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Summary 

Pulse amplitude, frequency, drop time, concentration, buffer 

strength, ionic strength, pH and temperature effects oh the 

morphology of chlorhexidine waves have been studied. It has been 

proved that the irreversibility of the waves decreases the height 

of polarograms with respect to the theoretical polarograms which 

should correspond in a reversible process. The cathodlc and anodic 

values of the transfer coefficients are explained by means of an 

electrodlc model in which the protonation steps are alternated with 

electronic transfer steps in the reduction and reoxidatlon of four 

azomethinic groups of the adsorbed protonated chlorhexidine. 
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INTRODUCTION 

Chlorhexidine (N,4 c h l o r o p h e n i l , N'hexil iraido dicarbonimidic 

diamide) i s a bisbiguanide that acts as b a c t e r i c i d e which presents a 

hexametilen -<CH;-)>- r a d i c a l between two biguanide groups'
1 ,1

 '. 

The f l e x i b i l i t y and length of a hexametilen r a d i c a l , permit the 

molecule to f o l d and unfold with r e l a t i v e f a c i l i t y , changing i t s 

structure when the pH, temperature and composition of the medium 

in which It i s d i s s o l v e d are modified. This s t r u c t u r a l change i s 

produced on a pH next to the p h y s i o l o g i c a l pH and was detected by 

UV spectroscopy and polarography
c 15

 • *
5

. On the other hand, Kalousek 

polarography i s r e c e i v i n g a t t e n t i o n i n our laboratory as a r e l i a b l e 

tool f o r c h a r a c t e r i z i n g electrode processes, due to I t s advantages 

over other polarographic techniques i n s e n s i t i v i t y f o r r e v e r s i b l e 

process, r a p i d i t y f o r determining t h i s r e v e r s i v i l i t y and 

reoxidation of e l e c t r o a c t i v e species. The aim of t h i s work i s , 

f i r s t l y , to a p p l i c a t e the Kalousek methods to the study of 

chlorhexidine which gives i r r e v e r s i b l e process by other 

polarographic methods. 

EXPERIMENTAL 

Chlorhexidine dihydrochloride from ICI Farma S.A. was used. 

A Metrohm Polarecord E-506, with an Ag/AgCl, KCl (saturated) 

reference electrode, was used for the dc, Ki , Ka, and K« c o n t r o l l e d 
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drop time techniques. The pH measurements were c a r r i e d out by means 

of a pH-meter Radiometer PHM-62. The samples contain 8% DMF. The pH 

was c o n t r o l l e d by Britton-Robinson buffer media. 

The amplitude of Kalousek polarography was determined by the 

i n i t i a l and f i n a l voltages of the step (E«,t.«r, E,„t..„.,- + AE) . For 

methods Ki and K
;
. the pulse base voltage (E

P
i,.) was adjusted. For 

methods K B and K* the square-wave amplitude was f i x e d at 50 mV, In 

Ki and K.-), measurements were taken at the base of the pulses (anodic 

waves), while i n K^ and KA they were taken at the peaks of the 

pulses (cathodic waves). A l l other experimental conditions are 

described p r e v i o u s l y ( 7 ) . 

RESULTS AND DISCUSSION 

The chlorhexidine provides well-defined Ki anodic waves, while 

by means of K
3
 polarography only the dc component was recorded.Near 

to the neutral pH, K* cathodic waves presentes a s l i g h t depression 

i n the d i f f u s i v e zone.A cathodic peak superimposed to the dc 

component i n polarography was recorded. 

The morphology of Ki and K
2
 waves of chlorhexidine was a f f e c t e d 

by the applied pulse amplitude ( F i g . l ) . Ki waves present greater 

heights f o r base p o t e n t i a l s corresponding to the dc d i f f u s i v e zone. 

On the contrary, waves show higher current i n t e n s i t i e s for E,
:
.t. 

p o t e n t i a l s corresponding to the dc r e s i d u a l zone (Fig.2). A 

c u a l i t a t i v e r e l a t i o n between Ei /-s. and pulse amplitude could not be 

established c l e a r l y (Table I) f o r the Ki technique. For the K.-r 

technique, the peak p o t e n t i a l remains constant f o r E^k. values 
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corresponding to the d i f f u s i v e zone, becoming more negative as more 

cathodic Ept. values were applied. 

The pulse frecuency applied i n Ki and polarography af f e c t e d 

the anodic and cathodic current i n t e n s i t i e s equally, although 

t h i s influence i s l e s s e r than the one established f o r r e v e r s i b l e 

1. 380 

•1 .200 

H
l 0 . 3 1 "A 

2 0 ™
v 

processes, since slopes (Aln i i ,
p
, / A l n 

fk>are approximately 1/6 (Table I I ) . 

K/4 wave i n t e n s i t i e s are not dependent 

on fi<, since the smaller part of 

recorder belongs to the dc component. 

The drop time v a r i a t i o n , from 

0.4 to 3 s, a f f e c t s the height of Ki 

and Ka recorders of chlorhexidine 

more than dc and polarograms. 

Slopes (Aln ii,t-./Aln t) present 

values equal to 0.21 and 0.18 f o r dc 

and KA which correspond to processes 

c o n t r o l l e d by d i f f u s i o n , although 

they are s l i g h t y higher than the 

Fig.1.- Influence of the
 e x p o n e n t o f

 the drop time expressed 
applied base p o t e n t i a l on Ki 

and K
a
 waves shape of

 i n
 n k o v i c ' s equation. For K, and K-

chlorhexidine.
 1 

r e g i s t e r s , slopes equal to 0.33 and 
T = 298K; c = 4 x 10~*M; ° » r i 

P
H = 6.2; I = 0.5M; T = 0.6s; o.31 are obtained and are lower than 
m = 0.88 mg s-

1

; f., = 75 Hz. 

the ones shown i n Ruzic's 

e q u a t i o n s
0 5

" . 
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Table I.- Influence of the 

base p o t e n t i a l on half wave 

peaks of Ki waves. 

T = 298K; c = 4 x 10~*li; 

pH = 6.2; I = 0.5M; t = 0.6s; 

m = 0.88 mg s"
1

 ; fw = 75 Hz. 

Half-wave or peak 

p o t e n t i a l s are l i t t l e a f f e c t e d by 

drop time v a r i a t i o n s (Table I I I ) . 

-1 /2 
(mV) 

-1380 -1110 -1410 -1470 -1500 -1530 -1560 

-1452 -1448 -1444 -1458 -1476 -1490 -1477 

Table I I . - Influence of the 

frequency. 

T = 298K; c = 4 x 10-*K; 
pH = 6.3; I = 0.5M; t = 0.6s; 

m = 0.88 mg s"
1

; E
P t
, <Ki ) = 

=-1400 mV; E
pfc
. (K

2
> = -1200 

mV. 

Table I I I . - Drop time e f f e c t . 

T = 298K; c = 3.7 x 10~*Mj 
pH = 5.9; m = 0.88 mg s~

1

; 

I = 0.5M; fk = 75 HzjEp^iK,) 

=-1440mV; E
pt
,(Ka) = 1200 mV. 

In i| p ( u A ) = a -i b.ln r k { H Z ) 

a b r 

K1 
0 14 0.14 0,98 

h 0,58 0,16 0,99 

In l l p ( » ' A ) = a f b . l n t ( s ) 
E 1 / 2 , p ( m V > 

= a ' + b' . In t ( s ) 

a b r a ' b ' r ' 

dc 0 ,76 0,18 0,99 -1402 12,3 0,99 

K1 
0,97 0,33 0,90 -1445 5,7 0,98 • 

K 2 < W 1,46 0.25 0,99 
-1485 0,0 

K 2 ( U ) 1,34 0,31 0,99 

K 4 1.21 0,21 . 0,98 -1435 0,0 -

Ln 11,p values vary l i n e a r l y with In h
e o r

r
(
 Analogous slopes 

were obtained f o r a l l techniques, and having values s l i g h t l y higher 

than 2/3, due to the e f f e c t that the charge current produces. 

On the pH i n t e r v a l between 3.5 < pH < 8.0 dci Ka and K„. wave 

heights corresponding to c l o r h e x i d i n e , increase l i n e a r l y with i t s 

concentration, while the graphical plot of ij.(Ki) vs c(H) i s 

separated from the s t r a i g t h l i n e i n the range 1 x 10""M < C < 5 x 
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10~AK (Fig. 3).The half-wave or peak p o t e n t i a l s vary with the 

concentration. On the other hand,the influence of c on E 1 /2,P 

(UA) 

3.0 

l'.O 

Ei»zC^v) 

1 . 2 0 0 1.600 
pb 

'I .500 

I.1+1+O 

(mv) 

Fig.2.- Influence of the base 

pot e n t i a l on I T and E, of Ki 

and Ks Chlorhexidine waves. 

T = 298K; c = 4 x 10~*M; pH = 

=6.2; I = 0.5M; t = 0.6s; m = 

=0.88 mg s"
1

 ; f,.< = 75 Hz. 

values i s d i f f e r e n t 

f o r dc and ICt waves 

than for Ki and Ks> 

( Table IV ). Values 

of negative slopes 

show that the process 

i s thermodinamically 

hampered by the 

increase i n 

concentration of chlorhexidlne. 

Anodic and cathodic i n t e n s i t i e s 

recorded i n the e l e c t r o d i c process of 

chlorhexidine, i n Britton-Robinson 

buffer media and within i n t e r v a l 

3.5 < pH <8. 0 are not dependent on 

the acid concentration (Fig. 4a). 

On the contrary, half-wave or peak 

p o t e n t i a l s are s l i g h t l y a f f e c t e d by 

a c i d concentration (Fig. 4b). Slope 

values ( A E I / - 2 , p / ACacidl), for 
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cathodic waves of Chlorhexidine, can 

be seen i n table V. 

Buffer strength hardly e f f e c t s 

current i n t e n s i t i e s and p o t e n t i a l s 

c h a r a c t e r i s t i c of cathodic waves, 

showing that the second protonation 

of c l o r h e x i d i n e , 

1 . 1 0 5.10 C(M) 

Fig-3.- Chlorhexidine 
concentration e f f e c t . 

T = 298K; pH = 6.1; I = 0.5M; 

t = 0.6s; m = 0.88 mg s
_ 1

 ; 

fk= 75 Hz; Epb(Ki) = -1440 mV; 

E P n ( K 2 ) = -1200 mV. 

A ) K

2
 ( i

n a x
) ; b

>
 K

2 ( i ^ ) ; ' . 

c) Kij ; d) K i ; e) dc . 

Table IV.-Concentration e f f e c t 

T = 298K; pH = 6. 1; I = 0.5M; 

m = 0.88 mg s"
1

 ; t = 0.6s; 

f
k
 = 75 Hz;Epb(Ki) = -1440 mV. 

EpbiKa) = -1200 mV. 

= a + b . c (M) E 1 / 2 , p ( m V ) 
= a 1 + b" C (M) 

a b r a ' b ' r ' 

dc 0 ,18 4798 0,99 -1372 -96000 0,99 

K 2 ( 0,51 8900 0,99 
-1464 -55000 0,99 

K 2 ( ' m i n ' 0 ,19 7636 0,99 

K 4 0,37 7400 0,99 -1392 -104000 0,99 

previous to the reduction, does not control the rate of the 

e l e c t r o d i c process i n the i n t e r v a l 3.5 < pH < 8.0. 

Vhen the i o n i c strength of s o l u t i o n s i s modified by means of 

adding KC1 , i t i s observed that dc and Kalousek current i n t e n s i t i e s 

vary analogously, and are maintained constant within the i n t e r v a l 

0.4M<K0.7Jt (Fig. 5). This anomalous behaviour we can explained i n 

base to the removal of DMF adsorbed on dme by c h l o r i d e ions. Vhen 
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the mercury i n t e r f a c e s i s saturated of chloride ions, at I <0.8, 

decreases the o v e r a l l rate of the farada i c process because the i o n i c 

medium of the bulk s o l u t i o n decreases the d i f f u s i o n rate of the 

diprotonated chlorhexidine 

The influence of i o n i c strength on half-wave or peak 

p o t e n t i a l s has not allowed us to e s t a b l i s h a f u n c t i o n a l r e l a t i o n . 

Thus, while E i ( K i ) and E i (dc) are not t o t a l l y dependent on the 

i o n i c strength, E
R
 (K^) and E

P
 (K*) values vary s l i g h t l y with the 

i o n i c strength (Fig. 5). 

In Britton-Robinson buffer media and within the i n t e r v a l 1.8 < 

pH < 9.0, dc and Kalousek waves of clorhexidine are a f f e c t e d by the 

Table V.- Buffer strength 

e f f e c t . 

T = 298K; c = 4 x 10-*M; 
pH = 6.0; I = 0.5M; m = 0.88 

mg s-
1

 ; t = 0.6s; f
k
 = 75 Hz; 

E p b d d ) = -1560 mV; E p t , (K=) = 

=-1200 mV. 

E 1 / 2 . p ( m V ) 
• a + b | A c i d ' 1(H) 

a b r 

dc -1420 123 0 .99 

K1 
-1514 290 0.99 

h -1502 135 0.99 

h -1447 135 0 .99 

pH of the medium (Fig. 6). At a c i d or basic pH, K.-2 waves present a 

sigmoidal shape, which show that the adsorption e f f e c t i n the 

d i f f u s i v e zone has disappeared, due to the s t r u c t u r a l change that 
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i , i (yA) 
1 P 

••.0 

(a) 

1.0 

dc 
-*— 

K i 

0.02 

E1/2,E (nV) 

" I . J+25-' 

i p i p C y A ) 

4.0 

0.Q2 0 .1 ( a c i d ) M 

Fig.4.- Buffer strength e f f e c t 

on (a) i i . p and (b) E i / . a , p Of 

chlorhexidine waves. 

T = 298K; c = 4 x 10"
A

M; pH = 

=6.0; I = 0.5M; m = 0. 88 mg 

s-'; t = 0.6s; f k = 75 Hz; 

E p t > ( K , ) = -1560 mV; E p o < K » > = 

=-1200 mV. 

1.0,. 

El ̂ .pOnV) 
(b) 

-1.500 

1.420" 
dc 

0.3 0.71(H) 

0 . 3 . * " . " 0 . 7 i ( M ) 

Fig.5.- Ionic strength e f f e c t 

on (a) i i ,
P
 and (b) E i / a ,

P
. 

T = 298K; c = 4 x 10-
A

M; pH = 

=6.1; n = 0.88 mg s
-

'; t = 

=0.6s; f k = 75 Hz; E P p ( K , ) = 
=-1560 mV; E P L , (K

2
) = -1200 jnV. 
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clorhexidine undergoes when i t i s reduced at pH next to the neutral 

pH. 

In a c i d media (1.8 < pH < 2.4), l i m i t i n g i n t e n s i t y values of 

the waves decrease i n parabolic shape with the increase of pH, 

although, t h i s decrease i s more pronounced i n the zone of pH between 

1.8 < pH < 2.2 due to the superposition of the hydrogenion discharge 

present i n the medium (Fig. 7). The v a r i a t i o n of E i / 2 (Ki ) can be 

considered pH i s dependent (Table VI), which means that the 

reoxidation process of the amined product proceeding the reduction 

of the biguanide, i s not a f f e c t e d by previous protonation steps. 

To a n a l y t i c a l e f f e c t s , i t i s 

performed that 1% = within the 

i n t e r v a l 3.5 < pH < 8.0 since 

the process i s c o n t r o l l e d by 

d i f f u s i o n 

Table VI.- pH e f f e c t For dc, Ks and cathodic 

(1.8<pH<2.4) on E i • a ( K i ) . 
r e g i s t e r s , slopes (-AEi/a/ApH) of 42 

T = 298K; c = 4 x 10-*Kj 
m = 0.88 mg s

_ 1

; t = 0.6s; and 40 mV r e s p e c t i v e l y , are 

f
k
 = 75 Hz; Epit. (Ki ) = -1360 mV 

obtained. From these values 
pH E ) / 2 ( m V ) 

1.84 -1256 and the c a l c u l a t e d nde values 

2.00 -1252 
we deduce that before the 

2.15 -1240 

2.30 -1256 f i r s t e l e c t r o n t r a n s f e r 

2.37 -1250 

2.38 -1254 occurs, the hydrogen ions 

react with a molecule of 

Chlorhexidine. 

In basic medium (7,5 < pH < 
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• 1 . 3 ? : •1 .720 

In basic medium (7.5 < pH < 

9.0 ) , cathodic current 

i n t e n s i t y values, i l (dc) , i i (K
;;
>) 

and i l (Kit), decrease 

l i n e a l l y with the increase 

of pH, producing a slope 

change with respect to the pH= 

8.5 (Fig.8), probably due to 

the s o l u b i l i t y change of 

chlorhexidine at these pH. 

It i s necessary to 

emphasize that slopes (-Ai, /A pH) 

for cathodic waves, dc, and K.,, 

E(mV)' 

Fig.6.- shape of chlorhexidine
 p r e s e n t s r a a U v a l u e s w h e n H < 8 

waves at d i f f e r e n t pH. 

.
 n J 1

„ _. that i s , l i m i t i n g i n t e n s i t i e s at 
T = 298K; c = 4 x 10~*M; I =

 0 

=0.5M; m = 0.88 mg s"'; t =
 t h e s e H a r e m t l e a f f e c t e d b t h 

=0.6s; f., = 75 Hz; E
p t o

(Ki) =
 } 

=-1360 mV (a,b) 

=-1720 mV (c,d) 

=-1100 mV (a,b) 

=-1400 mV (c.d) 

E p b C K i ) 

E p f C K i » ) 

E p b C K a ) 

pH. On the contrary, at pH > 8.5 

slopes, ( A i i /ApH) are obtained for 

dc Ka and K* equal to 0.97, 1.56, and 

1.47 uA r e s p e c t i v e l y , which point 

toward a bigger dependence of 

cathodic waves on the pH (Table VII), 

since the second protonation i s the 

c o n t r o l l i n g step of the process. 

Half-wave p o t e n t i a l s become more 

negative with the increase of pH 

(Fig. 8). Slopes C-AEi/-;r/ApH) present 

9 
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.1.8 2.4 nH 

Fig.7.- pH e f f e c t on ti of 

chlorhexidine waves.. 

T = 298K; c = 4 x 10-*M; m = 

= 0.88 mg s"
1

; t = 0.6s; f
l (
 = 

=75 Hz; E p b ( K i ) = -1360 mV; 

E p b O C a ) = -1100 mV, 

cathodic waves which are 

approximately 78 mV, while f o r 

anodic waves they are superior, 

approximately 119 mV per unity of pH. 

At pH > 8.5 V, waves are barely 

perceptible due to the fa c t that at 

these pH the diprotonated biguanide 

groups p r a c t i c a l l y are not i n the 

s o l u t i o n (pK™ i = 2.35), and the 

reduction rate of the monoprotonated 

biguanide group i s c o n t r o l l e d by the 

previous protonation step. 

Wave heights are adjusted to 

Arrhenius expressions within 

temperatures of between 10*C and 50'C 

(Table VII). From a c t i v a t i o n energy 

values obtained f o r e l e c t r o d i c 

processes associated to waves, i t i s 

i n f e r r e d that e i t h e r the reduction of 

clorhexidine or the reoxidation of 

the corresponding amined product, 

are processes c o n t r o l l e d by 

d i f f u s i o n . 

E i / a ( K i ) and E ( : , <K?) p o t e n t i a l s 

are not dependent on temperature, 

while on the contrary, for dc and YL* 

waves, slope values $ A E i ,
 r
,/AE) 
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Table VII.-
 P

H e f f e c t 
(8.5<pH<9.0). 

T = 298K; c = 4 x 10""*Kj 

I = 0.5M; m = 0.88 mg s~' ; 

t = 0.6s; f
k
 = 75 Hz; E

pt
>(K, > = 

=-1720 mV; E
p l
„(K*) = -1400 mV. 

waves, slope values ( A E i • 2 . ,
:
./ûE) 

equal to 1.5 mV/'C are obtained for 

temperatures lower than 25 'C and 

remain constant for temperatures 

higher than that. 

For a l l r e g i s t e r s obtained from 

chlorhexidine s o l u t i o n s i n buffer 

11 ( M A ) • a + b . p H E 1 / 2 ( m V ) = a ' b ' . p H 

a b r a 1 b' r 1 

dc 
(pH<B,5) 

(pH>8,5) 

2,17 

10,18 

-0 ,02 

-0 ,97 

0,98 

0,99 

-906 -78 0.98 

K, -645 -119 0,98 

(pM<8.5) 

(pll>8,5) 

6,75 

16,82 

- 0 , 3 7 

-1 ,56 

0,98 

0,99 

. - 9 1 8 -79 0,98 

h 
{pll<8,5) 

(pll>8,5) 

8,21 

15,05 

0,65 

-1 ,47 

0,98 

0,98 

-803 -77 0,98 

media next to the ph y s i o l o g i c a l pH, only semilogarithmtc r e l a t i o n s 

are a p p l i e d ' '
0 - 1 1

> to those with waves having a sigraoidale shape. 

That i s , dc, K, and K;
;;
 r e g i s t e r s . In a l l tested experimental 

conditions, na,
:
 =1.4 and not,,, = 1.0 values are obtained (Table IX). 

From the monoelectronic t r a n s f e r model f o r e l e c t r o d i c s 

processes'
 1 1 3 :

' , i t i s i n f e r r e d : 

n a
a
= v { ( n - j

a
) + 1/2 + W » }

 n a

c
= v { ( j

c
- l ) + 1/2 + W 
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i n which
1

 f o r a l l tested experimental conditions: v=4 e l e c t r o a c t i v e 

groups per mole of chlorexidine and ni = 2 elect r o n s per 

el e c t r o a c t i v e group. These values show that the determining step( 

for the p o t e n t i a l wave) of the reduction processes i s the tr a n s f e r 

of the f i r s t e l e c t r o n , while i n the reoxidation process i t i s the 

tra n s f e r of the second e l e c t r o n . £ (uA) 

4.0 

1.0 
F i g . 8.- pH e f f e c t on (a) i

a 

and (b) E, of chlorhexidine 

waves. 

T = 298K; c = 4 x 10—M; I
 =

E l

/
2

^
m V

) 

= 0.5M; m = 0.88 mg s"
1

; t = _,
 s n r 

= 0.6s; f,, = 75 Hz; E
pfc)

 ( K i ) = 
=-1720 mV; EF,t. (Ka») = -1400 mV. 

"1.700 

8.0 9.0 pH 

Ruzic's expressions'
1 9

' have been applied to polarograms of 

chlorhexidine at t = 0.6 s and fK = 75 Hz values. For Ki , Ks> and Ka 

waves, no* = 1.0, noc
c
 = 1.3 y na

c
 = 1.0 values are obtained. 

Replacing these values by the o v e r a l l e l e c t r o n number, and taking 

into account the value obtained f o r ' t h e dc wave of i i ( d c ) = 1.7 pA, 

Ruzic's expressions become the following : 
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_ 6 , 7 0 8 + x 

1 (1 + x ) 
. 0 , 8 5 y A ( E p b = - 1 4 4 0 mV) 

= 6 , 7 0 8 . x  
: 2 (1 + x ) 

. 0 , 8 5 y A ( E p b = - 1 2 0 0 mV) 

= 0 , 0 7 5 . x ^ + 6 , 2 7 6 . x  
C4 (1 + X ) ( 1 + 0 , 0 7 5 x ) 

. 0 . 8 5 y A 

Table VIII.- Temperature 

e f f e c t on chlorhexidine waves. 

c = 4 x lO-^M; pH = 6.3; 
I = 0.5M; m = 0.88 mg s"

1

 ; 

t = 0.6s; f* = 75 Hz; E
pt
>(K

1
) = 

=-1320 mV; E
pt
.(K*) = -1200 mV. 

In i . (uA) 
1 ,P 

= a + b 1/T(K) q E V 2 , p 
(mV) = a ' + b ' . T ( ° C ) 

a b r ( K c a l / m o l ) a ' b' r ' 

( T < 2 5 ° C ) -1375 1.5 0,98 

dc 

( T > 2 5 ° C ) 

6,74 -1801 0,99 3,5 

-1400 0,0 

K l 4,21 -1035 0,98 2,0 -1438 0,0 -

K 2 6,28 -1417 0,99 2 .8 -1482 0,0 -
( T < 2 5 ° C ) -1395 1,5 0,98 

( T > 2 5 ° C ) 

7,23 -1809 0,99 3,5 

-1432 0,0 
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Table IX.- Transfer 

c o e f f i c i e n t s c a l c u l a t e d from 

chlorhexidine waves. 

T = 298K; c = 4 x 10-*M; 
I = 0.5K; pH = 6.2; 

m = 0.88 mg s"'; t = 0.6s; 

f
k
 = 75 H z ; E p f c , ( K , > = -1440 mV 

<b,c,d,e,); Ep
b
(Ki) = -1360 mV 

<f); E p b ( K i ) = -1720 mV (g)j 

E p b C K a ) = -1100 mV ( f ) ; 

E p b C K s ) = -1400 mV (g). 

a) 
E p b ( m V ) raa Ja 

-1410 - 1 .4 - 2 

K1 
-1470 - 1.4 - 2 

-1530 - 1.5 - 2 

t ( s ) m 
c 

raa Ja 

0.4 1.3 - 1 -
dc 1.0 

2.0 

0.4 

1 .4 

1.5 

1.0 

1 

1 

2 

K1 1.0 

2.0 

- 1.0 

1.0 -
2 

2 

c) c) 
c(H) • n ° c Jc Ja 

dc 
2 .10"" 

4 . 1 0 " 4 

1.3 

1.4 

- 1 

1 

-

K1 

2 .10"* 

4 .10"" -
0.9 

1.0 -
2 

2 

d) d) 
(Ac ldo) Jc Ja 

dc 
0.02 

0.08 

1.2 

1.4 

- 1 

1 ; 

K1 
0.02 

0.08 -
0.9 

1.0 

- 2 

2 

e) e) 
KM) 

" " c n ° a Jc Ja 

dc 
0.3 

0.7 

1.3 

1.4 

- 1 

1 

-

K1 
0.3 

0.7 

- 0.9 

1.0 

- 2 

2 

Comparing t h e o r e t i c a l polarograms 

with those obtained experimentally, 

a noticeable d i f f e r e n c e i n the 

morphology of K
:
> waves i s 

appreciated, due to the fact that 

t h e o r e t i c a l expressions do not 

include the adsorption e f f e c t of the 

reduced species on the electrode. 

Likewise, wave heights are very 

d i f f e r e n t i n K i , K.-> and K.r r e g i s t e r s 

(Fig. 9). 

CONCLUSIONS 

K i and Kz r e g i s t e r s , of va r i a b l e 

amplitude, are strongly influenced by 

the base po t e n t i a l value applied. By 

K a polarography only the dc component 

i s recorded since i t i s an 

i r r e v e r s i b l e e l e c t r o d i c process. 

K i and K a wave heigths vary 

with f , / S K , while K/i waves are not 

dependent on fk: . 

Current i n t e n s i t i e s of K i and 

Ksi waves depend on t
1 / s

 and those 

p e r t a i n i n g to of K-» waves depend on 

t
1

"
5

, which i n d i c a t e s reduction and 
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f) f) 
pH 

n « a Je Ja 

dc 
1.84 

2 .30 

1.5 

1.4 
- 1 

1 
-

K, 1.84 

2.30 . 
1.1 

1.0 
- 2 

2 

1.84 

2.30 

1.1 

1.2 

- 1 

l -

h 
1.84 

2.30 

1.1 

1.3 -
i 

1 -

g) g) 

pli 
n « c ""a Je Ja 

7.74 1.6 _ 1 _ 

de 8.39 

9.08 

7.74 

1.5 

1.0 

1.1 

1 

1 

2 

K1 8.39 

7.74 1.5 

0 .9 2 

h 8.39 

9.08 

7.74 

1.3 

0.0 

1.5 

- ! -

K 4 8 .39 

9.08 

1.1 

1.0 

-
! -

reoxidation processes c o n t r o l l e d by 

d i f f u s i o n . 

Only K:s and KA waves of 

chlorhexidine have a n a l y t i c a l 

v a l i d i t y within the i n t e r v a l 3.5 < 

pH < 8.0. 

The temperature influence on 

anodic and cathodic waves, allows us 

to e s t a b l i s h the l i n e a l r e l a t i o n 

In i . i , p vs 1/T ( K ) . From these slopes 

we obtain a c t i v a t i o n energy values, 

which point toward cathodic and 

anodic processes c o n t r o l l e d by 

d i f f u s i o n . The complexity of the 

reduction mechanism being the cause 

of . the i r r e v e r s i b i l i t y of the 

e l e c t r o d i c process involved. 

The poor influence of buffer 

strength on cathodic waves, 

in d i c a t e that the previous 

protonation step i s not the step 

that detemines the rate of the 

e l e c t r o d i c process. P a r a l l e l y , 

l i m i t i n g i n t e n s i t i e s of anodic 

r e g i s t e r s are not dependent 

of a c i d concentration, which 

ind i c a t e a reoxidation process where 



- 558 -

the hydrogehion concentration does not take part i n the k i n e t i c 

law. 

From the influence of i o n i c strength on anodic waves i t i s 

deduced that the e l e c t r o a c t i v e species, which i s oxidized, does not 

possess a s p e c i f i c charge. 

The pH e f f e c t on waves of biguanides, agrees with the 

reduction mechanism proposed f o r the monoprotonated biguanide 

group.The r e a c t i o n can take place by means of a simultaneous 

reduction of two protonated azomethinic e l e c t r o a c t i v e groups 

contained i n each diprotonated biguanide group 

Fig.9.- Theoretical reversible 

waves ( ) and experimental 
i r r e v e r s i b l e waves < > of 

Chlorhexidine. 

T = 298K; c = 3.7 x 10-*K; 
pH = 6.7; I = 0.5M; m = 0.88 

mg s"
1

 ; t = 0.6s; f k = 75 H z ; 

E p b ( K i > = -1440 mV; E p t . ( K 3 ) = 

=-1200 mV, 
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