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ABSTRACT 

Computer program for analysis of experimental interfacial tension to  evaluate excess charge density, 
relative surface excess of the organic sorbate and differential capacitance are briefed. Orthogonal moving 
polynomial fitting, least square method of smoothing the experimental data and the statistical evalua- 
tion of method of fitting are reported. The developed program is tested for the reported results. 
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INTRODUCTION 

E lectrosorption of organic substances on the properties of the electrode- 
solution interface is studied widely in important fields of elec- 

trochemistry as electrosynthesis, electrocatalysis, fuel cells, and corrosion 
inhibition. To underatand the mechanism of electrosorption, cxperimen- 
tal measurements with electroapillary and differential capacitance set ups 
are made. Using the basic Gibbs adsorption equation, the thermodynamic 
relation between the variables at an electrified interface is evaluated. The 
charge density (q) is found from the first derivative of the electrocapillary 
curve and the capacity (c) of the double layer can be obtained from the 
second derivative of the electrocapillary curve. Surface excess of organic 
adsorbate is determined from the firsi derivative of surface tension with 
respect to logarithm of concentration of added organic substance. Frac- 
tional surface coverage, the fitting of isotherm, calculation of standard 
free energies of adsorption and polarizability of the molecule are carried 
out from the above analysed data. 

THERMODYNAMIC EQUATIQNS 

The electrocapillary equation used in the analysis is given by equation (1) 

where.3 = interfacial tension 
qM = excess charge density on the mercury surface 
E = Electrode potential 
ro  = Relative surface excess of the organic sorbate 
po = Chemical potential in the solution 

To evaluate QM and r o  using electrocapillary study, interfacial tension 
are measured at various concentrations of organic substance. qM, ro and 
c are evaluated using the equations given below. 

where a0 = activity of the organic sorbate in solution 
- w 

where c = Differential capacitance (which experimentally can be measured) 
ANALYSIS 

In general, adsorption of organic compound can be determined either by 
interfacial tension or by differential capacitance measurements. The analysis 
of data obtained by measuring interfacial tension is more difficult than 
analysis of data obtained by measuring differential capacitance. Experi- 
mental results of capacitance are integrated to obtain q. Integration smooths 
the data. For evaluation of equations (2). (3) and (4) the mathematical pro- 
cess involved is differentiation which tends to magnify random errors. 

For differentiation, the methods available are graphic method, numerical 
differentiation and method of least squares. Graphical procedure is tedious 
and inherently inaccurate and leads to serious question in the interpreta- 
tion of experimental results. Normal numerical differentiation requires equal 
interveiled data. For quick and accurate analysis, many computational pro- 
cedures based on method of least squares have been reported. Mainly two 
types of differentiation methods were considered. 

(1)Those in which a curve was fitted to the data over the whole range 
of the independent variable E, and (2) those in which a curve was fitted 
to  a segment which contained a fiied number of data points and which 
was moved over the range of E, one point being added and one deleted 
per move consecutively known widely as moving polynomial method. 

The reported methods do not give the complete computer listing and 
do not reveal the inhe~ent difficulties involved with each method of analysis. 
Many !,2,4,d accept the fact that their developed ptogram may not work 
in another environment even though their routines have been used suc- 
cessfully in their laboratories with the additional checks. Here we report 
the programs developed in BASIC language so that any electrochemical 
scientist can use the analysis in any microcomputer system. The developed 
program has the flexibility in introducing weighing function, seIection of 
various polynomials and smoothing routines. For relative comparison of 
each technique, results obtained using other reported programs are also 
presented. 



Kalidaes eta1 - Computer program for tkmodymmic anaiysis of electmcapillary data 

METHOD OF LJMST SQUARES 

Polynomial curve of degree M for N points of observation is fitted in the 
form of equation (5). (M ( N) 

By applying least squares criterion, n o r d  equations are &rived. It is 
@ten in the matrix form 

where [i and [B] are a fundon of r and E u d  the coeffkknt matrix [q is ev uated by inverting [AI. When the detrrminant [B] tends to be 
very small, the solution of the coefficient m a t h  [K] is likely t6 be unw- .- p,q. 

Recently many workers have started using offhogonal polynomials for 
determining least squares polynomial coefficients. The method involves 
in constructing a set of polynomials #&. &( x)a ...... . . f i x  such that 
each member is orthogonal to .U othtts in the%& relative to a specified 
weighing function w(x). Thus we require a polynomial of$,@) of degree 
r such that L w(x)$~x) A(x)  = 0 for r $ k. H m  a three term recur- 
rence relation is used to generate the orthogonal polynomial (6). In general 
jth polynomial is defined over the x data point by 

(x) = x x. $j-l(X) - ai$j-l(~) 

-6  f i -2  [x) ......... (7) 
wherd j  and Bj are evaluated by the foll&ing equations 

SMOOTHING 

.The least qullces approach is used to obtain a smoothed polynomial before 
differentiating. This proass minimizeri the sum of the squares of the 
residuals of the original data at the sample points but says nothing about 
the behaviour between the sample points. Thus, while we can hope that 
the derivative is estimated accurately. we are not in a very good position 
to be sure that the least squares polynomial does not have some wiggles 
between the sample points which will greatly influence the estimate of the 
derivative. 

Differentiation method is quite sensitive to experimental errors in the 
values of interfacial teasion. Smoothing has been obtained by applying least 
squares parabolic fitting to moving stgments of the eleetrocapillary curve. 
Various smoothing formulae (3.4) are available. Here mostly first degree 
least squares approximation relevant to three points is used or the fitted 
values using high degree polynomial are used. 

Various statistical tests like maximum, minimum error in fitting, variance 
estimation etc. are being applied to test the quality of fittingl2.41.Here 
maximum and minimum error estimation alone is done as variance ave!rages 
the variation. 

RESULTS AND DISCUSSION 

After developing the above programs, the results of reference 1 is tested 
for fitting. Figure 1 gives the computer print out of analysed case with 
reference to Table i. Close match in q r-d Aculation could be seen. 
It is reported that 'Parsons et al calculated dative surface excesses from 
surface tcnsion-eaivity data by fitting thedata points over the whole range - 

p j + ~  ..<9) to a cubic equation. For the sake of cornpatison, Mohilner method of 
"Cubic fitting" is also applied for fitting. Table I summarises the percen- 

j-1 tagc error obtained in the various cases analysed. It is found that various 
The co'umnslC j and 'j can therefore Ienerate the value Of these smoothing routines do not improve the fitting very well in the case of 

polynomials recursively. The value of Y is computed by selecting the 
polynomials gj(x) 

reference 1. 

V = 1 c. $. (x) The various cases tried a: (1) simple moving cubic fit @2) cubic l 
J J J  

................. (10) 
with one smoothing (3) cubic fit with two smoothing (4) movmg orthogonal 

where coefficient matrix is evaluated using the expression using orthogonal cubic fit (5) moving orthogonal cubic fit with one smoothing (6) moving 

property Z C (1) x YO) x W(1) 
orthogonal cubic fit with two smoothing and moving orthogonal of various 

ZOEF(K) = I degreeii and various weighing functions. With orthogonal polynomial fit- 
ting, the fust differential - Q fitting error could be brought down to zero 

- ..... (1 1) as shown in Table I. While with Mohliner cubic fit (2), the error was in 
the range of 3.4%. The second differential - C fitting error was in the range 

I " of 14% while with moving cubic fit (2). the maximum error was in the 
lifter evaluating the coefficients and (I0) reduced range of 20%. it is found that the developed program is a flexible one with 

to form .ad and -nd are evaluated as 
the capability of doing either (1) moving orthogonal third or any degree for Mth degree fitting substituting corresponding E values. 

6 \ fitting or (2) single polynomial fitting of any degree with weighing func- 
7 - -- = tion. From the overlaying facility, the gross fitting of the results could be 

K1 + 2K2E + 3K3E$..+ M x KME 
6 E 

decided in a better way. 
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FIG - 2 
TQBLE-3:ELECTRQCQPILLFRY CURVES (CQSE No:3> 
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K a l i  eta1 - Computer program for thermodynamic rnotyais of ekcmqibty data 

1. 0.01M KBr in water Potential E rs Original valuer of3, Q, C and computed 0.133 0 14 10 Fitting 3 
v d l e  o f t ,  Q, C (Tablel; Ref: 1) t o g e t Q & C  

2. b. lM KBr in water do- (Table 2; Ref:l) 0.835 0 13.03 10 do- 

3. 1 .dM KBr in water -do- (Table 3; Ref:7) 0.064 0 3.6 10 d o -  

4. bdlbl  KBr in water Potential E vs original capacitance and computed - - 9.61 10 Fitting 
capacitance (Table 7; Ref! 1) charge to get C 

5. 0.1M KBr in water -do- (Table 2; Ref: 1) - - 5.8 8 do- 

6. 1 .m KBr ih watet -do- (Table 3; Ref:l) - - 3.4 8 do- 

7. O.0ihr KBr in water Potrtltid vs oddnol capacitance and two time fitted C - - 10.62 10 Fitting corn- 
(Table 1 ; Rek 1) puted Q to get C 

0. 0.1M KBr in water d o -  (Table 2; Ref:l) - - 9.4 8 -do- 

9. 1.OM KBr in water &- (Tabk 3; Ref; 1) - - 3.4 - 8 -do- 

REFERENCES 

1. j Lawrence, R Pariona, R Payne.J Electroanal Chem, 16 (1968) 193 1956, pp 258-31 1 

2. P R Moliilner and D M Mohilner "Thermodynamic analysis of elec- 4. W R Fawcett and J E Ke@, CM 3 C- 4:47 (1970) 
troccrpillary &fa" Chap 1, Computers in Chembtry and Imtrumentation, 
Vol. 2 Electrochemktty: Calculations, sirnulotion and imtrumentation. 5. K Dobinofer, Admption of 5-chleKo-1 pmtancf on memry electrodes, 
Marcel Dckker, Inc., New York 1972 Ph.D. Chemistry Colorado State University, USA, March 1970 

3. F B Hilderbrand, Introduction to Numerical Anal~ is ,  McGraw-Hill 6. Canning R W, Numericoi methwls for scient istsandengineem, New York, 
McGraw Hill, 1962, p 223 

M' 

17, MEQHAL SERVICE IND. ESTATE. 
2ND. FLOOR, DEVlDAYAL ROAD, 
MULUND WEST. BOMBAY-400 080. 
PHONE: OFF: 661 3 2  7 2  & 660 26 9 6  

Bulletin of Electrochemimy, Vd. 2(4J July-August 1988 435 




