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SUMMARY  

The present paper is focus on modeling of statistical data processing with 
applications in field of material science and engineering. A new method of data processing 
is present and applies on a set of kinetic data for the inner sphere redox reaction between 
copper (II) and thiosulfate ions. The method allows to identify the correlations between 
data sets and to exploit them later in statistical study kinetic rapid redox reactions. An 
algorithm for computing data was implements in preprocessed hypertext language (PHP), 
an interface in hypertext markup language for them was also realizes and put onto 
academicdirect.ro educational web server, and it is accessible via http protocol at the 
address http://academicdirect.ro/~lori/research/regression/linear/v1.5/. 
Keywords: Modeling, fast redox reactions, automat processing of data 

 

INTRODUCTION 

In field of statistical data processing it exist a large set of software to compute and 
fit the regressions, but few are free. Even for free software, another problem it appear, 
operating system license and portability of the software. As example, to use well-known 
Microsoft Excel software, you must have Microsoft Windows and Microsoft Excel license 
and portability of Excel program is restricted to Windows platform. To import Excel files in 
another programs or platforms, conversion modules are need, and conversion is not totally 
in most of the cases. Platform independent and free software is a real alternative to this. 
First step to build totally free software is to install a free operating system. Unix-like 
operating systems are known to free, but even here exist licensed software. In order to 
select a totally free Unix-like operating system, best offer come from BSD family. The most 
secure and license check for installed software is NetBSD. The NetBSD detect so called 
“license agreement” and do not permit to install a software if the software contain 
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unacceptable license agreement (different form free) and software can be installed only if 
the acceptance is explicitly stipulated by the user in configuration files of the system. 
Another advantage of NetBSD operating system is his huge portability under various 
hardware platforms from i386 family to Sun and Macintosh machines. By another hand, 
most full featured operating system of BSD family is FreeBSD. One of the advantages of 
the FreeBSD operating system is his software portability. With adequate packages, under 
FreeBSD, can be executed DOS, Windows, Linux and Sun-OS programs. Another 
advantage of FreeBSD system comes from easiest to install and use it. Once you have an 
operating system installed, the next step is to choose a proper programming language for 
software developing. Here, some major questions must be answer. In terms of 
programming, portability of resulted program can be a problem. As example, if we are 
chose to implement the algorithm in Visual Basic, the execution of the program is restricted 
to Windows machines. If Perl is our choice, a Unix-based machine is necessary to run 
program. The advantage of PHP programs consist in his portability under most of operating 
system platforms and internal compilation feature that do not necessity the compilation “by 
hand” from the user. The disadvantage can be same internal compilation that consumes 
supplementary time in execution. However, this disadvantage can be partially eliminates 
through installing a PHP proxy, which store compiled programs and next execution of the 
unmodified program use this compiled binary. In terms of program developing PHP is easy 
to use, the language borrow syntax from C, Pascal, Basic and Perl, but do not borrow the 
complex declaration syntax from them. The pointer mechanism is absolute. Thus, a variable 
used as a string, can be exploited as an integer or real if the value represent a number such 
that. Class constructing is also available and PHP posses a strong library of database 
connectivity. A very easy mechanism to link PHP scripts to HTML scripts make PHP 
language to be one of the best. Shell executing commands make PHP a useful platform for 
system administration (PhpSysInfo, WebAdmin, PhpMyAdmin, PhpPgAdmin).  PHP 
programs are putting on a web’s server data folder and executed by them using PHP 
module. The output of the PHP program is in HTML style and can be viewed by any web 
client (Microsoft Internet Explorer, Mozzilla, Opera, Netscape, Konkueror).  
 

MATERIALS AND METHODS 

Many statistical procedures for processing data are available [1].  Most of them 
offer a voluble set of possibilities and variants, but which one to consider them? That is not 
an easy question and the frequent answer is: that is choice of analyst [2,3]. Data mining 
technology offer in this area of knowledge some answers, but not a complete answer [4]. 
By other hand, to interpret experiment results, data need to be well processed [5]. Structure 
investigations are frequently combining with statistical processing [6]. In most of cases, 
best results are obtained with specific procedures in contrast to general numeric algorithms 
[7,8]. Modeling of structure is benefit to property predictions [9,10]. Nonstandard statistical 
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evaluation procedures then are helpful [11]. The design of statistical processing program is 
depicting in Figure 1: 
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Figure 1. Program design scheme 

 
The INPUT module read a text format data, process input data, split it into rows 

and columns. The rows represent the values of variables and columns represent the 
variables. 

The INPUT module passes data in matrix form to the VARIABLES EXTRACTOR 
module. This module starts with pairs of columns from data matrix; continue with sets of 
three columns and so on, until entire set is browse. For every set, pass it to the SYSTEM 
GENERATOR. Another input in VARIABLES EXTRACTOR module comes from 
DECISION module. If the DECISION module detects a correlation of absolute coefficient 
1 then it passes to the VARIABLES EXTRACTOR the first variable label from the 
regression equation and for the next extractions of variables, the passed variable is marked 
as dependent and is not passes never again to the SYSTEM GENERATOR module. The 
SYSTEM GENERATOR computes average means, needed by GAUSS module.  If answer 
of algorithm solving is undetermined system and null variable is xn_cols then GAUSS module 
solve determined system of n_cols order. When system is solves, a unique solution is found. 
Then, system extended matrix contain at column n_cols the coefficients of regression 
equation: 

1 1 i i n _ cols n _ cols n _ cols 1a x ... a x ... a x a 0+⋅ + + ⋅ + + ⋅ + = ; an_cols+1 = -1                         (1) 

where the coefficients an_cols+1 and an_cols+1 are resulted regression coefficients. Note that 
equation (1) is in implicit form; to obtain an explicit form is necessary to extract dependent 
variable from (1). The last coefficient is assign to -1. At the end of module SOLUTION it 
result an implicit linear regression equation between given variables through his values in 
columns (eq. 1). Equation 1 could be exploiting to obtain explicit linear regression 
equations for each variable, which has no null coefficient ai: 

ix̂ = 1 i 1 i 1
1 i 1 i 1 +

i i i

a a a
x ... x x

a a a
− +

− +

⎛ ⎞ ⎛ ⎞ ⎛ ⎞
⋅ + + ⋅ + ⋅⎜ ⎟ ⎜ ⎟− − −⎝ ⎠ ⎝ ⎠ ⎝ ⎠

⎜ ⎟
n _ cols n _ cols 1

n _ cols
i i

a a
... x

a a
+⎛ ⎞ ⎛

+ ⋅ +⎜ ⎟ ⎜− −⎝ ⎠ ⎝

⎞
⎟
⎠

              (2) 



M I H A E L A  L I G I A  U N G U R E ŞA N ,  L O R E N T Z  J Ä N T S C H I  

 

 
 

288 

Sum of residues Si, and with data replacements, Qi can be now evaluates: 

Si = 
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i

j 1i i

a a
x

a a
+

=

⎛ ⎞
+ ⋅⎜ ⎟

⎝ ⎠
∑ ; Qi =

2n _ rows n _ cols
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k 1 j 1i i

a a
data[k,i]

a a
+

= =

⎛ ⎞
+ ⋅⎜ ⎟

⎝ ⎠
∑ ∑ /M[i,i]                 (3) 

To make independence of measurement unit and measure order, values Si are 
divided with own sum of squares of variable measurements (M [i,i] from INPUT module, 
equation 1). Final equation Qi, are with substitution xi = data [k,i],  1 ≤ k ≤ n_rows. Qi 
express relative residues of variable xi when variable xi is assumed to be dependent of 
independent variables x1, …, xi-1, xi+1, xcols. Note that the dependence and independence 
statistical concept is hard to prove in practical situations, but will see later, can be 
decelerated. For a good correlation, Qi should be smallest possible value. The value of Qi is 
computes in SOLUTION module for every equation.  Another quantitative measure for a 
good correlation is correlation coefficient between measured data xi and estimated values 

 from equation (1). The absolute value of r must be high for a good correlation. The 
value of r is computes in DECISION module for implicit equation and in SOLUTION 
module for every explicit equation. More, additionally tests are also available in other 
programs such as Microsoft Excel or Statsoft Statistica. 

ix̂

RESULTS AND DISCUSSION 

A graphical interface was builds in PHP with a TEXTAREA for input data and an 
INPUT SUBMIT button for submitting data to the server. The server is a Free BSD Unix 
based server (5.0 DP1 software version) with an Apache web server (1.3.26 software 
version) running on. The server is hosts in educational network of Technical University of 
Cluj-Napoca with address 193.226.7.211 and name academicdirect.ro. The PHP language 
was compiles with GDI (graphical device interface) and MySQL (database server) support 
and the PHP software version is 4.2.3. The MySQL database server is also installed and 
running on and his software version is 3.23.52. The input interface is presents in Figure 2: 

 

 
Figure 2. The output of http://193.226.7.211/~lori/research/regression/linear/v1.5/index.php 

The output of the RESULTS & GRAPHS module is passes depending on user 
equation selection to another PHP program that makes graphical representation of 
regression [12]: 

http://193.226.7.211/%7Elori/research/regression/linear/v1.5/index.php
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Figure 3. The output of http://193.226.7.211/~lori/research/regression/graphics/lin_plot/do.php 

We have been reading the transmitted intensities It, at different time values, the 
incident intensity Iu, and according to the Lambert –Beer Law, we have calculated the 
extinctions E at different wave lengths and concentrations of the Cu(ClO4)2 , Na2S2O3

 and 
HClO4. It was effectuated experimental determination for concentrations of [Cu(ClO4)2] = 
[0.0017, 0.05] M-1, [Na2S2O3] = [0.005, 0.2]M-1 , [HClO4] = [0.008, 0.1] M-1, and for length 
way: λ = [380,  800]nm [13]. The obtained curves for the coordinates transmitted light as a 
function of time (It = f(t)) have been translated at t = 0 and it has been calculated the 
solution extinction during the mixing period E0 = log(Iu/It)0. The initial concentrations of 
the reactants are identical (or close) in all determinations, so that the influence of the pre-
equilibrium on the apparent order could be manifested on its entire dimension.  The graphics 
readings point by point are makes by digitization of the scanned figures. As a result, we 
have obtained an Excel file. The input data can be copy and paste into TEXTAREA from 
Figure 2. By pressing, submit button the input data are processed. By chousing to display 
data values, the input data are also displays. The properties of reaction described in Table 1. 
In Figure 4 are plotted the dependences from data set. For fitting, the suggested selections 
from PHP program are used. Figure 4 shows that no exist significance dependence between 
the kinetic experimental data. It observes that the experimental data was grouped in 5 
horizontal linear representations: 

TABLE I. Processed Data  

 

 

 

Figure 4. Regression of all data 
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Program computes and output the regression equations. That is a large set! If we 
are interested to study dependence between two variables form set, then we select the 
proper table from output of the program. If we are looking for very dependent variables, the 
program finds it and eliminates one of them from set. For all kinetic experimental data, the 
equation is: 

+x0*1.98*10-2+x1*2.56*101-x2*3.95*101-x3*3.81*102+x4*1.00=+2.91*102 

The coefficient of correlation r = 0.67813 and standard deviation s = 0.10188. In 
Table 2 are presents the input data, such as are showed by PHP program. For a group of 19 
experimental data, [Cu(II)] = 0.05 mol/l, [S2O3

2-] = 0.01 mol/l, T = 293 K (Table 2), the 
regression equation determined is: 

+x2*1.00+x0*1.20*102=+3.85*101; r=0.90932; s=0.61886 

 
Figure 5. Extinction E = E(t) 

(+x2*1.00+x0*1.20*102=+3.85*101; r=0.90932; 
s=0.61886; n=19) 

Figure 6. Extinction E = E(t) for first eight points 
e.g. initiation of reaction with induction  moment 

(+x0*1.77*10-2+x2*1.00=+0.40; r=0.97964; 
s=0.17326; n=8) 
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TABLE II. Input data values 

(output by PHP program, [14]) 

 

 
CONCLUSION 

Considering the advantages of implemented software technology (machine and 
operating system portability, graphical interface and database connectivity features, easiest 
of programs developing, free type license agreement, http capability) the programming 
language and the program itself is the one of the best choice now available. 

Considering the figures 6 and 7, the program makes possible the study of reaction 
in both moments (initiating and propagation) and obtained equation prove the dependencies 
between time and extinction. The approximations (both linear) are good (see correlation 
coefficients and standard deviation) and prove that for the reaction the initiating and 
propagation moments can be approximates by linear dependencies: 
Cu2+ + S2O3

2- → Cu+ + ½S4O6
2-                                                                                          (4) 

We will investigate a very large set of kinetic experimental data for given fast 
redox reaction using this conclusion of bi-linear behavior of (4). The initiating moment can 
be associated with pre-equilibrium reaction and propagation can be associated with fast 
decomposition of colored complex CuS2O3. 
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