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A b s t r a c t 

Theore t i ca l expressions are presented w h i c h correspond to the response o f 

adsorbed mo lecu les w h i c h exhib i t a reversible or total ly i r revers ib le charge transfer i n 

Rec iproca l Der i va t i v e Chronopotent iometry w i t h constant current ( R D C ) and 

Rec iproca l Der i va t i v e Chronopotent iometry w i th exponent ia l current ( R D C E ) . 

In spite o f the fact that R D C enjoys an important role i n the e luc idat ion o f 

electrode processes, when this technique is appl ied to adsorbed mo lecu les exh ib i t ing an 

irreversible charge transfer, peaks are not observed. U n d e r these cond i t i ons R D C E turns 

out to be more suitable than R D C . Furthermore, the use o f p rog rammed currents makes 

the select ion o f an appropriate range o f transit ion t imes easier than does the use o f 

constant currents. 

Equat i ons for the peak currents and peak potentials o f the (dt/dE)/E and 

(de " "/dE )/E curves for reversible and total ly i r revers ib le process are g iven i n order to 

show the advantages o f the use o f the ( d e ^ ' / d E J / E curve when an exponent ia l current 

time funct ion i s used. 

K e y w o r d s : Rec i rp roca l der ivat ive chronopotent iometry, adsorpt ion, p rog rammed 

current, i rrevers ible processes. 

I n t r o d u c t i o n 

In the usua l Rec ip roca l Der i va t i v e Chronopotent iometry w i t h constant current 

( R D C ) [1-12], the rec iproca l der ivat ive (dt/dE) o f the E7t curve obta ined when a 

constant current / 0 is appl ied is represented versus the potent ia l . In spite o f the greater 

advantages o f this technique, a serious disadvantage is observed when this technique is 

appl ied to adsorbed redox mo lecu les exh ib i t ing an irrevers ible behav iour s ince, i n these 

condi t ions the rec iproca l der ivat ive chronopotent iograms do not present peaks. 
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The ma in a i m o f this paper is to show the advantages o f the e lec t rochemica l 

technique Rec ip roca l Der i va t i v e Chronopotent iometry w i th exponent ia l current ( R D C E ) 

[13] i n the study o f adsorbate covered electrodes and to demonstrate h o w the 

exper imenta l E/t curve obta ined when an exponentia l current o f the f o rm I(t) = IQC10' is 

app l i ed , must be transformed into the E/e°" curve in order to calculate its rec iproca l 

der ivat ive w i th respect to the funct ion e°", instead o f the var iable t. Indeed, contrar i ly 

to the (dt/dE) / E curves , the ( d e " " / d E ) / E curves a lways present peaks, whatever the 

revers ib i l i ty degree o f the process. Moreove r , the expressions corresponding to the peak 

height and the peak potent ia l are very s imp le and enable the k inet i c and thermodynamic 

parameters to be determined as w e l l as the surface excesses o f the e lectroact ive species 

o f the process analysed. 

F ina l l y , this new technique presents the same advantages as R D C over c y c l i c 

vo l tammetry , i . e., the effects o f the o h m i c drop and the capacitat ive current can become 

pract i ca l l y neg l i g ib l e s ince the sensi t iv i ty o f R D C E increases when the value o f the 

exponent ia l current app l i ed decreases and the peak i n R D C E corresponds to the centra] 

zone o f t h e E / e°" curve in w h i c h the doub le layer effects are m i n i m a l [13-15]. 

T h e o r y 

W h e n a cathodic exponent ia l t ime current o f the f o rm I(t) - l§em is app l i ed to 

a coated electrode w i t h a mo l e cu la r film o f an electroact ive coup le , the potent ia l t ime 

response is g iven by: 

- ^ = r A m - a - r B m { 1 - a ) ( i ) 
nFAk 

where 

7} = e R T (2) 

and TA(I) and r f i ( f ) ( in m o l c m " ) are the surface concentrations o f the o x i d i z e d (A ) 

and reduced (B) species, whose expressions can be easi ly deduced by taking into 

account that they fu l f i l the condi t ions [12]: 

and, 
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W+rB(o = r̂ 0 (4) 
with o be ing the in i t ia l values o f the surface concentrat ions o f the ox id i s ed species. 

F r om equations (2)and (3) we deduce, 

™ . „ , 4 L _ ( C - _ . ) ( 5 ) 

rA0 nFAaTAQ 

By') _ 

rA,Q nFAa>rA.O 
t > ' - l ) (6) 

E'° is the surface standard potent ia l , k'° is the heterogeneous rate constant o f 

the e l ec t rochemica l reaction ( s 1 ) , A is the electrode area (cm 2 ) , a and I —a are the 

charge transfer coef f ic ients of the cathodic and anodic surface react ions, respect ive ly , 

and » , F, R and T have their usual meanings. 

T h e transit ion t ime î ( t ime for w h i c h T ^ ( î ) = 0 ) can be easi ly deduced by 

mak ing zero equation (5). S o we deduce: 

nFAcdT Aft 
(7) 

or, 

r = i l n 
CO 

r nFAcoT Aft 
+ 1 (8) 

B y in t roduc ing equations (5)-(6) and (7) i n equat ion (1) we obta in the f o l l o w i n g 

expression for the E/t response, 

emif = e m - ca' - vie6" - 1) (9) 

Equa t i on (9), for the part icular case o f reversible processes ( 4 ' ° — * ™ ) is 

transformed into, 

_ mi 

and for total ly i rrevers ible ones [k'° « 1 s' 1 ) , equation (9) becomes, 

n
a = L - » < e ^ ( 1 1 ) 

Co 

Rec ip roca l Der i va t i v e Chronopotent iometry is an e lec t rochemica l technique 

wh i ch consists i n the p lo t t ing o f the rec iproca l der ivat ive w i th respect to the t ime o f the 
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potential t ime curve versus the potential (i.e., the dt/dE vs. E curve) . In most cases it 

presents a peak w h i c h depends on the kinet ics and thermodynamics parameters o f the 

electrode process [1-12]. 

The dt/dE response can be numer i ca l l y deduced f o rm equation (9) however this 

leads to an easy ana ly t i ca l express ion i n the case o f a reversible process (equation (10)) 

or an irrevers ible one (equation ( I I ) . So , f rom equations (10) and (11) we obta in: 

dt nF e m - \ 7} 

dE (ORT e°" (1 + 77)2 

dt cmF rf 

reversible process (12) 

i r revers ib le process (13) 
dE k'°RT l + (a)/k'°)ria 

F r o m equat ions (12) and (13), w h i c h correspond, respect ively, to the rec iproca l 

der ivat ive curve cor respond ing to a reversible and an irrevers ible process when an 

exponent ia l current /(/) = I^e"" is appl ied, we can calculate the peak parameters i n 

both cases, w h i c h are: 

Tab l e 1. Peak parameters for revers ib le and total ly i r revers ib le processes obtained i n 

R D C (dt/dE vs. E responses) for the app l i ca t ion o f a current o f the fo rm I(t) = !0e°". 

To ta l l y reversible process (see 
equation (12) 

To ta l l y i rrevers ible 
process (see equation 

(13) 

Peak potential DT ait I 0>T ,\II2 

E.0 + * T l n e - 0 - 1 ) 

nF ( y r - i ) " 2 - l 

N o peak is observed 

Peak height nF \ e m - \ f n + l + 2 { e £ " r - l ) " 2 . N o peak is observed Peak height 

OJRT ( e ^ - l ) 2 ' 2 

N o peak is observed 

These results are s im i l a r to those deduced i n rec iprocal der ivat ive 

chronopotent iometry when a constant current is app l i ed ( in the same condi t ions ) , again 

w i th no peak being observed i n the case o f a total ly i rrevers ible charge transfer react ion. 

These results are not desirable s ince for total ly i rrevers ible processes when the 

peak does not exist , the character isat ion o f a determined total ly i rrevers ible electrode 

process is not poss ib le w i th this technique. 
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Figure l . Theore t i ca l R D C curves (dt/dE vs . E-E' curves, see equat ions (12) and 
(13)) co r respond ing to the app l i ca t ion o f an exponent ia l current t ime funct ion 

/(0 = V ' 5 f . 0} = 15 s ' 1 , n = l , a = 0.5, I0/(nFArA 0) = 5 s"1. The values o f A ' 0 ( in s"1) 

are: a) 150, b) 15, c) 7.5, d) 1.50 and e) 0.75. 

F igure 1 shows the dt/dE vs. E curves for a charge transfer react ion w i t h 

different values o f k'° ( in s"') for the app l i ca t i on o f an exponent ia l current 
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HO =,o^15' • OJ = 15 s"' and I(Jl(nFATAr)) = 5 s" 1 . A s can be seen, the peak potential is 

shifted towards more cathodic va lues when k"° decreases. M o r e o v e r , the peak 

disappears for values o f the rate constant £ ' ° <5.0 s ' 1 , in these cond i t i ons ( i . e. the 

process behaves as total ly i rreversible ) . 

The above behav iour can be notably improved i f we take into account that the 

chronopotent iograms (E/t responses, see equations (9), (10) and (11)) show that the 

potential funct ion n (= expf ( £ — £ " ° ) 1̂) depends on t through the funct ion e°". 
{RT j 

T h i s fact suggests that i n order to obta in a s imp le r and more useful r ec iproca l der ivat ive 

response the exper imenta l E/t response shou ld first be transformed into the E/e°" 

response and then the rec iproca l der ivat ive o f this curve shou ld be determined w i th 

respect to the funct ion e°" instead o f the variable I. 

Indeed, by de te rmin ing this rec iproca l derivat ive o f equat ions (10) and (11) we 

deduce for a total ly revers ib le process, 

dem' _ n
2 F 2 AdT0 A „ 

dE RT l0 ( i + r/) 2 

whereas for a total ly i r revers ib le one we obta in, 

reversible process (14) 

de0" _ anF (œlk'°)71
a 

^+HFA—T_ I i rrevers ible process (15) 
dE RT (\ + <e)/k'°)T}a)2{ /„ 

F r o m equations (14) and (15) we obtain the f o l l ow ing express ions for the peak 

potentials and the peak heights i n the case o f reversible and irrevers ible processes: 

Tab l e II, Peak parameters for revers ib le and total ly i rrevers ible processes obtained i n 

R D C E (d i ° "/dE vs. E responses) for the appl i ca t ion o f a current o f the form 

To ta l l y reversible process 
(see equation (14) 

To ta l l y i r revers ib le process 
(see equat ion (15) 

Peak potential 
E'° 

anF co 

Peak height 
" F ( V - - 1 ) 

ART 

anF m 

4RT 
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Figure 2. Theore t i ca l R D C E curves (de°" I dE vs . E-E' curves , see equat ions (14) 
and (15)) cor respond ing to the app l i ca t i on o f an exponent ia l current t ime funct ion 

/(/) = IQC15' , a = 15 5''. Other condi t ions as in F igure 1. 
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In F igure 2 we have plot ted the de^'/dE vs. E curves for the same values o f the 

surface constant k'° than those used in F igure 1. In this case ( a = 0.5 ) the peak height 

for a revers ib le process (curve a) co inc ides w i th the surface standard potent ia l . 

These curves a lways present a peak independently o f the value o f k'°, w h i c h is shifted 

towards negative potentials as k^ decreases. The peak height decreases w i th k'0 unt i l 

reach its l i m i t va lue (g iven in Tab l e (2)) for k'° < 5.0 s' 1). 

Final comments 

A s can be seen, the use o f the de^'/dE curves instead o f the dt/dE curves i n this 

case presents the f o l l ow ing , very interest ing advantages: 

1. The peak parameters are quanti f ied i n both cases (reversible and total ly 

i rrevers ible processes), and they are g iven by very easy mathemat ica l re la t ionships f rom 

w h i c h the deduct ion o f thermodynamic (E'°) and k inet i c (k'° and a ) parameters are 

immediate . The surface excesses are also easi ly determined f rom the peak height s ince 

in both cases this height depends on ew* ( i . e., on (nFAaTAlj)l/0). 

2. U n l i k e what occurs i n R D C , the d e " " / d E response presents a peak whatever 

the degree o f revers ib i l i ty o f the process. Thus the kinet ic parameters o f an i rrevers ib le 

process can be eas i ly determined f r om expressions i n Tab l e H. 

3. The s ignals corresponding to the de°" IdE vs . E curves have been compared 

w i t h those obta ined in C V and show that the use o f R D C E technique, just l i k e the use o f 

R D C , m i n i m i z e s the effects o f the o h m i c drop and o f the charge current [3, 12, 15]. 

4. The va lue o f w can be selected, w h i c h leads to the f o l l ow ing advantages: 

a) A suitable select ion of t rans i t ion t imes i n a w ide r range than w i t h a constant 

current. 

b) A quasirrevers ib le charge transfer reaction can be treated as more revers ib le 

(by increas ing the va lue o f w) o r as total ly i rrevers ible (by decreasing the va lue o f 0)). 

5. T h e expressions o f the peak heights and the peak potentials are also s imp le r 

than those obtained when C V is used. 
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