1.3903 

0.2252..0.2454 

0.9305 . .  0.9705 

* for Y = 0 the indicated intensity value belongs to } = t 2 > 1, where the intensity drops 
from this value to zero 
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Fig. 2. Nomogram for the correlation d �9 E l 7  "Z = k �9 ~c (~') (0.04) 
Example A :  for >, = 2, ~ = 27 deg, T =  240 K--+ E ~  0.60 eV; 
Example B: for y = 1, d = 55 d e g ,  ~ ' =  3 6 0 ~  E ~ 1 .45 eV.  

curve shapes. Also,  other quantities, C ( { ) ( T 1 )  and C~U)(T2), can be treated as char- 
acteristic invariants for every 7. 

After the verification of  the kinetic order 7 from the curve shape and asymmetry 
A (or from X = C/(1 - C)), all the above-given correlations are helpful in analyzing 
experimental results. 

It was shown earlier that a constant half-width energy product, 6 �9 E / ( k T  ~) = 

= const., allows the construction of  a nomogram for the first approximation 
of  the activation energy values, which iteratively had to be improved. N o w  this 
iteration was already included in our polynomial  expansion and we obtained di- 
rectly usable constants K(~)(0.04), which are lower than t&)(0) by 5.2% (for 
7 = 1) and 7.6% (for 7 = 2), and which are used for the new nomogram (Fig. 2): 

k~:(~ = (17115 K) -~ 

ktc(1)(0.04) = (4998 K) -1 

k~c(2)(0.04) = (3542 K) -3 

ktc(a)(0.04) = (2872 K) -1. 

(21) 
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Lastly, the frequency factor can be determined by Eq. (2), but again more easily 
f rom a relative expression: 

Ko(~p) = Ko(0.04). exp (~-1 _ 25) (22) 
(25 y)2 

q " k 101a q - - - ' 4 . 5 "  - "3.88" 109 . K~ E E[eV] 

The only possibility for the experimentalist to influence the reaction consists in 
the change of the heating rate, which causes a small temperature shift connected by 

d In T y d In ~ d in (5/T) 
- - -  - -  ~ -  ( 2 3 )  

d l n q  1 + 2~ d l n q  d l n q  

Of the same order is the opposite relative change of peak height J(T) on the basis 
of  a temperature scale 

d In J(~)(T) 2y 
- ( 2 4 )  

d l n q  1 + 2~ 

Measured on the basis of a time scale, J(~) increases with q: 

d In J(~)(~) 2y 
= 1 ~ 1. (25) 

d l n q  1 + 2p 

However, quantities having a constant first term in their polynomial representa- 
tion, such as x and A, are shifted only by the order of y2; e.g. 

d In C (7) d In ~/ 2~ 2 
. . . .  (26) 

d l n q  d l n q  1 + 2p 

This demonstrates once more their relative invariance. 

A p p e n d i x  

I. Solution for  half-height temperatures in polynomial representation 

a) Let us first consider the bimolecular case: y = 2 (the special superscript (~)) is omitted 
for brevity); from Eq. (9) we have to solve the following equation: 

It  was  m a i n t a i n e d  t h a t  Ti s h o u l d  be  n e a r  T a n d  t h a t  it w o u l d  be  a p o l y n o m i a l  f u n c t i o n  o f  Y; 
then it can be described by: 

t i=  1 + ~ aln .~n (A2) 
n=l. 

and therefore 
l - -  1 / q  .Earn �9 -~n-L 

f i(Y) ~ - y - -  "1 -JI- ~'ain " ~n - -  at1 "}- n=lZ ai*n" ~-n (A3)  

w h e r e  t h e  a~n a r e  g iven  by  t h e  a m . 
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Hence, all expressions ti, f i ,  ~i and ~ in Eq. (A1) are in principle ascending power series of 
the argument  Y, and all mathematical  operations between them (addition, multiplication, exp) 
lead to power series in y, too. Now Eq. (A1) is fulfilled only if the coefficients for every power 
term ~n are zero identically. This gives a system of equations for the determination of all ain. 
For  example, the simplest equation at  7 ~ reads: 

8 e  ail  - -  [1 + e a i l ]  2 =  0 (A4) 

with two solutions 

= In (3 T X/~) = ---T 1.762 747. an 

Knowing these first values aal and  azl the next a~2 can be determined from the coefficient at  
~ ,  and  so on. For  an easier calculation of the a~, a recursive procedure seems to be suitable. 

Let us assume that  the first m values an �9 �9 �9 ai~, have been determined already, especially 
a~, alone. Then, all expressions in Eq. (A1) should be approximated by a finite series expansion 
up to terms with ~m i.e. 

m 

tim = 1Af- 2 a i n  , ~n;  ~m = 1 + . . . and so on. (A5) 
n = l  n - -1  

Particularly, with these finite sums it follows that :  

Y m - -  ~ 1 - -  -[- a i m + l  = f i rn  -t- a i m + l  

(1- -  l / t j /  ] = C .  + . . . . .  ~ m  et,,(1 + aim+l" ~rn) (A7) 
exp t ~ /m! 

Inserting these finite polynomials into Eq. (A1) and solving it with respect to aim+x, one gets: 

{~--m ' " ~ "eh~]2)}  (A8) (2) 1 " lim (8e ~ - -  [ 2  - -  ~ m  -}-  7'Jim tim aim+ 1 = 2eai~(e . . . .  3) ~ o  

b) For  monomolecular  processes the procedure follows the same route for the determining 
equation coming from (10) 

At  7 ~ : 

f i + ~ - -  r t i ' t t  2 ' e e l +  l n 2 =  0 

a ( 1 )  _ _  
i m + l  

(A9) 

a i ~ +  1 - -  e a i l + l n 2 = 0  (A10) 

all  = --1.461 1863; a21 = 0.985 1998; 

{~-m . 2 .ehm l n 2 ) }  ( A l l )  1 " lim (fim "q- ~m - -  7Jim tim + . 
e ar -- 1 ~ o  

II. Precision of the polynomial expansion with respect to the physically governed smallness of y 

In principle all polynomial t(~) can be determined following the procedure deduced in 
Appendix I up to an arbitrarily high power y ' ,  and  the irrational coefficients ain can be solved 
to any desired high accuracy. 

For  the physical processes of our  interest  the actual variation of y is intrinsically limited 
to f < 0.1, and  mainly to 0.025 < ~ < 0.05. The first coefficients, an, ai2 are of the order of 
unity;  a~z is sometimes of the order of 20, but not  very much higher;  and  so forth.  Therefore, 
the series for tt, ~i; f i  converge quickly. 

J. T h e r m a l  A n a l .  17,  1 9 7 9  



330 BALARIN: HALF-WIDTH OF GLOW PEAKS 

In practice, the precision is limited by the experimental conditions and  measuring equip- 
ment. For  example, the deviations for absolute temperature values can be of the order A T = 

= ___ l fK;  for relative temperatures within A T / T =  1 ~ . . .  0.1 ~ ;  but for relative half-width 
only A3/6 = 3 ~ . . .  0.5 ~ .  Therefore, it would be exaggerated to calculate ~: with an accuracy 
much better than A ~c/z = 0.5 ~ ,  and the possible accuracy for the activation energy value will 
be of the same order. Correspondingly, for t(r) it is quite sufficient to take into account  only 
terms up to n 4 and to restrict the number  of digits for the individual coefficients (x) aim, SO 

tha t  their accuracy is limited by Aaim < ( - ~ - )  7 m . 

Further,  one can make use of the fact that  y is naturally closer to y =  0 . 0 2 5 . . .  0.05 than 
to y = 0. A re-expansion of the various series X(y) in the vicinity of a mean selected value in 
this interval, e.g. a round  y = 0.04, as X/y -- 0.04), will then tend to a further  strong increase 
of the convergency, so that  the necessary number  of terms of the polynomial and the number  
of digits of each coefficient may be lowered still more (see Table 2 -- right side). 

III. Inverse polynomial 

Especially for the first determination of 7 by means of experimental observables, for in- 

stance by c~ and  T, relation (15) can be used, but it will be more straightforward to solve this 
equation with respect to Y. Very commonly, for a quickly converging series 

X @ - -  )3) = Ao + /11" (Y--)3) + A.," ( ; - - )3 )~  + A s '  (Y-- Y)~ + - . .  (A12) 

In the vicinity of any arbitrarily chosen 33, for instance for 7 = 0 or for )3 = 0.04, the inverse 
relat ion is 

~=-)3q- X - - A ~  1 +  + 2 �9 
A~--- A1 Ao A~ ~ ~ - - ~  J + . . . .  (A13) 
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R/~SUMfi -- On trai te de fagon math6matique exacte et directe l '6quation cin6tique qui d6crit 
de nombreuses  r6actions 51ectroniques, atomiques ou chimiques dans les conditions d 'un  
accroissement permanent  et lin6aire de la temperature.  C'est pourquoi  on a transform6 l'6qua- 
t ion sous une forme sans dimensions, en mettant  ~t profit  les conditions donnant  le pic d'in- 
tensit6 maximale. On a trouv6 que les deux temp6ratures T~ et T~ correspondant  ~t la moiti6 

de la hauteur du pic, sont des polyn6mes uniques du petit argument  ~ ----- k ~ E  seulement 

( T =  temp6rature du maximum du pic). Des combinaisons ult6rieures ont  fourni la demi- 

largeur b, l 'asym6trie du pic A = c~e/6x ou ~ = C/(1 -- C) et le maximum de l 'intensit6 d u p i c  

a~ ceux-ci aussi d6pendent seulement d'.v. Dans quelques cas eette d6pendance est faible, ainsi 

par  exemple, on a d6duit que le produit  de la demi-largeur par  l'6nergie, divis6 par  Te, est 
invariant et diff6rent pour  chaque ordre cin~tique y: 

1/4998 K pour  les processus monomol6culaires 

�9 E [eV] _ 1/3542 K pour  les processus bimol6culaires 

T~ 1/2872 K pour  les processus trimol6culaires 

A l 'aide de ces corr61ations, les valeurs E [eV] de l '6nergie d'activation peuvent ~tre calcul6es 
avec une exactitude de 0.5 ~ ;  pour  la plupart  des exp6riences, c'est l ' inexactitude des vateurs 
de 3 qui devient Ie facteur dominant  et limitatif. On pr6sente un monogramme sp6cial pour  

l 'estimation rapide des valeurs d 'E ~t part ir  de valeurs c~ et T-observ6es par vole d'exp6riences. 

ZUSAMMENFASSUNG - -  Die kinetische Gleichung, welche viele elektronische sowie a tomare  
oder chemische Reakt ionen unter  der Bedingung einer gleichm~igigen linearen Erh6hung der  
Temperatur  beschreibt, wird in einer mathematisch exakten und direkten Weise behandelt.  
Deshalb wurde die Gleichung in eine dimensionslose Form fiberftihrt, wobei die Maximums- 
bedingung for die Intensit~tsspitze vorteilhaft angewandt  wurde. Die beiden Temperaturen 
T~ und T2, welche der halben HShe des Intensitfitspeaks entsprechen, wurden als eindeu- 

tige Polynome des kleinen Arguments  ~ = kT/E gefunden (T----- Temperatur  des Peak- 
maximums). Weitere Kombinat ionen  ergaben die Halbwertsbreite 6, die Peak-Asymmetrie 

A = d2/~ oder A~ = C-/(1 -- C-) und das Maximum des Intensit~tspeai~s ~ J, diese Gr6Ben sind 
ebenfalls nu r  v o n }  abhfingig. In einigen F~tllen ist diese Abh/ingigkeit schwach, so dab z. B. 

abgeleitet wurde, dab das Produkt  der Halbwertsbreite und der Energie durch ~ dividiert 
invariant  ist und ffir jede kinetische Ordnung y verschieden: 

1/4998 K ftir monomolekulare  Prozesse 
�9 E[eV] _ 1/3542 K f/Jr bimolekulare Prozesse 

~2 1/2872 K ffir tr imolekulare Prozesse 

Anhand  dieser Korrelat ionen kSnnen die Werte der Aktivierungsenergie E[eV] mit einer 
Genauigkeit  innerhalb von 0.5 ~/o best immt werden, so dab ffir die meisten Versuche die 
Ungenauigkeit  der &Werte vorherrschend und begrenzend wird. Ein spezielles Nomogramm 

ffir die Sehnellbestimmung von E aus experimentell beobachteten Werten von 6 und T-wird 
aufgeffihrt. 

Pe3ioMe - -  t(ru-Ie~H~ecKoe ypaBHeHHe, ori~CblBaK)mee KaK Mnorae 3JIeKXpOHHbIe, TaK II aTOMnble 
~Sm xrtM~ecKne peaKtIm~ npH ycaoBllII nOCTO~IHHOFO H~IHe-~HOrO HOBBIH/eHH~I TeMnepaTypM, 
pemaeTcn MaXeMaTH~ecKrI TOHttBIM H YlpflIV~IM nyTeM. ~SIIt 9TOFO ypaBHenHe 6~,i~o npeo6pa- 
aoBaHo B 6e3paaMepayro dpopMy m, iro~I~to I4cnom,3ya ycnoB~e Ma~CI~MyMa naTeHCrlBHOCTI~ 
nr~a.  Ha~;IeHo, "~TO ~Ise TeMnepaTypt,i T1 ri T2, COOTBeTCBymmrle ~o:Iym,Icoxe rmTeHcrlBHOCTrI 
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imra, $[BJIHtOTClt nOJIHHOMaM!,I TOJII~KO M a n o r o  ap ryMenTa  y ~ K ~ E ,  r / l e  T - - - T e M r l e p a T y p a  
MaKCHMyMa nHra .  ~ a m ,  Hefimrle KOM6~tHalI~trI ~aroT n o n y n m p n n y  d, aCCrlMeTpHIO IItlKa A = 

~- ~2/dl HJII(I A =C/ (1- -C- ) I J I  MarCrIMyM NHTeHCrlBHOCTrI rmKa ~ roTopLIe  On~Tl, TaKrI Bce 3aBI, ICflT 
OT y. B HeKoTopBIX cnyqa~x  3Ta 3aBtICI1MOCTb cna6a~, TaK qTO, HallpI~Mep, yCTaHOBneHO, ~ITO 

npori3BejieHrle nonymHpI4HbI rI 3HepFHtI pa3~leneHHOe Ha ~ ItBJIIteTCIt HHBapHaHTHblM H pa3nrl~-  
H]5IM ~JI~i r a x ~ o r o  r r m e T a ~ e c r o r o  n o p a ~ r a  7:  

I /4998  K ~laa MOHOMOneKyn~IpHoro n p o u e c c a  

�9 E[eV]_ _ 1/3542 K ~n~ 6nMoneKyn~pHoro  npoi~ecca 

T2 1/2872 K ~In~I TpKMOJleKyn~IpHoro npol~ecca 

C rl0MOIIIbIo 3THX KoppenflIlrI~ 3HaqeHrla 3Heprmi  aKTnBalinri E[eV] MOFyT 6bITb onpe)xenem,  I 
C TOqHOCTblO 0.59/oo, TaK HTO h.rlft 6OJIBIIItlHCTBa 3KcnepHMeHTOB HeTO~IHOCTb 3HaqeHrI~ ~ CTarlo- 
BPITCH )~OM~IHtlpyloIIIe~ Ill o r lpe~enmomef i .  I-J[oxa3aHa cne~rlaJi~Ha~ HOMOrpaMMa ~JI~ 61,ICTpOro 

yCTaHOBneHH~I E rI3 Ha6nro~aeMbIX Ha 3KCrlepHMeHTe d~ ~I T. 
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