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ABSTRACT 

Measurements of the d i f f e r e n t i a l capacity of a Hg electrode 

i n contact with s i x aqueous solutions of urea were made 

using a computer controlled system which sampled 75 times 

during the drop l i f e . The parameters of the adsorption 

isotherm are determined under appropriate thermodynamic 

conditions. The results indicate that urea adsorbs much 

less strongly than thiourea. 

I - INTRODUCTION 

The electrochemical adsorption of urea has received considerably 

less attention than the similar compound, thiourea, i n contact with 
1 2 3 4 

the many physical chemistry studies of i t s b i o l o g i c a l influence ' ' ' . 

Parsons and Peat^ studied the electrochemical adsorption of urea from 

aqueous 1.0 M KNO^ and found that urea was adsorbed on a Hg electrode 
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to a much smaller extent than thiourea and, as a consequence, not in a 

fixed orientation for a l l values of surface charge density. The 

influence of the chemical linkage between Hg and C=SCon the 

characteristis of adsorption of thiourea was derived from the linear 

dependence of the surface excess of entropy on the amount of thiourea 

adsorbed? It would be important to study the entropy of formation of 

the interface i n the presence of thiourea and therefore a systematic 

study was carried out. Account i s here given of the experimental 

details of the computer controlled system usedto sample the capacity 

75 times i n a Hg drop, and the dependence of adsorption upon 

concentration at 298K. In a forthcoming paper the influence of 

temperature w i l l be presented and the surface excess of entropy 

derived. 

II - EXPERIMENTAL 

The large body of experimental data required for a proper 

thermodynamic analysis of i n t e r f a c i a l properties requires the use of 

automatic data acquisition systems. For an electrode with time 

dependent area, such as the DME, particular care has to be given to 

the triggering of the measuring system and to the value of the surface 

area at the moment of sampling. The system employed uses an 

interface to control time and convert the analog signals into d i g i t a l 

words. The triggering signal was derived using the fact than when a 

drop f a l l s the c e l l impedance goes to i n f i n i t y and therefore an 

appropriate pulse can be produced. 

To overcome the problem of the changing area with time the 
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assumption was made that the electrode was nearly spherical and 

therefore the t o t a l capacity and the capacity per unit area are 

related through 

c = c f j a H i 2 / 5 t 2 / 3 - CA (1) 
P 

where : m i s the mass flow rate of Hg 

p i s the density of mercury 

t i s the time 

C t i s the t o t a l capacity 

C i s the capacity per unit area 

A Q i s the non efective area, i n contact with the c a p i l l a r y t i p 

Use of eq. 1 requires measurements of the t o t a l capacity In several 

instants i n the drop l i f e , preferably towards the end to avoid the 

i n i t i a l instants when the rate of growth i s at the highest. 

The form of potential wave imposed to the electrode was of a 

staircase synchronised with the drop, i . e . , each drop experimented a 

constant potential during i t s l i f e , which diff e r e d from that of the 

previous drop by a controlled amount, the step height. Therefore at the 

beginning of the drop there w i l l be current transients which require 

some time to dye down. 

A study was then undertaken to optimize i ) the time i n the drop 

l i f e after which measurements should s t a r t , hereafter designated by DL 

(delay), i i ) the number of samples to be taken i n order to perform 

linear regression f i t over C and t (time of measurement). 

Measurement of the capacity was made using a lockin technique 
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and the r e l a t i o n 

C t = (1/w) K[V"Ct) (1 + (V'CO/V'Ct)))] 

where: V and V" are, respectively, the inphase and out of phase 

components of the ac current, and K i s a constant determined by 

appropriate c a l i b r a t i o n with a dummy c e l l , which include w, the 

frequency of the perturbating ac signes. 

In the optimization procedure, and due to constraints of the 

sampling rate of the ADC used, samples were taken every 50ms. The 

temporal programme followed i s schematically represented i n f i g . 1. 

Area 

/ 
Time 

wait new 
^drop delay 

(DL) 

sampling 
(NT) 

calcul 
of C 

Time 

wait new 
^drop 

drop time 

F I G U R E 1 - Temporal programme, synchronized with, the drop time, 
employed for the measurements of the capacity. 
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Five values of DL were tested 0,1,2,3,4 and 5 seg for three 

different number of samples 55,50 and 75. These values correspond to 

the maximum possible with the drop time used 20 seg at - 1 . S O O V ( S C E ) . 

Fig. 2 and 3 show, respectively, t y p i c a l results obtained for the 

effect of the number of measurements at two values of delay, and the 

effect of the value of delay, at a fixed number of measurements, for 

some values of electrode potential. The observed effect of the delay 

time, especially at low number of measurements, may be connected with 

the existence of current transients at the beginning of the drop l i f e 

due to the potential pulse applied, and due to the fact that the drop 

area, and therefore the components of the ac current, varies very 

rapidly with time at the beginning of the drop l i f e . 

A comparison of the values of the d i f f e r e n t i a l capacity with 

similar values i n the l i t e r a t u r e 7 indicated that, for the 

experimental conditions used, the best results were obtained for delay 

times equal or above 3 seg with 50 or more measurements, and, therefore, 

the choice was made to use as a delay of 3 seg and measure the ac 

components of the ac current 75 times during the drop l i f e . 

An important parameter that can be used to check the quality of 

the results i s the value of A Q , the non effective area of the electrode. 

According to equation 1, the value of A Q should be independent of 

DL, NT and electrode potential ( E ) , and close to the value estimated 
-4 

from the diameter of the c a p i l l a r y bore (3.14 x 10 cm). The value of 
A Q , i n table 2, were obtained by l i n e a r regression on plots of C^. vs 

2 A 

(t + DL) J where t i s the time elapsed after the delay at which the 

measurement of C was made. A t y p i c a l example of such plot i s given i n 
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FIGURE 2 - Plot of the dependence of the d i f f e r e n t i a l capacity on the 
value of the delay, DL, at different electrode potentials. 
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FIGURE 3 - Plot of the dependence of the d i f f e r e n t i a l capacity 
on the number of measurements, NT, for two values of 
the delay (1 and 3 seg). 
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f i g 4 and the excellent linear behaviour was observed at any potential 

and i n a l l solutions, and the correlation coefficients obtained by on 

li n e computer f i t t i n g were always 0 . 9 9 9 . The values of AQ o s c i l l a t e 

around the value estimated, giving a good indication that the procedure 

followed was acceptable, i n opposition to the results reported by 
Q 

Mohilner et a l , p r i n c i p a l l y because i n th e i r work they used a 

c a p i l l a r y with a very large bore. 

A home made potentiostat was employed. The c e l l was water jackted, 

water being pumped through from a thermostated bath (* 0 . 2 C); a 

saturated calomel (NaCl) reference electrode, was introduced i n a 

thermostated compartment terminated by a Luggin c a p i l l a r y . 

The solutions were prepared from recrystalized urea and NaCl with 

" M i l l i p o r e " water, the compositions of which are given i n table 1 . 

TABLE 1 : Composition,values of pzc and Y max £ o r t h e solutions of urea 

studied 

c (urea) a (urea) c (NaCl) a (NaCl) -pzc Y max 
m m M M V(sce) Nm 

0 0 1 . 0 0 0 0 . 6 5 7 0 . 5 2 1 4 2 4 . 2 

0 . 4 0 . 3 7 8 1 . 0 0 6 0 . 6 5 7 0 . 5 3 4 4 2 0 . 0 

0 . 7 0 . 6 4 8 1 . 0 0 8 0 . 6 5 7 0 . 5 5 3 4 1 8 . 6 

1 . 0 0 . 8 9 8 1 . 0 1 0 0 . 6 5 7 0 . 5 6 1 4 1 7 . 5 

2 . 0 1 . 6 8 9 1 . 0 1 9 0 . 6 5 7 0 . 5 8 8 4 1 4 . 5 

5 . 0 3 . 6 8 6 1 . 0 3 8 0 . 6 5 7 0 . 5 9 3 4 0 9 . 2 

10 .0 6 . 3 3 4 1 . 0 5 5 0 . 6 5 7 0 . 6 1 6 4 0 4 . 5 
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FIGURE 4 - Plot of the dependence of the to t a l capacity, Ct, on 
( +DL)" where +DT, i s the time in drop l i f e , for 
E = -0.200 V (SCE), DL = 3 seg and NT = 75. 
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Numerical treatment of the data 

Integration of d i f f e r e n t i a l capacity - potential and charge -

potential data was performed numerically using a cubic adjusted to 

four experimental points and moving the cubic along the i n t e r v a l of 

integration. 

D i f f e r e n t i a t i o n of Y vs In a u curves required to obtain the 

surface excesses, was performed on the smoothed data using either the 

moving cubic technique referred e a r l i e r , with the derivative taken at 

the middle point of the i n t e r v a l employed, or performed with the 

coefficients of the smoothing polimonial. The differences on the values 

of the surface excesses obtained with both procedures were very small 

and well within with the expected precision of the calculation. The 

smoothing process was carried out with a second degree polinomium after 

an analysis of the residues originated by polinomium of degrees 2,3 and 

4. 

I l l - RESULTS AND DISCUSSION 

Fig. 5 shows a set of drop time - potential curves obtained with 

a blunt c a p i l l a r y . The observed decrease i n the drop time with increase 

i n concentration of urea i n solution i s primary indication of 

adsorption of urea at the interface, almost over the entire range of 

concentrations studied. There i s no evidence of desorption of urea even 

at the most negative polarizations. By polinomial f i t t i n g , values of 

the potential of zero charge were determined and are given i n table 1 . 

— 159 — 

FIGURE 5 - Drop time - potential curves for urea solutions with the 
indicated concentrations. 



The values of Ymax obtained from the same data and using as 

cal i b r a t i o n the value of Ymax = 424.2 Nm for the base e l e c t r o l y t e , at 

298 K, are also given i n table 1. 

The experimental d i f f e r e n t i a l capacity - potential curves, for 

sVen concentrations of urea are displayed i n f i g . 6. The f i r s t aspect 

to notice i s that adsorption of urea decreases the value of the 

d i f f e r e n t i a l capacity for potentials less negative than -0.700VCSCE) 

without changing the existence of the "hump" characteristic of the base 

electrolyte 0.700V the capacity increases with increase i n the 

concentration of urea i n solution. This behaviour contrasts with that 

of a similar molecule, thiourea, which, upon adsorption, changes 

s i g n i f i c a n t l y the values and the shape of the d i f f e r e n t i a l capacity of 

the base el e c t r o l y t e . However, the study of adsorption of urea from 

KNOj solutions also indicated that the shape of the d i f f e r e n t i a l 

capacity potential curve for the base electrolyte was not s i g n i f i c a n t l y 

affected by the presence of adsorption of urea. 

Analysis of the d i f f e r e n t i a l capacity potential data was performed 

as indicated e a r l i e r using as integration constants the values i n table 

1. The values of the r e l a t i v e surface excess of urea F u, are the true 

thermodynamic quantities because d i f f e r e n t i a t i o n was performed using 

the known a c t i v i t y of urea at constant chemical potential of the base 

electrolyte. 

Fig 7 shows the dependence of r u on which i s very similar to 
4 

that reported by Parsons et at , although higher values of r u were 

obtained i n the present work, possibly due to the fact that the 

analysis was made using a c t i v i t i e s . 

FIGURE 6 - Capacity-potential curves for solutions of urea i n 
1.OM NaCl. 



FIGURE 7 - Dependence of the surface excess of urea ( u ) on the charge 
density (o). 

— 163 — 

The s h i f t i n pzc towards more negative values with increase i n 

urea concentration, not only confirms the adsorption of urea at the 

uncharged metal surface but also indicates that the orientation of the 

adsorbed molecules i s such, as to point the negative end of the dipole 

towards the electrode surface. The magnitude of the variations of pzc 

are smaller than i n the case of adsorption from n i t r a t e solutions the 

difference being possibly due to different degrees of ionic adsorption. 

Assignment of an isotherm to describe the adsorption of urea was 

carried out using the dependence of on concentration and . Best 

f i t s were obtained for a Frumkin isotherm with parameters indicated i n 

table 3. 

The v i r t u a l independence of the isotherm on the e l e c t r i c a l 

variable indicates congruence which was also noticed i n Parsons et al 

work and the small value of the interaction parameter makes the 

isotherm very close to a Langmuir isotherm proposed to describe the 

adsorption behaviour i n n i t r a t e solutions. The value of the saturation 

coverage corresponds to an area occupied by adsorbed urea molecule of 
2 

0.24nm which points to an orientation i n the adsorbed state with the 

dipole not perpendicular to the surface. The small value of the 

interaction parameter indicates the existence of small interactions 

among adsorbed urea molecules i n strong contrast with repulsive 

Caracter of the interaction among thiourea molecules. Very s i g n i f i c a n t 

i s also the difference between the values of AG^ds f° r u r e a and 

thiourea 9 , the former being almost 10°s of the l a t t e r , and t h i s fact 

r e f l e c t s the difference i n the chemical a f f i n i t y of S = C and __0 = C 

groups towards mercury, once i t i s expected that the e l e c t r o s t a t i c 

interactions of each of the molecules dipoles with the e l e c t r i c a l f i e l d 
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T A B L E 2: Values of A Q at different potentials obtained with 

D L = 3 seg and N T = 75 

- E ( S C E ) A Q * 10 4cm 2 

0.260 2.94 

0.385 2.39 

0.445 3.91 

0.665 3,57 

0.950 3.74 

1.529 3.00 

T A B L E 3: Parameters of the Frumkiii Isotherm 

-9 -2 T _ = 0.69 x 10 mol cm sat 

A = - 1 . 1 

AG0 j = -8.61 KJ mol"1 

ads 
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are s i m i l a r . The largest difference i n the behaviour of urea and 

thiourea i s indicated by the considerably small value of the 

interaction parameter i n the Frumkin isotherm and on the standard free 

energy of adsorption, with both values pointing to small interactions 

among urea molecules i n the adsorbed state and between mercury and 

urea molecules. Further reinforcement of this so different behaviour 

between urea and thiourea w i l l be shown with the effect of temperature 

i n a forthcoming paper. 

Further analysis of the structure of the adsorbed layer was 

attempted p l o t t i n g the dependence of inner layer potential drop on the 

amount of urea adsorbed i n f i g . 8. Such dependence was found to be 

linear at a l l values of the charge density, indicating that the inner 

layer p e r m i t t i v i t y i s , to a f i r s t approximation, independent of the 

amount of urea adsorbed. The slope of the lines i n f i g 8 are smaller 

than i n the case of adsorption of thiourea and decrease steadily to 

zero at c = +9 yCcm - 2 - This suggests that a maximum i n the adsorption 

of urea i s attained at that value of charge density which i s a 
-2 

proposition supported by the crossing point observed at a = +9uCcm 

of a l l a vs E curves i n f i g . 9. 

The negative signs of the slopes may be taken as evidence that 

the average orientation of the urea molecules i s with the oxygen atom 

(negative end of the dipole) pointing towards the electrode. The 

continuous decrease of the slope of the lines i n f i g . 8 may be 

understood i n terms of a compensation effect between the adsorbing 

dipole of urea and that of the replaced water molecules. Such would 

only be possible i f the component of the adsorbed molecule perpendicular 
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to the surface were comparable to that of the water molecules adsorbed. 

Variations i n the thickness of the inner layer with increase adsorption 

of urea may also contribute to the observed decrease of the slopes i n 

f i g . 8. The contribution of the water molecules to the potential drop 

across the inner layer i s of opposite signs at anodic and cathodic 

charges, adding, i n the l a t t e r case, to the contribution of urea 

dipoles, decreasing the values of the slopes i n the former case. 
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