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METHOD OF CLASSIFYING THE DRUGS BY USING THE NYQUIST 
PLOTS OF A REFERENCE REDOX DIELECTRODE (RRD) AND OF 
THE MULTIELECTRODE (ME)D=(RRD) CONTAINING THE DRUG D 

 

NICOLAE BONCIOCATa AND ADINA COTARTAa  
 

ABSTRACT. The proposed method uses a reference redox dielectrode 
(RRD) in whose electrical scheme enter: the Faraday impedance 

( )[ ] RRDFZ ω  in parallel with the double layer capacity dC , and the solution 

resistance solR . In ( )[ ] RRDFZ ω  enter in series: the charge transfer ( ) RRDctA  

and the diffusion ( )RRDdB  resistances, and the Warburg pseudo-capacitance 

( )ωWC , ω being the radial frequency of the current. In the multielectrode 

( ) ( )RRDME D =  containing the drug, dC  and solR  maintain their values. 

To account for the change of ( )[ ] RRDFZ ω , we have considered two theoretical 

quantities: a pseudo-capacitance and a pseudo- inductance, and two possible 
arrangements of them: in series, respective in parallel. Consequently, other 

two Faraday impedances have resulted: ( )
( )∗

∗

DEMFZ ][ ω  containing the series 

arrangement of ( )ω∗
sL , ( )ω∗

sC , respective ( )
( ) ∗∗

∗∗

DEMFZ ][ ω  containing the 

parallel arrangement of ( )ω∗∗
pL , ( )ω∗∗

pC : 

(I*) 

            (I**) 
          As criteria of classifying the drug, we have proposed the Thomson radial 

frequencies ( ) ( )[ ] 2/1
,

−⋅= ωωω sssTh CL , respective ( ) ( )[ ] 2/1

,

−∗∗∗∗ ⋅= ωωω pppTh CL . 

Three classes of drugs have resulted: the class(1) of drugs having no effect, 
for which ∞=sTh ,ω  and 0, =pThω ; the class (1*) of drugs having effect, for 

which ∞〈〈 sTh,1 ωω  and the class (1**) of drugs having effect, for which 

1,0 ωω 〈〈 pTh . By 1ω  is denoted the smallest radial frequency used. 
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INTRODUCTION  

 In a series of papers, Bonciocat et al., have shown that the faradaic 
current density of an electrode redox reaction occuring with combined 
limitations of charge transfer and nonstationary, linear, semiinfinite diffusion 
is the solution of an integral equation of Volterra type[1-7]. By solving this 
integral equation, new methods of direct and cyclic voltammetry, applicable 
in aqueous electrolytic solutions, or in molten salts, have been developed 
[8-20]. The above mentioned equation has also led to a new approach to the 
Electrochemical Impedance Spectroscopy when only the charge transfer 
and diffusion limitations are present[21-23]. Very recently has been shown that 
the (E I S) method may have important applications in drug research[24-27]. 
 The proposed (E I S) method of classifying the drugs uses the 
following reference redox dielectrode(RRD): 

 Pt| [Fe(CN)6]
3- / Fe(CN)6]

4-, KCl (in excess), O2 physically dissolved 

             (1) 

which, e.g., in weak acidic media, has the reactions: 

OHeHO 22 2

1

4

1 →++ +          (1a) 

 ( )[ ] ( )[ ] eCNFeCNFe +→ −− 3
6

4
6         (1b) 

 Concerning the electric scheme of the measuring cell needed to 
obtain the Nyquist plots, it refers only to the electrode under study, because 
the impedance of the reference electrode is practically equal to zero. In an 
oversimplified scheme, but adequate for the aim of this paper, must enter 
the Faraday impedance ZF in parallel with the double layer capacity Cd and 
in series with this parallel arrangement the solution resistance Rsol . 

As for ZF, it represents the impedance of a series circuit, in which enter: 
the charge transfer resistance Act, the Warburg diffusion resistance RW(ω), 
and the Warburg pseudo-capacitance CW(ω), ω being the radial frequency 
of the alternating current [see figure 1]. 

 
Figure 1. The electric scheme of the measuring cell nedeed to obtain  

the Nyquist plot of the RRD dielectrode 
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CW(ω) has been introduced by Warburg to explain the phase difference 
between the current and the tension. Act and RW(ω) are ohmical terms which 
don’t introduce a phase difference between the current and the tension, 
and for this reason, in the complex plane, their values represent the lengths 
of two segments situated along the real axes. CW(ω) introduces a Warburg 
capacitive reactance ( )ω

WCX , situated along the imaginary axes and having 

the expression: 
 ( ) ( ) jRX WCW

ωω −≅           (2) 

Taking into account the relation that exists between a capacitance C 
and its capacitive reactance XC, i.e., [ ]CXC ω/1= , it follows: 

 ( ) ( )[ ]ωωω WW RC /1=          (2’) 
and thus: 

 ( ) ( )
ω

ωω 1=WW CR           (3) 

Because the reactions (1a and 1b) occur simultaneously, with their 
individual contributions, it follows that the quantities Act, RW(ω) and CW(ω) 
may be written in the forms: 

 
21

111

ctctct AAA
+= ;  ( ) ( ) ( )ωωω

21

111

WWW RRR
+= ; 

( ) ( ) ( )ωωω
21 WWW CCC +=           (4) 

taking into account the fact that the corresponding resistances and pseudo-
capacitances are arranged in parallel. 
 The figure1 has been considered adequate for the reference redox 
dielectrode (RRD), because the expressions of the Nyquist plots in the 
domain of very small values of ω, obtained on its basis, have proved to be 
in good agreement with the experimental data. 
 
THEORETICAL SECTION  

 The theoretical development given in this paper is based on the 
following idea: to explain the phase difference between the current and the 
tension, we shall use instead of one theoretical quantity (as the Warburg 
pseudo-capacitance CW(ω), two theoretical quantities, namely a pseudo-
capacitance, and a pseudo-inductance. Because the phase differences 
introduced by these physical quantities are different, and depend on their 
arrangement, i.e., in series or in parallel, we must analyse separately these 
two possibilities. 
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 Consequently, to propose criteria of classifying the drugs, we have 
considered other two electric schemes of the measuring cells, because the 
drug D, introduced in the electrolytic solution of the (RRD) dielectrode, 
changes the figure1, either in figure1*, corresponding to a multielectrode 

( )∗DME , or in figure1**, corresponding to a multielectrode ( ) ∗∗
DME : 

 

 
 

Figure 1*. The electric scheme of the measuring cell nedeed to obtain the  

Nyquist plot of the ( )∗DME  multielectrode 

respective: 

 
 

Figure 1**. The electric scheme of the measuring cell nedeed to obtain the  

Nyquist plot of the ( ) ∗∗
DME  mutielectrode. 

 
 Because KCl is in excess, the double layer capacity Cd and the 
solution resistance Rsol, maintain their values in all these schemes. Of course, 
a drug that has no effect, doesn’t change the figure 1. Therefore, there are 
three classes of drugs, corresponding to these three electric schemes: (1), 
(1*) and (1**). To estimate the effects of drugs, we have decide to establish 
first the equations expressing in what conditions the electric schemes (1*), 
respective (1**), come back to the scheme (1), i.e., the effects of the 
respective drugs are theoretically annihilated. 
 

Equations expressing the coming back of the figure(1*)  
to the figure(1) 

As one knows, in the complex plane, the impedance of an inductance L 

is jLω , and of a capacitance C is j
Cω

1− . Then, the impedance of the 
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series arrangement ∗
seriesZ  must be equal to the impedance of the Warburg 

pseudo-capacitance ( )ωWC , i.e., 

 ( ) ( )ωω
WCseries ZZ =∗           (5) 

which, explicitly, writes: 

 ( )
( ) ( ) j

C
j

C
L

WW
W ωωωω

ωω 11 −=












− ∗

∗        (6) 

Eq.(6) represents the first equation, and expresses the equality 
between the values on the imaginary axes of the complex plane. From 
eq.(6) results: 

 ( )
( ) ( )ωωωω

ωω
WW

W CC
L

11 −= ∗
∗         (6’) 

Because ( )ωω ∗
WL  is a positive quantity, it follows: 

( ) ( ) ( );ωωαω WDW CC ∗∗ =  ( ) ( )
( ) ( )ωωωα

ωαωω
WD

D
W C

L
11

⋅
−

= ∗

∗
∗ ; 

( ) 1〈∗ ωα D  

              (7) 
Eqs.(7) represent the consequences of eq.(6), and give the relations 

that must exist between the theoretical quantities ( )ω∗
WC , respective ( )ω∗

WL , 

and the Warburg pseudo-capacitance CW(ω). As one sees, there are an 

infinity of possibilities, because there are an infinity of values ( )ωα ∗
D  less 

than unity. 
 Coming back to eq.(3), one sees that the product ( ) ( )ωω WW CR  

depends only on the radial frequency ω. Consequently, a second equation 
will be the equality: 

 ( ) ( ) ( ) ( )ωωωω WWWW CRCR =∗∗         (8) 

Taking into account the first equation(7), it results: 

 ( ) ( ) ( )ωωαω ∗∗= WDW RR ; ( ) 1〈∗ ωα D        (9) 
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i.e., there are again an infinity of possibilities (because of ( ) 1〈∗ ωαD ) 
relating the Warburg diffusion resistances of the two electric schemes (1) 
and (1*). 

The third equation gives the equality of the total ohmical resistances 
in the two schemes (i.e., of the values on the real axes the complex plane): 

 ( ) ( )ωω WctWct RARA +=+ ∗∗         (10) 

Using eq.(9), results: 

 ( ) ( ) ∗∗∗ ++−=+ ctsolWDctsol ARRAR ωωα ]1[       (11) 

if one introduce the solution resistance too. 
 

Equations expressing the coming back of the figure(1**)  
to the figure(1) 

Now the impedance of the parallel arrangement ∗∗
parallelZ  must be 

equal to the impedance of the Warburg pseudo-capacitance ( )ωWC : 

( ) ( )ωω
WCparallel ZZ =∗∗ , i.e.,  ( ) ( )ωω

WCparallel ZZ /1/1 =∗∗     (12) 

which, explicity, writes: 

 
( )

( ) ( ) jCjC
jL

WW
W

ωωωω
ωω

=+ ∗∗
∗∗
1

      (13) 

Eq.(13) represents the first equation, and expresses the equality 
between the values on the imaginary axes of the complex plane. From 
eq.(13) results: 

 ( ) ( ) ( )ωωωωωω WWW CCL −= ∗∗∗∗/1        (13’) 

( )ωω ∗∗
WL/1  being a positive quantity, it follows: 

 ( )
( )

( )ω
ωα

ω W
D

W CC ∗∗
∗∗ = 1

; ( ) ( )
( ) ( )ωωωα

ωαωω
WD

D
W C

L
1

1
⋅

−
= ∗∗

∗∗
∗∗ ;

 ( ) 1〈∗∗ ωα D  

             (14) 

Eqs.(14) give the relations that must exist between the theoretical 

quantities ( )ω∗∗
WC , respective ( )ω∗∗

WL , and the Warburg pseudo-capacitance 

( )ωWC . 
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The second equation is similar to eq.(8), i.e.,  

 ( ) ( ) ( ) ( )ωωωω WWWW CRCR =∗∗∗∗        (15) 

and taking into account the first equation(14), results: 

 ( )
( )

( )ω
ωα

ω ∗∗
∗∗ ⋅= W

D
W RR

1
; ( ) 1〈∗∗ ωα D       (16) 

The third equation gives the equality of the total ohmical resistances in 
the two schemes (i.e., of the values on the real axes of the complex plane): 

 ( ) ( )ωω WctWct RARA +=+ ∗∗∗∗         (17) 

which, using eq.(16), writes: 

 
( )

( ) ∗∗∗∗
∗∗ ++












−=+ ctsolW

D
ctsol ARRAR ω

ωα
1

1      (18) 

if one introduces the solution resistance too. 

 Finally, from eqs.(7, 9 and 11) one sees that for ∗
Dα < 1, the pseudo- 

inductance ( )ω∗
WL  is different of zero, and ( )ω∗

WC , ( )ω∗
WR  and ∗

ctA  are 

different of CW(ω), RW(ω) and Act. In other words, for ( )ωα ∗
D < 1, the drug D 

belongs to the class (1*). The same equations show that for ( )ωα ∗
D =1, 

( )ω∗
WL =0, and ( )ω∗

WC , ( )ω∗
WR  and ∗

ctA  are equal to CW(ω), RW(ω) and 

Act. This means that for ( )ωα ∗
D =1, the drug D has no effect, i.e., belongs to 

the class(1). Similarly, eqs.(14, 16 and 18) show that for ( )ωα ∗∗
D < 1, the 

drug D belongs to the class (1**), and for ( )ωα ∗∗
D =1, the drug D has no 

effect, i.e., belongs to the class (1). Generally, ( ) ( )ωαωα ∗∗∗ ≠ DD ,because 
there are an infinity of drugs belonging to the class(1*), as well as an infinity 
of drugs belonging to the class(1**). Unfortunately, the use of the pair 

( )ωα ∗
D , ( )ωα ∗∗

D , as a criterion of classifying the drugs, has an important 
disadvantage, namely, the fact that their values are both less than unity, 
i.e., they are on the same side of the unity. It is necessary to find a pair of 
quantities, one for the class(1*), the other for the class(1**), whose values 
are on the left, respective right, side of a reference value. 
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The Thomson radial frequency ( ) ( )[ ] 2

1

,

−∗∗= ωωω WWsTh CL  of the 

series circuit considered instead of Warburg pseudo-capacitance 
CW(ωωωω) 

From eqs.(7), one gets: 

( ) ( )[ ] ( )
( )ωα

ω
ω

ωαωωω
∗

−∗−∗∗

−
=











 −
==

D

D
WWsTh CL

1

1 2

1

2
2

1

,     (19) 

which, for ω=ω1, i.e., the smallest radial frequency used (say 0.2Hz = 1.256s-1), 
becomes: 

( )[ ]
( )1

1
1,

1 ωα

ωωαω
∗

∗

−
=

D

DsTh        (19’) 

Eq.(19’) shows that for ( ) 01 =∗ ωα D , the Thomson radial frequency 

is equal to ω1, i.e., ω1 represents the resonance Thomson radial frequency 

of the series circuit  of the scheme (I*). Because 

( ) 10 1 〈≤ ∗ ωα D , it folows that: 

 ( ) ∞〈〈≤≤ ∗ ]10[ 1,1 ωαωω DsTh        (20) 

i.e., the values of the Thomson radial frequencies ( )][ 1, ωαω ∗
DsTh  are 

greater than the resonance Thomson radial frequency ( ) 11, ]0[ ωωαω ==∗
DsTh , 

i.e., on the real axes, they are situated on the right hand side of the 
reference value ω1. 

The Thomson radial frequency ( ) ( )[ ] 2

1
****

,

−
= ωωω WWsTh CL  of the 

parallel circuit considered instead of the Warburg pseudo-
capacitance CW(ωωωω) 

From eqs.(14) one gets: 

( ) ( )
( )[ ] ( )ωαω
ωαω

ωωω ∗∗
−

∗∗

−∗∗∗∗ −=












−
== D

D
WWpTh CL 1

1

1
][

2

1

2
2

1

,   (21) 

which, for ω= ω1, becomes: 

 ( )[ ] ( )111, 1 ωαωωαω ∗∗∗∗ −= DDpTh        (21’) 
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Eq.(21’) shows that for ( ) 01 =∗∗ ωα D , ω1 represence also the resonance 

Thomson radial frequency of the parallel circuit    of 

the scheme (I**). Because ( ) 10 1 ≤≤ ∗∗ ωα D , it follows that: 

 ( ) 0][ 1,1 ≥≥ ∗∗ ωαωω DpTh         (22) 

i.e, the values of the Thomson radial frequencies ( )][ 1, ωαω ∗∗
DpTh  are less 

than the resonance Thomson radial frequency ( ) 11, ]0[ ωωαω ==∗∗
DpTh , i.e., 

on the real axes, they are situated on the left hand side of the reference 
value ω1. 

From the inequalities (15 and 17), results that the pair 

( ) ( )][,][ 1,1, ωαωωαω ∗∗∗
DpThDsTh  satisfies the necessary conditions for being 

used as criterion of classifying the drugs. 
Indeed, for a drug belonging to the class(1), i.e, having no effect, 

because both ( )1ωα ∗
D  and ( )1ωα ∗∗

D , tend to unity, the Thomson radial 

frequency ( )][ 1, ωαω ∗
DsTh  will tend to infinity, while the Thomson radical 

frequency ( )][ 1, ωαω ∗∗
PpTh  will tend to zero. For the drugs belonging to the 

class (1*), the classifying criterion will be the Thomson radial frequency 

( )][ 1, ωαω ∗
DsTh , while for the drugs belonging to the class(1**), the classifying 

criterion will be the Thomson radial frequency ( )][ 1, ωαω ∗∗
DpTh . 

From a series of drugs belonging to the class(1*), the most efficient 

is that corresponding to the smallest value ( )][ 1, ωαω ∗
DsTh . From a series of 

drugs belonging to the class (1**), the most efficient is that corresponding 

to the greatest value ( )][ 1, ωαω ∗∗
DpTh . 

 

The expression of ( )][ 1, ωαω ∗
DsTh  in terms of ctA , ∗

ctA  and ( )1ω∗
WR  

From eq.(11) results: 

 ( ) ( )
( )1

11
ω

ωα ∗

∗
∗ +−+

=−
W

ctsolctsol
D

R

ARAR
      (23) 
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To go further, we remind that the parametric equation giving the real 
part of a Nyquist plot in the domain of very small frequencies (round  
υ =ω/2π= =0.2Hz), is (see[22, 23]): 

 ( )
2/1

2/1

22
Re

ω
ω

π
ω d

ctsoldctsol
B

ARB
J

AR ++=++≅ −     (24) 

where J represents the Fresnel integral: 

 
2

cos

0
2/1

π== ∫
∞

dx
x

x
J          (24’) 

The last term on the right hand side of eq.(24), represents the 
Warburg diffusive resistance RW(ω), and thus (for ω1 =1.256s-1): 

 ( ) ( )
∗

∗
∗ +−+

=−
d

ctsolctsol
D

B

ARAR

446.0
1 1ωα       (25) 

Introducing the expression of ( )11 ωα ∗− D  in eq.(19’), one gets: 

 ( )[ ] ( )
1

2/1

1,
446.0

ωωαω
−

∗

∗
∗











 +−+
=

d

ctsolctsol
DsTh

B

ARAR
     (26) 

(Rsol is maintained in eqs. (23-26), because we shall give equations for 
determining the sum of the solution and charge transfer resistances). 
 

The expression of ( )][ 1, ωαω ∗∗
DpTh  in terms of ctA , **

ctA  and ( )1
** ωWR  

From eq.(18) results: 

 
( )

( )
( )11

1
1

ωωα ∗∗

∗∗

∗∗
+−+

=











−

R

ARAR ctsolctsol

D

      (27) 

and explicitating the Warburg diffusion resistance ( )1ω∗∗R  (see eqs. (24, 24’)): 

 
( )

( )
∗∗

∗∗

∗∗
+−+

=











−

d

ctsolctsol

D B

ARAR

446.0

1
1

1ωα
      (27’) 

Further, after some trivial operations, eqs. (27’ and 21’) lead to: 

( )[ ] ( )
( )[ ] 1

2/1

1,
446.0

ωωαω












+−+−
+−+

= ∗∗∗∗

∗∗
∗∗

ctsolctsold

ctsolctsol
DpTh

ARARB

ARAR
    (28) 
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Estimation of Rsol + Act and Bd, in terms of the abscissae, Re(ωωωω1) 
and Re(ωωωω2), of the Nyquist plot of the RRD dielectrode; ωωωω1= 1.256s-1, 
ωωωω2= 1.582s-1 

In figure 2, is given the shape of a Nyquist plot obtained by points, 
e.g., 10 points per decade (i.e., corresponding to a unitary distance on the 
logaritmic scale). 

From eq.(24), it follows: 

 
( )
( )

2/1

2

1

2

1

Re

Re
−









≅

−
−

ω
ω

XP

XP
; ctsol ARX +=      (29) 

i.e., 

 ( ) ( ) ( )





 −
−≅+

122.0

ReRe
Re 21

2
ωωωctsol AR       (30) 

where: 

 122.01
2/1

2

1 =−







−

ω
ω

         (30’) 

Further, from eq.(24) written for ω1, results: 

 ( ) ( )[ ]21 ReRe6.20 ωω −=dB         (31) 

 

 
 

Figure 2. The shape of a Nyquist plot obtained by 10 points per decade.  
The first point corresponds to ω1= 1,256s-1, and the second point to  

ω2 = ω1⋅100.1=1.582s-1. 
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Estimation of ∗+ ctsol AR  and ∗
dB , in terms of the abscissae, ( )1Re ω∗  

and ( )2Re ω∗  of the Nyquist plot of the ( )∗DME  multielectrode; 

ωωωω1 =1.256s-1, ωωωω2 =1.582s-1 

 In this case, the Nyquist plot gives the dependence ( )ω∗− Im  vs Re*(ω). 

In rest, the procedure of getting the expressions of ∗+ ctsol AR  and ∗
dB  

is the same(see eqs.(29-31)). 
Thus: 

 ( ) ( ) ( )










 −
−≅+

∗∗
∗∗

122.0

ReRe
Re 21

2
ωωωctsol AR      (32) 

and: 

 ( ) ( )]Re[Re6.20 21 ωω ∗∗∗ −≅dB        (33) 

 

Estimation of **
ctsol AR +  and **

dB  in terms of the abscissae, ( )1
**Re ω  

and ( )2
**Re ω  of the Nyquist plot of the ( ) **

DME  multielectrode; 

ωωωω1 =1.256s-1, ωωωω2 =1.582s-1 

 In this case, the Nyquist plot gives the dependence -Im**(ω) vs. Re**(ω), 
and by applying the same procedure, one gets: 

 ( ) ( ) ( )










 −
−≅+

∗∗∗∗
∗∗∗∗

122.0

ReRe
Re 21

2
ωωωctsol AR      (34) 

respective: 

 ( ) ( )]Re[Re6.20 21 ωω ∗∗∗∗∗∗ −≅dB        (35) 

 

The values ( )][ 1, ωαω ∗
DsTh  may be obtained by using the experimental 

values ( )1Re ω , ( )2Re ω  and ( )1Re ω∗ , ( )2Re ω∗  

Coming back to eq.(26), and using eqs.(30, 32, 33) one gets: 

 ( )[ ] ( ) ( )[ ]
1

2/1

21
1,

ReRe121.1 ωωωωαω












−
−

≅ ∗∗

∗∗
∗

ba
DsTh      (36) 

where 

 ( ) ( )]ReRe[122.1 21 ωω ∗∗ −=a        (36’) 
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and 

 ( ) ( )11 ReRe ωω ∗∗ −=b        (36”) 

Because of the inequalities (20), the criterion ( )][ 1, ωαω ∗
DsTh  may 

be used to classify the drugs belonging to the class(1*), characterized by 

the inequality 〉∗a  ∗b , or to show that a drug has no effect, i.e., belongs to 

the class(1), characterized by the equality ∗∗ ≅ ba  when ( ) .][ 1, ∞→∗ ωαω DsTh  

 

The values ( )][ 1
**

, ωαω DpTh  may be obtained by using the experimental 

values ( )1Re ω , ( )2Re ω  and ( )1
**Re ω , ( )2

**Re ω  

Coming back to eq.(28), and using eqs.(30, 34, 35), one gets: 

( )[ ]
( ) ( )[ ] 1

2/1

21
1,

ReRe121.1
ω

ωω
ωαω













+−−
+−≅ ∗∗∗∗∗∗∗

∗∗∗∗
∗∗

ba

ba
DpTh     (37) 

where: 

 ( ) ( )]Re[Re122.1 22 ωω ∗∗∗∗ −=a        (37’) 
and: 

 ( ) ( )11 ReRe ωω ∗∗∗∗ −≅b        (37”) 

 Because of the inequalities(22), the criterion ( )][ 1
**

, ωαω DpTh  may 

be used to classify the drugs belonging to the class(1**), characterized by 

the inequality 〈∗∗a ∗∗b , or to show that a drug has no effect, i.e., belongs to the 

class(1), characterized by the equality ∗∗∗∗ ≅ bα , when ( ) 0][ 1
**

, →ωαω DpTh . 

 
The necessary steps in applying the procedure of classifying 
and testing the efficiency of drugs. 

1. One records the Nyquist plot of the RRD dielectrode, and one 
gets the values Re(ω1) and Re(ω2). 

2. One records the Nyquist plot of the multielectrode = RRD 
containing the investigated drug D, and one gets the values corresponding 
to the abscissae of the first two points P1(ω1), P2(ω2). These values may be, 

either ( )1Re ω∗ , ( )2Re ω∗ , or ( )1Re ω∗∗ , ( )2Re ω∗∗ , depending on the type 

of the multielectrode, i.e., ( )∗DME  or ( ) ∗∗
DME . 

 One decides by means of the inequalities ∗∗ 〉ba  or 〈∗∗a ∗∗b . 
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3. If ∗∗ 〉ba  one concludes that D belongs to the class (1*), and 

( ) ( )∗= DD MEME  

4. If ∗∗∗∗ 〈 ba , one concludes that D belongs to the class (1**), and 
(ME) = (ME**)D 

5. If ∗∗ ≅ ba (when also ∗∗∗∗ ≅ ba ), one concludes that D has no effect, 
i.e., belongs to the class(1), and (ME)= RRD. 

6. If D∈ (1*), one obtains the radial Thomson frequency ( )][ 1
*

, ωαω DsTh , 

by applying equation(36). 
7. If D∈ (1**), one obtains the radial Thomson frequency 

( )][ 1
**

, ωαω DpTh , by applying equation(37). 

 

In conclusion, for getting the values ( )][ 1, ωαω ∗
DsTh , respective 

( )][ 1
**

, ωαω DpTh  sufice to take, from the corresponding Nyquist Plots, 

only two values, ( )[ ]11Re ωP  and ( )[ ]22Re ωP , and to apply the formulae 
(36) and (37). 
 
 
EXPERIMENTAL SECTION 

 Method of recording the Nyquist plots 

As we have already said(see the end of the INTRODUCTION 
chapiter) the figure(1) of the (RRD)- dielectrode has proved to be adequate 
for explaining the Nyquist plots in the domain of very small values of ω. In 
other words, to explain the phase difference between the current and the 
tension, suffice to use one single theoretical quantity, i.e., the Warburg 
pseudo-capacitance ( )ωWC . 

In this paper, one analyzes the effect that some drugs have upon 
the electrochemical properties of the reference redox dielectrode(RRD). 
These drugs have been introduced in the electrolytic solution of the 
reference redox dielectrode, maintaining the total volume of the solution at 
V=300ml. In this way, the electrochemical system(eq.(1)) of the reference 
redox dielectrode(1) transforms in the electrochemical systems of the redox 

multielectrodes: ( )∗DME , or ( ) ∗∗
DME , i.e., of: 
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Pt | [Fe(CN)6]
3- / [Fe(CN)6]

4-, KCl(in excess), v ml drug D∈(1*),  
O2 physically dissolved                                             (38) 

or: 

Pt | [Fe(CN)6]
3- /[Fe(CN)6]

4-, KCl(in excess), v ml drug D∈(1**),  
O2 physically dissolved                                             (38’) 
 
depending on the type of schemes: (1*) or (1**), of the measuring cells 

nedeed to obtain the Nyquist plots of the respective multielectrodes ( )∗DME  or 

( ) ∗∗
DME . The concentrations of all species, excepting those of the investigated 

drugs, are given with respect to the same total volume V= (V-v )+v = 300ml, 
and are equal in the three systems: (1), (38) and (38’). Because of this request, 
one may consider that the drugs that don’t have therapeutic effects, maintain 
the type of scheme(1) for the measuring cell nedeed to obtain their Nyquist 
plots, i.e., that they belong to the class(1). 

To perform the experiments a SP-150 Potentiostat/ Galvanostat 
Bio-Logic Science Instruments has been used. 

The experiments have been made at equilibrium, i.e., at a constant 
overtension η =0V, and for each drug, four Nyquist plots have been 
recorded, using an amplitude of 10mV for the alternating overtension η~ , 

and radial frequencies between ω1 =1.256s-1 and ωN= 6.28x105s-1.  
The Nyquist plots have been recorded by points, using 10 points per 

decade(i.e., for passing from a value ω’ to the value ω’’ =10ω’). For this 
reason, ω2 =ω1⋅100.1=1.582s-1. 
 

Method of classifying the drugs 

 In Tables 1 and 2 one gives the method used for establishing to 
what class belongs the investigated drug. 
 

Table 1. Method of establishing to what class of drugs belong  
the investigated drugs  

 

Dielectrode  Re(ω1) 
(Ω) 

Re(ω2) 
(Ω) 

 

 

RRD 
 

V= 300 ml 
 

319 
322 
318 
320 

291 
291 
289 
290 
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Multielectrode ( )1Re ω∗  
or 

( )1Re ω∗∗

(Ω) 

( )2Re ω∗  
or 

( )2Re ω∗∗  

(Ω) 

a* 

or 

a** 

(Ω) 

b* 

or 

b** 
(Ω) 

Conclusions 

(ME)B 
 

V= 300ml 
v= 20ml 

10447 
10936 
11688 
12721 

9944 
10409 
11125 
12206 

-10830 
-10761 
-12158 
-13370 

-10128 
-10614 
-11370 
-12401 

 

a**< b** 
B ∈ (I**) 

( ) ( ) ∗∗= BB MEME  

(ME)Am 
 

V= 300ml 
v= 30ml 

3333 
3032 
3032 
3168 

2924 
2871 
2871 
3010 

-2954 
-2895 
-2897 
-3052 
-2950 

-3014 
-2710 
-2714 
-2848 
-2822 

 

a**< b** 
Am ∈ (I**) 

( ) ( ) ∗∗= AmAm MEME  

(ME)Cf 

 

V= 300ml 
v= 20ml 

7622 
6388 
7465 
9013 

7391 
6209 
7256 
8709 

-7966 
-6640 
-7817 
-9446 

-7303 
-6066 
-7147 
-8693 

 

a**< b** 
Cf ∈ (I**) 

( ) ( ) ∗∗= CfCf MEME  

(ME)Cf 

 

V= 300ml 
v= 30ml 

18773 
21816 
21443 
22051 

17761 
20100 
20235 
21410 

-19601 
-22226 
-22379 
-23697 

-18454 
-21494 
-21125 
-21731 

 

a**< b** 
Cf ∈ (I**) 

( ) ( ) ∗∗= CfCf MEME  
 
 

In these Tables:  

B= Sweedish Bitter ( Original Schweden Tropfen, BANO) 
Am= Achillea Millefolium (S C Dacia Plant SRL Romania Sebes-Tincture) 
Cf= Calendula flos (S C Hofigal S.A. Romania, Bucuresti- Tincture) 
Uh= Urticae herba (S C Hofigal SA Romnaia, Bucuresti- Tincture) 
 

 

Table 2. Method of establishing to what class of drugs  
belong the investigated drugs 

 

Dielectrode Re(ω1) 
(Ω) 

Re(ω2) 
(Ω) 

 

 

RRD 
 

V= 300 ml 
 

319 
322 
318 
320 

291 
291 
289 
290 
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Multielectrode ( )1Re ω∗  
or 

( )1Re ω∗∗  

(Ω) 

( )2Re ω∗  
or 

( )2Re ω∗∗  

(Ω) 

a* 

or 

a** 

(Ω) 

b* 

or 

b** 
(Ω) 

Conclusions 

(ME)Uh 
 

V= 300ml 
v= 20ml 

4235 
3987 
3745 
3551 

4039 
3816 
3582 
3367 

-4205 
-3955 
-3695 
-3452 

-3916 
-3665 
-3427 
-3231 

 
a**< b** 

Uh ∈ (I**) 

( ) ( ) ∗∗= UhUh MEME  

(ME)Uh 
 

V= 300ml 
v= 30ml 

10769 
11098 
11236 
11600 

10330 
10636 
10843 
11133 

-11264 
-11607 
-11842 
-12166 

-10450 
-10776 
-10915 
-11280 

 
a**< b** 

Uh ∈ (I**) 

( ) ( ) ∗∗= UhUh MEME  

(ME)Uh+Am 

 

V= 300ml 
v= (20+20)ml 

3029 
3008 
3200 
3735 

2871 
2848 
3023 
3551 

-2895 
-2869 
-3068 
-3659 

-2710 
-2686 
-2882 
-3415 

 
a**< b** 

(Uh+Am) ∈ (I**) 

( ) ( ) ∗∗
++ = AmUdAmUd MEME  

(ME)B+Am+Cf+Uh 

 

V= 300ml 
v = (10+10+ 

10+10)ml 

3007 
3256 
3487 
3478 

2859 
3107 
3339 
3804 

-2881 
-3160 
-3422 
-3943 

-2688 
-2934 
-3169 
-3658 

 
a**< b** 

B+Am+Cf+Uh ∈ (I**) 
( )
( ) ∗∗

+++

+++ =

UhCfAmB

UhCfAmB

ME

ME
 

 
 

The values (a* or a**), respective (b* or b**) have led to the conclusions given in 
the last columns of these tables, and show that all drugs investigated belong to 
the class (I**). Concerning the drug Am, the first two values (i.e., -2954Ω, -3014Ω) 
satisfy the inequality a*> b*, but the mean values (-2950Ω, -2822Ω) justify the 
conclusion given in the last column of Table1. 

 

Estimation of the Thomson radial frequencies 

 Once the values of a** and b** known, one may go further and estimate 

the Thomson radial frequencies ( )][ 1, ωαω ∗∗
DpTh  by using eq.(37). The 

results are given in tables 3 and 4. 
As one may observe, in the case of the drug Am, the first value of a** 

(i.e., -2954Ω has been replaced by the mean value -2950Ω (see Table 1)), 
and similarly the first value of b** (i.e., -3014Ω) has been replaced by the 
mean value -2822Ω. 
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Table 3. The Thomson radial frequencies ( )][ 1, ωαω ∗∗
DpTh   

estimated by using equation (37) 
 

Drug ( )1Re ω∗∗  
(Ω) 

( )2Re ω∗∗  
(Ω) 

a** 

(Ω) 

b** 

(Ω) 

( )][ 1, ωαω ∗∗
DpTh  

(s-1) 

( )][ 1, ωαω ∗∗
DpTh  

(s-1) 
Mean values 

B 
V=300ml 
v=20ml 

10447 
10936 
11688 
12721 

9944 
10409 
11125 
12206 

-10830 
-10761 
-12158 
-13370 

-10128 
-10614 
-11370 
-12401 

0.935 
0.561 
0.936 
0.994 

 
 

0.857 

Am 
V=300ml 
v=20ml 

3333 
3032 
3032 
3168 

2924 
2871 
2871 
3010 

-2950 
-2895 
-2897 
-3052 

-2822 
-2710 
-2714 
-2848 

0.587 
0.894 
0.891 
0.919 

 
 

0.823 

Cf 
V=300ml 
v=20ml 

7622 
6388 
7465 
9013 

7391 
6209 
7256 
8709 

-7966 
-6640 
-7817 
-9446 

-7303 
-6066 
-7147 
-8633 

1.065 
1.081 
1.081 
1.042 

 
 

1.067 

Cf 
V=300ml 
v=30ml 

18773 
21816 
21443 
22051 

17761 
20100 
20235 
21410 

-19601 
-22226 
-22379 
-23697 

-18454 
-21494 
-21125 
-21731 

0.891 
0.659 
0.871 
1.075 

 
 

0.874 

 

Table 4. The Thomson radial frequencies ( )][ 1, ωαω ∗∗
DpTh  estimated  

by using equation (37) 
 

Drug ( )1Re ω∗∗  
(Ω) 

( )2Re ω∗∗  
(Ω) 

a** 

(Ω) 

b** 

(Ω) 

( )][ 1, ωαω ∗∗
DpTh  

(s-1) 

( )][ 1, ωαω ∗∗
DpTh  

(s-1) 
Mean values 

Uh 
 

V=300ml 
v=20ml 

4235 
3987 
3745 
3551 

4039 
3816 
3582 
3367 

-4205 
-3955 
-3695 
-3452 

-3916 
-3665 
-3427 
-3231 

0.947 
0.965 
0.969 
0.913 

 
 

0.949 

Uh 
 

V=300ml 
v=30ml 

10769 
11098 
11236 
11600 

10330 
10636 
10843 
11133 

-11264 
-11607 
-11842 
-12166 

-10450 
-10776 
-10915 
-11280 

0.992 
0.986 
1.034 
0.996 

 
 

1.002 

Uh+Am 
 

V=300ml 
v=(20+20)ml 

3029 
3008 
3200 
3735 

2871 
2848 
3023 
3551 

-2895 
-2869 
-3068 
-3659 

-2710 
-2686 
-2882 
-3415 

0.898 
0.893 
0.874 
0.925 

 
 

0.898 

B+Am+ 
Cf+Uh 
 
V=300ml 
v=(10+10+ 
+10+10)ml 

3007 
3256 
3487 
3978 

2859 
3107 
3339 
3804 

-2881 
-3160 
-3422 
-3943 

-2688 
-2934 
-3169 
-3658 

0.921 
0.952 
0.976 
0.968 

 
 

0.954 
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As one sees from the mean values of the Thomson radial frequencies, 
the increase of the concentration of the drug Cf (by passing from v=20ml to 

v=30ml) leads to a decrease of ( )][ 1, ωαω ∗∗
fCpTh , from 1.067 s-1, to 0.874 s-1. 

This is not the normal case, because by increasing the concentration, the 
efficiency of the drug must increase too. Consequently, because 

( ) ( ) 111, 1][ ωωαωαω ⋅−= ∗∗∗∗
CffCpTh , its value must increase from zero (when 

1=∗∗
fCα ) towards ω1 (when ∗∗

fCα =0), and not to decrease from 1.067s-1 to 

0.874s-1. 
 The normal case is that of the drug Uh, because by increasing its 

concentration ( )][ 1, ωαω ∗∗
UdpTh  increases too, from 0.949s-1 to 1.002s-1. 

 
A way of interpreting the obtained Thomson radial frequencies 

 To explain these two possibilities, one exemplifyed by the drug Cf, 
the other by the drug Uh, let’s write eq.(27’) in the form: 

 
( ) ∗∗

∗∗

∗∗
−

=−
d

ctct

D B

AA

446.0

1
1

1ωα
       (27’’) 

Further, coming back to the first equation(4), one gets: 

 
( )

A

AAAA

A
ctct

ct

1

2

//
2

1 21 ⋅
+

=  = ( )
A

AA ct
1

/2 ⋅      (38) 

and thus: 

 ( ) A
AA

A
ct

ct ⋅=
/2

1
         (38’) 

Similarly: 

 
( )

∗∗

∗∗∗∗∗∗∗∗

∗∗ ⋅
++

=
Ap

AAAA
p

A

ctpct

ct

1/........../1 1
     (39) 

and therefore: 

 ∗∗
∗∗∗∗

∗∗ ⋅







= A
AAp

A

ct

ct
/

1
        (39’) 

Of course, for ( ) ∗∗∗∗ = dW BR 446.01ω , the second eq.(4) holds too, and 

then: 
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( )

∗∗

∗∗∗∗∗∗∗

∗∗ ⋅
++

⋅=
Ap

BABA
p

B

dpd

d

1/........./1 1
     (40) 

i.e., 

0.446 ∗∗
∗∗∗∗

∗∗ ⋅







⋅= A
BAp

B

d

d
/

1
446.0  

Using eqs.(38’, 39’ and 40), eq.(27”) gets the form: 

 
( )

( )[ ]
∗∗∗∗∗∗

∗∗∗∗∗∗

∗∗





 











 





−

=−
ABAp

AAApAAA

d

ctct

D //1446.0

//1/2/1
1

1
1ωα

    (41)  

Some important conclusions come out from eqs.(27” and 41): 

A) The drug D∈ (1**) doesn’t adsorb and doesn’t influence the charge 
transfer. 

Then: 

 AA =∗∗   and  ( ) 




= ∗∗∗∗

ctct AApAA //2       (42) 

and consequently: 

 ( ) 11 =∗∗ ωα D , i.e.,  ( )[ ] 01, =∗∗ ωαω DpTh        (42’) 

which also means D∈ (1) 
 

B) The drug D∈(1**) doesn’t adsorb, but influences the charge transfer.  

 Them: 

AA =∗∗  and ( ) 




≠ ∗∗∗∗

ctct AApAA //2      (43) 

The situation: 

 ( ) ( )∗∗∗∗〈 ctct AApAA //2         (43’) 

is impossible, because would lead to the conclusion ( )1

1
1

ωα ∗∗−
D

> 0, i.e., 

( )1ωα ∗∗
D > 1 (see eq.(41)). Therefore, the correct conditions of the case B, are: 
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 AA =∗∗  and ( ) 




〉 ∗∗∗∗

ctct AApAA //2     (44) 

Suppose now that by increasing the concentration of the drug D, one 

passes from ( ) 1
1

1
1 k

D

−=− ∗∗ ωα
, to ( ) 2

1

1
1 k

D

−=− ∗∗ ωα
, and k2 >k1. Then 

( )[ ]1, ωαω ∗∗
DpTh  will increase from 1

11

1
1 ω⋅

+
−

k
 to 1

21

1
1 ω⋅

+
−

k
. Of 

course, if k2 < k1, ( )[ ]1, ωαω ∗∗
DpTh  will decrease from 1

11

1
1 ω⋅

+
−

k
 to 

1
21

1
1 ω⋅

+
−

k
. Therefore, if the conditions(44) hold true, both situations 

are possible. 

 
C) The drug D∈(1**) adsorbs and influences the charge transfer.  

Then: 

AA 〈∗∗  ; ( ) 




≠ ∗∗∗∗

ctct AApAA //2       (45) 

and: 

( ) =− ∗∗
1

1
1

ωα D

( )[ ]( )





 











 





−

∗∗∗∗

∗∗∗∗∗∗

d

ctct

BAp

AApAAAA

//1446.0

//1//2/1
    (46) 

Now, the correct conditions are: 

 AA 〈∗∗  and ( )[ ]( ) 



 





〈 ∗∗∗∗∗∗

ctct AApAAAA //1//2/1     (47) 

and again, both situations are possible. 
 

D) The drug D∈(1**) adsorbs but doesn’t influence the charge transfer. 

Because 0/ 〉∗∗AA , and ( )ctAA /2 = 




 ∗∗∗∗

ctAAp /  from eq.(46) 

results: ( ) 0
1

1
1

〉− ∗∗ ωα D

, which is impossible. Thus, the case D, is not possible. 
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This is a correct conclusion, because if there is adsorption, the 
exchange current densities of the electrode reactions must change their 
values. 
 Let’s go further, and let’s compare two different drugs, Di and Dj, 
and let’s suppose that these drugs satisfy the conditions of the case C), i.e., 

 ( )[ ]( )〈∗∗AAAA ict //2/1 [ ( )∗∗∗∗
ctiii AAp //1 ]       (48) 

  ( )[ ]( )〈∗∗AAAA jct //2/1 [ ( )∗∗∗∗
ctjjj AAp //1 ]      (48’) 

respective: 

( )1

1
1

ωα ∗∗−
iD

 = 
( ) ( )













−

∗∗∗∗

∗∗∗∗∗∗

diii

ctiiiict

BAp

AApAAAA

//1[446.0

]//1[/]/2/1[
     (49) 

( )

( ) ( )
]//1[446.0

//1/]/2/1[
1

1
1 











 





−

=−
∗∗∗∗

∗∗∗∗∗∗

∗∗
djjj

ctjjjjct

jD BAp

AApAAAA

ωα
    (49’) 

 
 Then if the second member of eq.(49) is -ki, the Thomson radial 

frequencie will be ( )][ 1, ωαω ∗∗
iDpTh  = 11

1
1 ω⋅

+
−

ik
. Similarly, if the second 

member of eq.(49’) is –kj, ( )][ 1, ωαω ∗∗
jDpTh  will be 11

1
1 ω⋅

+
−

jk
. 

Depending on the values of ki and kj, there are possible all three situations, i.e.,  

( ) ≥∗∗ ][ 1, ωαω
iDpTh ( )][ 1, ωαω ∗∗

jDpTh  

and: 

( ) 〈∗∗ ][ 1, ωαω
iDpTh ( )][ 1, ωαω ∗∗

jDpTh  

Of course, it is possible to compare a drug Di with a mixture of 
Drugs or even to compare two mixtures of drugs. To simplify the matter, we 
don’t indicate the drugs which enter in the compositions of the respective 
mixtures. In our experiments we have used four drugs Di ∈(1**), and two 

mixtures : ∗∗
1M  containing the drugs Am and Uh, and ∗∗

2M  containing all 
four drugs: B, Am, Cf and Uh (see Table 2). As for the numbers of electrode 

reactions in the multielectrodes containing the mixtures ∗∗
1M , respective 
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∗∗
2M , we shall use the notations q1, respective q2. Finally, the quantities ∗∗A , 
∗∗

dB  in the presence of the mixtures ∗∗
1M , respective ∗∗

2M , will be denoted 
∗∗A1 , ∗∗

dB1 , respective ∗∗A2 , ∗∗
dB

2
. Thus, consider first, the comparison 

between Di ∈(1**), and the mixture ∗∗
1M . Then, eq.(49) remains valid, and 

instead of eq.(49’), appears: 
 

( )

( ) ( )
]//1[446.0

//1/]/2/1[
1

1

111

1111

11 










 





−

=−
∗∗∗∗

∗∗∗∗∗∗

∗∗
d

ctct

M BAq

AAqAAAA

ωα
    (50) 

 

In the case of the comparison between Di ∈(1**) and the mixture 
∗∗

2M , eq.(49) remains still valid, and instead of eq.(50), appears: 

( )12

1
1

ωα ∗∗−
M

 = 
( ) ( )













−

∗∗∗∗

∗∗∗∗

d

ctct

BAq

AAqAAAA

222

2222

//1[446.0

]//1[/]/2/1[
    (50’) 

What it is important, is the fact that in both comparisons, there are 
possible all three situation, i.e., 

( ) 〉∗∗ ][ 1, ωαω
iDpTh ( )11, [ ωαω ∗∗

MpTh  

( ) 〈∗∗ ][ 1, ωαω
iDpTh ( )11, [ ωαω ∗∗

MpTh  

respective: 

( ) 〉∗∗ ][ 1, ωαω
iDpTh ( )12, [ ωαω ∗∗

MpTh  

( ) 〈∗∗ ][ 1, ωαω
iDpTh  ( )12, [ ωαω ∗∗

MpTh         (51) 

It is obvious that eqs.(50 and 50’) describe the comparison between 
∗∗

1M  and ∗∗
2M  with the same three possibilities, i.e.,: 

( ) ≥∗∗ ][ 11, ωαω MpTh ( )][ 12, ωαω ∗∗
MpTh  

( ) 〈∗∗ ][ 11, ωαω MpTh ( )][ 12, ωαω ∗∗
MpTh         (52) 
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CONCLUDING REMARCS 

 The mean values of the obtained Thomson radial frequencies (see 
Tables 3 and 4) are represented under the form of an histogram in Figure2. 
On the horizontal axis are the investigated drugs, and mixtures, put in the 
sequence given in Table 3 and 4, and the heights of the vertical segments 
give the mean values of the corresponding Thomson radial frequencies 

( )][ 1, ωαω ∗∗
pTh . The drugs used in two different concentrations, are indicated 

by the index numbers 1 and 2. 

Because ( ) ( )111, 1][ ωαωωαω ∗∗∗∗ −=pTh  and 10 ≤≤ ∗∗α , we 

have divided the class(I**) in four subclasses, which express the degree of 
efficiency of the investigated drugs and mixtures of drugs. Some important 
conclusions come out from this histogram: 

- all the values ( )][ 1, ωαω ∗∗
DpTh  are less than the resonance Thomson 

radial frequency ( ) ]0[ 1, =∗∗ ωαω DpTh = ω1 =1.256s-1, showing that all drugs 

and mixtures investigated belong to the class(1**); 
- the resonance Thomson radial frequency ω1 corresponds to the 

greatest efficiency of a drug(or a mixture of drugs). Therefore, the efficiency 

increases if ( )][ 1, ωαω ∗∗
DpTh  increases towards ω1. 

- it is obvious that for drugs belonging to the class(1*), ( )][ 1, ωαω ∗
DsTh  

are greater than the resonance Thomson radial frequency, which remains ω1 

too, and that their efficiency increases if ( )][ 1, ωαω ∗
DsTh  decreases towards ω1. 

It is easy to verify, by means of equation ( ) =∗ ][ 1, ωαω DsTh  ( )11 1/ ωαω ∗− D , 

that the four subclasses of the class(1*), corresponding to the values 

( )1ωα ∗
D  = 0; 0.25; 0.50; 0.75 and 1, will be given by the values ( )][ 1, ωαω ∗

DsTh = 

(1.256; 1.450; 1.776; 2.512 and ∞) s-1.  

In this way, ( )][ 1, ωαω ∗
DsTh  and ( )][ 1, ωαω ∗∗

DpTh  represent two 

criteria of classifying the drugs in eight subclasses, namely four subclasses 
for each general class, i.e., (1*), respective (1**). Indeed, suffice to estimate 
how far away are the values of the respective Thomson radial frequencies 
from ω1, i.e., from the resonance Thomson radial frequency, which expresses 
the greatest efficiency. 

- finally, the values of the Thomson radial frequencies given in figure 3 
prove the correctness of eqs.(49), (49’) and (50), (50’), by which one may 
explain the effects of adsorption processes, and of the new charge transfer 
processes (see “A way of interpreting the obtained Thomson radial frequencies”). 
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The great difference between the efficiencies of Cf1 and Cf2, indicates that 
the drug Cf has an important adsorption, while the drugs entering in the 
subclass of good efficiency: adsorb and also lead to new charge transfer 
reactions, or at least, influence the existente reactions. Our future work will 
try to analyse separately these two kinds of effects. 

 

 
 

Figure 3. Histogram of the Thomson radial frequencies corresponding  
to the investigated drugs and mixtures of drugs 
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