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The specific adsorption of carbamide and it s aliphatic derivatives (L) was studied by the drop­
time method in the system Fe(CI04)3- L- HCI04- H 10 and the adsorpt ion process was e lucidated. 
From the calculated surface concentrations and adsorption isotherms. it was found tilat the ad­
, orplion of aliphatic carbamide derivatives is higher in the presence of Fe( lIl ) ions than in thcir 
ab sence under the same conditions. In the pres~ nce of Fe(IlI) iun s at the interface, frec molecules 
of carbamide derivatives and thc complexcs [Fc(l-lzO)b _ IlLIlJJ+ as well as the complexes 

[Fct H10)S _ IlLIlL"d sJ3+ and [Fe(i-IzO)s_IlLIlL"d,Jz+ formed with the adsorbed ligand are 
ad sorbed . The adsorption was fo'und to proceed according to the Frumkin's isotherm. 

SllId ies on the effect of adsorption of neutral mo l ~cu l es ano ions at e lectrodes on the stabilit y 
con ~tants of metal complexes in solution s arc st ill in an initial sta ge although severa l relevant 
papers have been published I - 8. Ell1elyanko and coworkers I fo und that of the liga nd s investigatcd, 

complexes of Cu(l) with thiocarbamide (nonionic I igand) a re most st rongly ad,o rbed. similarly as 
wa s observed in the case of mixed amino acid complexes o f Cut 11)2 Turyan and coworkers9 

found that FeZ + ion s and Fe(f[) complexes fo rmed with either free or adsorbed I iga nd molecules 

at the electrode surface ha ve a cata lytic e ff~c t on the clectrode process. In our po larographic 
in ves tigations of Fe(IJ) complexes with carbamides 10. the efr~ct of adsorption of I igands and com­
plexes on the complex formation taking place at the droppi ng merc ury e lectrode has not been 
considered. In rec~n t stud ies. we dealt with the spec ific adsorption of carbamide derivati ves and 
with the effec t of Fe(lI) on the phenom~na at the electrode- so lution interface 11

•
t2 

The present study deals with the effect of Fe(Il1) ions on the extent and course 
of specific adsorption of carbamide derivatives at the dropping mercury electrode. 
The investigations were carried out in systems Fe(CI04)3- L- HCl04-HzO, whele 
L = H1NCONH z (U), CH 3NHCONH 2 (MID), C 2 HsNHCONH 2 (EtU), CH3NH . 
. CONHCH 3 (s ym DMtU), and C 2 H sNHCONHCzHs (s)'/11 DEtU). 

EXPERIMENTAL 

Reag~nts and Solutions 

The following "Analar" grade reagents, manufactured by POCH G li wice, were used for the experi­

ments: HCI04, NaCl04. H1NCONH z, and CH 3NHCONH z. In add iti on, we used CzH s HN. 

Pa per presented on the PTCh and SITPCh Meeting. September 1981, Gdansk . 
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.CONH 2 of Lab Reagent, England, CH 3HNCONHCH 3 of Loba Chemic, Wien, and C2HSHN . 

. CONI-IC2H s of Fluka A. G. Buchs S. G., Switzerland. Solutions were prepared in 10 ml volu­
metric flask s. To a solution of HCI04 and Fe(CI04h, the required quantity ofa solution ofa Car­
bamide derivative was added and the volume was made up to the mark with water. The ba,e 
electrolyte was 0'2M-HCI04 , the concentrations of the carba mide deri va ti ves varied from 0·2 to 
1·6 mOI/dm3 and the concentration of Fe(CI04 l3 was 3·9. 10 - 4 mOI / dm 3. The ionic strength 
was maintained at 0·2. 

Methods and Apparat us 

Measurements were done on a ~quare wave OH- l05 type polarcg raph (Radelkis, Hungary) with 
a dropping mercury e lec trode. Purity of the inve~tigated sa mpl es and nitrcge n was checked polaro­
graphically on the sa me apparatus . The reference electrode was a sa turated calcmel electrode 
(S. C.E. ). separated from the measured soluti on by a sa lt bridge filled with JM-NaCl04. Tt-e now 
rate of mercury through the capillary was J·OO mg/s. On the basis of the values given by Smol­
ders'3 for the surface tension of mercury in Na2S04 solutions, the vall!e cf } = 426'21T,N / m in 
the electrocapillary maximum at 25c C was u ~ed in all calculations. Oxygen was removed fro m 
the inves tigated solutions by bubbling nitrogen, purified by passing through a specia ll y constructed 
appara tusl1

. The temperature of measurements was 25 ± O·J °e, the potential was varied at 
50 mY steps from - 50 to -950 mY. After 4 min elapsed from the potential change, the drop 
time of 10 mercury drops was measured. a nd the drop time of20 Or 30 mercury drops was measured 
nea r the electrocapilJary maximum. An average frem five measuremen ts was taken . The standa rd 
deviation was :L O· 12 mN/ m corresponding to ± O'I s (for 10 drops). 

RESULTS AND DISCUSSION 

The electrocapillary Cl!rves y = f(E) for all the carbamide derivatives studied are 
shown in Figs 1- 3. By comparillg the values of the surface tension obtained in 
systems with and without Fe(llI) (reLll) for the same concentration of the investi­
gated substances (1 mol/dm 3

) at the electrocapillary maximum, the following sequence 
is obtained for the decrease of the surface ten sion, dy, in the presence of Fe(l II) ions 
with respect to that in the'ir absence-.: 

U(3.0) < MtU(4'7) < EtU(6'25) < sym DMtU(8'O) < sym DEtU(12'25 mN (m). 
This suggests an increase in adsorption at the electlOde-electrolyte inttrface in the 
presence of Fe(llI) ions, both the derivative molecules and the complexes of the type 
[Fe(H20)6_nLIlJ3+ being adsorbed at the mercury electrode. The growing values of 
d)' are in a close relation w;th the stability constants of Fe(lII) complexes with carba­
mide derivatives , which increase in the same order1o. 

Fig. 4 shows examples of electrocapillary curves for solutions of O'2M-EtU without 
(1) and with (2) Fe(II) ions as well as with Fe(II1) ions (3). The greatest decrease 
of the electrocapillary curves is observed in the latter case. 

Jncrea si l~ g the concentration oftlle derivative in the presence of Fe(III) ions results 
in a considerable shift of the zero charge potential , e, towards negative values, 
whereas in the presence of Fe(Il) ions towards positive values 12. The adsorption of 
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carbamide derivatives themselves is assoc iated with a s light shift of £' toward s negati­

ve values t I. These changes suggest different mechanisms o f the adsorption process . 

To describe the specific adsorption process , the potential as an independen t electri­

cal variable was chosen 14 and the values of the surface concentration, T, of the ad-

430 
b 
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FIG . I 

Electrocapillary curves ), = fIE) mea sured in the sys tcm Fc(III)- L- HCl04- H 20. ()·20 M 
HCl04 ; ionic strength 0'20; 3,9. 1O - 4

M Fe(1II); 25 :J.~ a ·I °c. Q L = CO(NH 2 h. conecntratic n 
(mol j dm 3 ): 1 0; 20·2; 3 a'4; 40'6; 50·8; 6 1'0; 7 1·2; 8 1·4; b L ~~ CH 3 HN.CO.NH 2 • cone. 
(mol jdm 3 ): 10'2; 20'4; 30'6; 40' 8; 5 1'0; 6 1·2 

FIG. 2 

Eleetroeapillary curves measured in the same 
system as in Fig. I. L = C 2 H s NH.CO.NH 2 • 

cone. (mol jdm 3 ): 1 0'2; 2 0-4; 3 0'6; 4 0'8; 
51'0; 6 ],2 
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sorbed substances were calculated IS. The results are presented in the form of ad­
sorption isotherms, which illustrate the dependence of r on the volume concentration, 
c, for selected values of the electrode potential E = - 300, - 500, and - 700 mY vs 
S.C.E. (Figs 5 -7). The curves show that a full coverage was attained for sym DMtU 
and sym DEtU in the studied concentration rarge. For sym DMtU, the limiting 
relative surface excess, r OIJ ' was found to be equal to 1·143. 10 - 8 mOl jcm 2

, and for 
sym DEtU 1·061 . 10 - 8 mol /cm2 at -700 mY. 

A comparison, based on the dimensionless parameter e, of the isotherms for -',rill 

DMtU and sym DEtU with the theoretical isotherm l6
.
17 shows that the adsorption 

is governed by the Frumkin isotherm, the value of the molecular interaction coefficient 
a being equal to -2·00 for sym DMtU and -1·81 for sym DEtU at -700 mY. 
The values of the equilibrium constant for the adsorption process, log {J ' , are - 0·78 
for sym DMtU and -0·62 for sym DEtU at the same potential. Similarly, the ad­
sorption isotherms obtained for all the investigated carbamide derivatives in the 

presence of Fe(lIJ) ions allow us to conclude that the adsorption proceed s in these 
systems in accordance with the Frumkin isotherm. 

-200 

FI G . 3 

mV 
-1000 

E)mV 

I , 

-200 -1000 

Electrocapillary curves mea,ured in the same system as in Fig. I. a L = CH 3 NH.CO.NH.CH 3 • 

cone. (nd/dm3
) : 1 0; 20'2; 30'4; 40"8; 5 1'0; 6 1'2; 7 1'6: b L = C 2 Hs NH.CO.NH.C2 H s' 

cone. (mol /dm3 ): 10'2; 20'4: 30'6; 40'8; 5 1'0; 6 1'2; 7 1·4 
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T he values of the surface concentration r in systems containing Fe( lll) increase 

in the following sequence 

U < MtU < EtU < sym DMtU < SY'1l DEtU . 

The increase o f the adsorption o f carbamide deriva ti ves in the presence o f Fe( lIl ) 

ions is connected with the change of the eflect s of polar a lkyl substituent s 0:0"*) 
ca using , in the sa me sense, changes in the e lectron densit y ( ) - ) o n the oxygen ato m. 

This corresponds to changes in the dipole mo ment or carbamide and its denvatlves 

in aqueous so luti ons. The dipole mo men t o f the deri va tives increases (undeJ the sa me 

conditions) in the same se queJlce. The adsorption o f carbamide derivatives a t the 

mercury electrode depends on the charge, ()-, of the negative end of the dipole , i.e. 

the oxygen ato m in the CO group, which pro bably is directed towards the positive ly 
charged mercury surface I I. 

T he addition of Fe(lIl) ions brings about a higher increase in the adsorption of 

carbamide deriva tives than the additi on of Fe(ll) (ref. 12). This is associa ted with highe/ 

va lu es of the stability constants o f the Fe( II!) carbamide complexes as compared to 

analogo us complexes of Fe(ll) , as well as with a different course of the specific ad-

FIG. 4 
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Electrocapillary curves y = f (E) measured 
in the systems: 1 HCl04- H20; 2 L­
- HCl0 4 - H 20; 3 Fe(II)- L- H Cl04 - -

- H2 0 ; 4 Fe(IIJ)--L- HCI04 - H20. 0·20M-
HCl 0 4 , 0·20M-CzH sN H.CO.NH2 (L), 7'0 . 
. 10 - 3 M -Fe(Il), 3·9. 1O-4M - Fe(IH), 25 ± 
== (J 'J oC 
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Adsorption iso therms r =" f(c) meas ured in 
the system Fe(1II)- L- HCl 0 4 - H 2 0. 0 ·2M­
HCl 0 4 , 3'9 . 10 - 4 M-Fe(IlI), 25 :I: 0·1 °C; po­
tentia l 1'05 S.C .E. (mY): 1 - 500; 2 - 300; 
3 - 700.0 L = CO(NH 2 b b L = C H3 N H. 
.CO. N Hz 
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sorption. In the presence of Fe(JlI) ions, not on ly free molecules of carbamide 

derivatives, but a lso their comp lexes with Fe( lII) are adsorbed either direct ly or 

with the pa rticipation of the adsorbed ligand . On the other hand , the adsorption of 

the Fe(l l) complexes takes place only wi th the participation of the adsorbed ligand 12. 

T he adsorption of the Fe( llI ) complexes proceeds according to the following schemes: 

Stage I [Fe( HzO)s _ nl,i + ~ [Fe(H 20 )6 - nlnl~d~ 

[Fe(H 20)b - nlnL~d~ 
e 

[Fe(HzO)b - nlned~ Stage 2 ( ) 

[Fe(H 20 )6 - nlnl';d~ 
2e 

Stage 3 ~-2. FcHg T nl + 6 H2O 

SCHEME I 

Scheme 1 co mpri ses direct adsorpt ion of the complexes [ Fe(H20 )6-n LI1] a t the 

electrode- electro lyte interface (stage 1), which in stage 2 can be reduced to the co m­

plexes [Fe(H20)6_ nLn]2+ and in stage 3 to Feo with the liberation of the ligand mo le­

cu les. 

12 
('l 

IE 
v 

-0 
E 

o-
.... 0 

L 

20 

o 

FIG. 

-3 1'6 
cL,moldm 

('l 
I 
E 
u 
'0 
f 

Adsorption isotherms measured in the sa me 
system as in Fig. 5. L = CH 3 NH.CO.NH . 
.CH 3 , E VS S.C.E. (mV): 1 -700; 2 - 500; 
3 - 300 

FIG. 

Adsorption isotherms mea~ured in the same 
system as in Fig. 5. a L = C2HSNH.CO. 
.NH 2 , E vs S.C.E. (mV): 1 -700; 2 - 500; 
3 -300; b L = C 2 H sNH.CO.NH.C 2 Hs• 
E (mV): 1 - 700; 2 - 300; 3 - 500 
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It is ass umed in Scheme 2 that in the initia l stage of the in terface, free mo lecules o f 

the carbamide deriva tives are adsorbed (LadJ, having a ca talytic efrect o n the ad­

sorption of the complexes. [Fe(H 20)6] 3+ ions as we ll as the complexes [Fe(H 20)s' 
.L]3+ , [Fe(H 20 )4L 2]3+, etc. can participate in furtheJ complexa tio n processes 

with the ligand molecules adsorbed at the e lectrode surface, giving complexes o f the 
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type [Fe(H 2 0)sLadJJ+ , [Fe(HzO)4L(L"ds)]J+, [Fe(HzO)3LZLods]3 +, etc. The com­
plexes adsorbed at the mercury electrode can be decomposed by reduction, whereby 
a portion of the liga nd molecules remains at the electrode surface, while another 
portion is set free into the solution. The Fe(II) complexes formed by reduction (Sche­
mes I and 2) can be adsorbed at the electrode surface with the participation of the 
adsorbed ligand 1z . 

The process of specific adsorption depend s on the concentrations of the ligand 
molecules and the Fe(llI) and Fe(lI) complexes, on their stability constants, and o n 
the kinetics of the complexes formation with the adsorbed ligand . 
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