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Abstract 

The kinetic evaluation of very fast reaction curves is impossible without 
previous deconvolutlon. A valid point-spread tunctlon must include both the 
influence of the device and the individual sample properties. The results of 
the deconvolution in the time domain and in the frequency domain are 
completely comparable. 

1. INTRODUCTION 

As a rule, each experimental DSC-curve is an imperfect reflection of reality. 
The original record h(t) requires a series of corrections until the real signal is 
available. Noise and signal broadening are the major sources of degradation 
of the original curve. 
The deconvolutfon is the estimation of the true undistorted signal, g(t), from 
the observed curve, h(t). The only condition is the reliable knowledge of the 
point-spread function, f(t). The deconvolution is important, if the response 
times of the DSC apparatus and the signal have the same order of magnitude, 
and if the real time is important for the planned evaluations. Typical cases are 
the phase transformations of high-purhy materials, very fast thermally 
activated reactions, and above all light-activated reactions. 

2. THE DECONVOLUTlON ALGORITHM 

The usual procedure of signal restoration requires Fourier transformation of 
the signal and point-spread function, simple operations in the new domain 
and thereafter the reverse transformation to obtain the “desmeared” curve. 
There are a number of requirements whiu 
more difficult. The deconvolu’@on in the o 

make these operations 
inal time domain is looked at as a 

much more complicated procedure [l]! @Mtrary to this the aim of this paper 
is to show that such calculations are.&il possible, too. The deconvolution of 
light-activated reactions yiel& the same results in both cases. The algorithm 
is very simple, the time requirement is small. 
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The usual convolution integral, 
oa 

h(t) = 
I 

g(t’) * f(t-t’) - dt 

describes;Le response of the apparatus to superimposed impulses if a lfnear 
relationship between impulse intensity and sf nal 

fif 
height exists. If the 

experimental curve is shffted in such a way that al function values before the 
start of the reaction disappear, the integral may be developed into the 
modified, finite series 

h(t) = 2 g (ti) ’ f(t-ti) ’ Ati 
i=l 

where h(t) = measured signal, 
f(t) = point-spread function, 

= true signal 
= point distance 

The algorithm for the “desmearing” of the experimental curve is then the 
reverse procedure, the subsequent calculation of the “true” heat flux curve 
according to the following scheme: 

;I:{ = ( h(1) - g 0 - f(l) ) /f(O) 
= h(O) /f(O) 

g(2) = ( h(2) - g 1 II - f(1) - g(0) - f(2) ) / f(0) 

and so on. Preliminary results and the basic ideas of this procedure have 
already been publfshed by us [2]. 

3. EXPERIMENTAL 

All measurements were taken using the power-compensated Perkin-Elmer 
DSC 2C and DSC 7 calorimeters. We used a self-made device with a light-flux 
stabilized mercury lamp and the DPA 7 double beam photocalorimetric 
accessory (Perkin-Elmer) as light sources. The samples were investigated in 
special pans, covered by thin quartz windows to allow entry of UV radiation. 
The highest possible data sampling rates were used (pofnt distances of 0.6 s 
and 0.2 s, respectively). A complete experiment includes the following steps: 

Recording the light-induced polymerization curve yields the net heat 
flux from the calorimeter into the specimen. 
After the end of the reaction a second run is started with the reacted 
sample, using the same experimental conditions. The subtraction of 
both curves removes the influence of a possible, minor imperfect beam 
splitting into the sample and the reference and/or the influence of the 
light absoption effects. 
Estimation of the individual point-spread function, using the response 
to a short light flash (50-200 ms) or to a change in the steady state (light 
on/off or vice versa). 
Deconvolution 



4. THE POINT-SPREAD FUNCTION 

Figure 1 depicts the responses of the DSC 7 to a 50 ms IigM impulse for the 
empty sample holder (curve l), for a gra hite disk of 1.9 mm depth (curve 3) 
and for a polymer specimen (curve 2 . P It is obvious that the individual 
properties of the specimen (thermal conductivity, capacity and coupling to the 
sample holder) are essential and that they may not be neglected. Our 
experimental procedure takes this fact into account; the point-spread function 
actually represents the complex response behavior of the investigated 
sample. It the step response is used, the primary data set must be 
differentiated to obtaln the normalized point4pread function. A disadvantage 
is the higher noise level compared to the flash-technique. A very important 
requirement Is the exact orientation of the sample In the light beam; a IigM 
bypass directly to the sample holder should be avoided. 

j’ 

1 - empty sample holder 

2 - thin polymer sample 

3 - graphite drik (thickness 

(I.9 mm) 

c 
I 

.I3 
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.21 .29 

time (min) 

1 
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Figure 1. The influence of special sample properties on the point-spread 
function. 

It is not necessary to know the analytical form of the function f(t). The only 
condition is the existence of one data point of the point-spread function for 
each one of the experimental curve. In other words, measured curve and point 
spread function should have the same point distances. This is not a severe 
restriction, however, because good results require the highest possible 
sampling rate. The results generated by the computer program, which 
calculates the deconvolutio?, are free from excessive noise and oscillations if 
one ignores the first 2-3 points on the leading edge of the normalized point- 
spread function. 
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4.1 Raulb 

Fi ure 2 shows the fast light-induced polymerization of a muitifunctionai 
ac rys ate, using an ordinary photoinitiator (curve 1 . Th$ radiant intensity of the 

4 mercury lamp without monochromator was 20 m /cm . Curve 3 was obtained 
by deconvoiution in the frequency domain, using Fourier transformation. 
Curve 2 is the result of our algorithm in the original time domain. The results 
are comparable in every respect. 
The result of the re-convoiutlon of the “desmeared” curve with the point- 
spread function is identical to the original cuwe. The corresponding cuwe is 
not shown because there are no detectable differences, using the scale of 
Figure 2. This is an important fact, because in corn uting the re-convoiution 
ail data points of the pointspread function are ta E en into account. Hence 
ignoring the first data points mentioned above has almost no influence on the 
results of the deconvoiution of normal light-induced reactions. Figure 3 shows 
the step responses of a graphite disk with 1.9 mm depth (cuwe 1) if the 
iiiumination mode is changed. The deconvoiuted cuwe 2 is actually almost the 
theoretical step response. The point-spread function was obtained as 
response to a 50 ms im uise on the same specimen. if the deconvoiuted 
curve is re-convoluted curve 3), the resuit is nearly identical with the P 
experimental cuwe. 

40, 

I - experimenta( curve 

2,3= deconvoluted curves 

4 
~ 1-- 

.21 :;9 .;7 

time (min, 

Figure 2. Comparison of the deconvoiution in the original time domain 
(cuwe 2) and in the frequency domain (cuwe 3) for a light activated reaction. 
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Figure 3. Deconvolution (curve 2) and re-convolution (curve 3, broken line) of 
step responses. 

The limits of the method are demonstrated in Figure 4. The result of the 
deconvolution of a light impulse, using the same light impulse as point-spread 
function, too, should be the Dirac S-function. The “weight” of the latter should 
be the product of the duration of the flash and the radiant intensity. It is clearly 
obvious that our algorithm functions well in thls extreme situation, too. But the 
height of the “desmeared” impulse should be four times higher, and the pulse 
width should accordingly be smaller. The deconvolution in the frequency 
domain is restricted to the same limits. We think that a distinct improvement is 
possible if higher data sampling rates are used (more than 5 points/s). For the 
investigation of very fast chemical reactions, started by a high-energy laser 
instead of UV-radiation, this is an absolute requirement. It should be 
mentioned that the “desmeared” curve should be smoothed. The undesired 
effect of most smoothlng procedures is a distortion of the peak, sometimes in 
filtering techniques also the risk of a unidirectional distortion of the peak 
positior). We use a simple modification of the moving average respectively of 
the polynominal smoothing technique as smoothing algorithm [3], which is 
very straightforward and free of any noticeable peak distortions. The signal 
curve is smoothed to the best degree, independent of the special shape of the 
curve within an interval calculated from the n* multiple (e.g. n=3; 
n determines the degree of smoothing) of the standard deviation of the signal 
noise. 
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Figure 4. The currsnt firnits of our deconvovolution procedure - the 
deconvotution of a point-spread function by itself. 
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