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THE DISSOCIATION OF EDTA AND 
EDTA- SODIUM S14LTS 

In another paper the results of a study concerning the action 
of EDTA (ethylenediaiiiine tetra-acetic acid), and of the disodiunt, 
trisodium nnd tetrasodium salts of EDTA on dental enamel siir- 
faces are reported( 1 ) .  The present study w:is undertaken in order 
to get ;I foundation for the preparation of the sodium salts. In  
order to prepare the salts it is necessary to know the dissocia- 
tion constants and the dissociation curve of EDTA. 

The EDTA has four curhoxyl groups. Therefore, the dissocia- 
tion takes place in four steps, each with its own dissociation 
constant. If we designate the EDTA as Hay, as  proposed by 
Schwcrrzcnhach ( 2 ) ,  the dissociation t:ilies place according to the 
following scheme, 
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,S~.hiciccl.--rnhtrcZr i lc .ker?~crnn(; i )  give the follonitig v;rIue\ lo r  
the f o u r  tli\sociation constants: pk, = 2.0, 1jli2 = 2.6, pk.1 = O.lt i ,  
and pk, = 10.26 (Iik is the nesative 1og:irithni of the dissociation 
constant). Their deteriiiin:rtions were carried out in solution\ 
containing 0 . 1  N KCI. The concentration of H)TA xvas alioiil 
0.001 i i i o l ~ .  111 our  experitiients consider:ihly higher coticetilt a- 
tioiis were x~ anted, otherwise the exposure litiie would he Loo 

long. Ctrrini S- MtrrtcZZ(4) give the values pli:; = 6 . 3 2 0  and pkl  = 

11.014. 'I'hese are theriiiodynaiiiic constants : i d  only valid f o r  
zero ionic strength. M'hen used for solutions of finite streiiglli 
the actiyily o f  the ions iiiust be Itnown. Especially for the Ler- 
i~:ilc~nt : i t id  the qu:idrivalent ions of the trisodiuin arid tetr:tsotliui~i 
s : i l l s  respectively, the calcul:ition of the activity would be ioo 
c ( ) I i i  1) I ic ii t etl . l'h er e f ore, i t WI s decided l o  deter ni in e the s t oi c h i  o- 

tnetric constants for different concentrations. This was done 1)) 
titrating EDTA solutions of different concentrations. One tliffi- 
culty w a s  encountered when preparing the solutions. The purcl 
acid is only \lightly soluble. The solubility is about 0.00 1 tnolar.  
The solubility of the sodiuni sal ts  is considerably higher. I n  order 
to get higher concentrations the acid was dissolved in NaOH of 
differcnt concen trations. 111 inost cases :I mixture of two sodiuiii 
s a l t s  \\;is obtained, with a preponderance of either disotliuun, 
trisodiuin o r  tetrnsodiuiu salt, depending on the strength of thr 
NnOH solution. The solutions were then titrated with NaOH or  
HCI, in  some instances with both. During the titrution t h e  pH \ \ a s  
recorded, using a pH-meter froin "Radiometer", Copenhagen, 
type 22, with :I & i s s  electrode type G 200 B. The acid used w:t\ 

'I'itriplex 11 from Merck. Tn this w a y  the values of yl i : l  :inti plil 
could be determined fairly :iccurately. The value of pkz could not 
he deteriiiined directly, hut in solutions containing a inixture of 
nionosodium and tiisodiu ti1 s d t s  an approximate value for 1)1<2 

~ d d  he c:ilcul:iled by means of the Hpnderson- Htrsselbtrlcli for- 
niu I ; I ,  

[ disodiuin salt ] 

[ iiionosodiurii salt 1 
J)H = plin + 10s -___ 

No atteinpt was made to deteriiiine the first dissociation con- 
stant. Mostly saturated solutions were prepared. In soiiie cases 
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E 0 T A s a t .  solution i n  0.474 N NaOH 
30 a1 t i t r a t e d  w i t h  0.474 N NaOH 

I 
a 

NaOH m l  10 20 30 

Fig. 1. 

an  almost pure solution of only one sodium salt was obtained. 
Thus, it was possible to determine approximately the solubility 
o f  the sodiuin salts of EDTA. At the equivalence points the solu- 
tion contained almost exclusively one sodium salt. Therefore, the 
yH a t  the equivalence points corresponds to the pH of a solution 
of  one single sodiuin salt. 

RESULTS 

Fig. 1 shows a typical titration curve, curve I. In  this case 
the solution contained chiefly disodiuin salt and :i little inono- 
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Titration o f  E D T A 

Dependence o f  pk3 and pk4 on concentration 
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Fig. 2. 

sodiuin salt. It is seen that the equivalence points a re  fairly 
well recognizable. The values of pks and pkl cannot be rend 
directly f r o m  the titr:ition curve. In  curve I1 are plotted ihe 
reciproc:iI values of the buffer capacity, 

A PH 
A v 

i .e. the change in pH with each addition of NaOH divided by the 
added voluine. In  this curve the minima correspond to the \~:ilues 
of' pka and pk4. It is seen that these miniin:i are  fairly well de- 
fined. The equivalence points which correspond to the m:ixini:r 
can be determined with accuracy. 

In Fig. 2 are shown the values obtained for pli3 and pkl. It is 
seen that both yk:3 and pk4 vary proportionally with the neg:itive 
1og:irithm of the concentration. (The concentrations given :ire the 
initial concentrations corrected for the increase in voluine due  to 
addition of titration fluid). The curve that will best fit the data 
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T i t r a t i o n  o f  E D T A 

Dependence of e q u i v a l e n c e  p o i n t s  on c o n c e n t r a t i o n  

190 290 390 - l og  c 0 

Fig. 3. 

is a straight line. The* equations for the two lines have been cal- 
culated by the method of least squares, 

pk3 = 6.0 + 0.13 (- log C )  

pk4 = 8.31 + 0.98 (- log C )  

Thus, the values can either be taken directly from the diagram 
or be calculated from the equations. 

Fig. 3 shows the results for the equivalence points. Also the 
values for disodiuiii and trisodiurn salts vary proportionally with 
the negative logarithm of the concentration. The equivalence 



IIAIIALD 1’. ShNl)  4 i 4  

point of the tetrasodium salt, however, was found to he intle- 
pendent of the concentration within the range studied. 

‘l’he equations for the curves that fit the dat:i :ire, 

El)’ = 4.15 + 0.356 (-- log c)  for disodiuiii salt 
Elia = 7.15 + 0.56 (- log c )  for trisodiuiii salt 
E])4 = 11.05 for tetrasodiuni salt 

A s  :ilre:itiy mentioned, the EDTA (in the forin of the free acid) 
is little soluble. When it is dissolved in NaOH with :I large ex- 
cess of OH- ions, it is iiiimediately converted to the tetrasodiuiii 
salt, H1Y + 4NaOH --f NalY + 4HZO. When more acid is added 
after d l  the NaOH has reacted, the acid combines with the tetra 
s a l t  to f o r m  the trisodiurn salt, 

The trisodiurii  salt  is less soluble t1i:iii the tetra salt. ‘I’hcrcfoix*, 
if the NaOH is strong enough, there iiiay be foriiied inwe tri- 
sociiuni salt than the amount which can be held in solution. and 
trisodiuiii salt will be precipitated. If the NaOH solution is not 
strong enough, the concentration of trisodium salt will be too low 
for 1)recipitation to occur. On further addition of EDTA the acid 
will react to forin disodiuiii salt, 

The rlisodiuiii salt is less soluble than the trisodiuiii salt. There- 
fore, if the NaOH solution is not strong enough to make a supcr- 
saturated solution of trisodiuiii salt, further :iddition of NaOH 
1ii:iy cause precipitation of disodiuiii salt or of monosodiuiii salt, 
which is still less soluble. I n  inany of the experiinents it was, 
therefore, possible to determine the solubility of the sodium salts. 
1 he cieterniinations were carried out a t  room temperature with- 
out any attempt to control the temperature. The values must, 
therefore, only be considered approxiinate. The following values 
were found: 

For tetrasodiuni salt 1.7 molar, for trisodiuiii salt 0.60 i i io lar ,  
for  disodium salt 0.30 molar, :ind for monosodiuiii salt 0.01 2 
niolar. The results are suininarized in Table 1 .  

r ,  
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Compound Solubility 
moles/litre 

EDTA 1 0.001 
Monosodium 0.012 
Disodium 0.30') 
Trisodium ~ 0.60 
Tetrasodium 1.7 

~ 

Table 1 

pH in 
sat. sol. 

3.03 

4.5 
7.7 

11.05 

- 

- - ._ 

~ ____ . - - 

2.0') 

8.314-0 98(-1og 
11.05 

__ ~~ 

I )  The values are taken from Schmiirzenbnrh & ilrkern~ctnn ( 3 ) .  

2 )  For the solubility of disodiiim salt HZtredeZ & Knight  ( 5 )  give Ihc figure 
11.1 g/lOO ml solution at 21°C. This represents ii concentration of almost 
exactly 0.3 molar. 

DISCUSSION 

A clear picture of the dissociation of EDTA iiiay be obtained 
from Fig. 4. 

When a solution of pure EDTA is titrated with NaOH, the coiii- 
position of the solution will gradually change with the aiiiount 
of NaOH added. A t  the start there will be only pure EDTA, then 
on adding NaOH, iiionosodiuiii salt will be formed in increasing 
aiiiount until one equivalent of NaOH is added. On further addi- 
tion, NaOH reacts with the iiionosodiuiii salt to  foriii disodiuiii 
salt, NaH3Y + NaOH --f NazHzY + HeO. 

The concentration of iiionosodiuiii salt will, therefore, decrease 
while disodiuiii salt increases until two equivalents of NaOH are 
added. On further addition disodiuni salt will decrease and tri- 
sodium salt will be formed. Finally, only tetrasodium salt will be 
present. Each of the salts will thus go through a maximum, cor- 
responding to its equivalence point. Unlike the coiiibination of 
EDTA wit-h Ca- and other bivalent and polyvalent iiietals which 
are complex bound and not ionized, the sodium salts of EDTA 
are dissociated. Thus the EDTA is present a s  a n  anion. The 
charge of the anion depends on the pH of the solution. When the 
dissociation constants are known, the relative aiiiounts of the 
different forins can easily be calculated. 
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I 

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

I n  ;I strongly acid solution, up to about pH 1.0, there is mostly 
free :icid and a little nionosodiuni salt present. Therefore, if c i a  
the total aiuount of EIWA present we get, 

If we substitute and renrr:inge 

From this we can calculate the fraction of EDTA present :IS 
free acid. At a pH between 1.0 antl 2.5 both free acid, inonosotliuni 
salt and disodiuin salt will be present anti we get, 
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In the same manner the amount of di-, tri- and tetrasodiuni 
salts can be Calculated. In Fig. 4 the calculation is based on the 
following values for the dissociation constants, 

pkl = 2.0, pkr = 2.60, pk;3 == 6.15, pka = 9.0. 

As expected, the pka and pka values were found to vary with 
the concentration. Consequently, also the equivalence points of 
the salts should vary. In the equivalence points the pH of the 
solution is the same as in a solution of the pure salt. The pH 
of trisodiuni salt, for example, can be approximately calculated 
from the formula, 

pH = % (pkn + p h ) .  
For a 0.1 molar solution we get, 

(6 .13 + 9.29) = 7.71.  
Froiii the formula for the equivalence points we get, 

For :I 0.1 molar solution we then have, 

Thus, there is complete agreement. 

It was quite unexpected to find that the equivalence point of 
the tetra salt was independent of the concentration. The pH o f  
the tetrasodium solution can be approximately calculated from 
the formula, 

pH = 1/2 (pk, + plia + log c ) ,  (pk, is the negative logarithiii 
of the dissociation constant for water). Since the value of p1<4  

may vary from about 8.3 to about 11.0, one would expect that the 
pH of a tetrasodiuni solution should vary. As explained earlier 
it was found that the pk4 in a solution of a certain concentration 
can be calculated froin the forniula, 

pk4 = 8.31 + 0.98 (- log c ) .  If this value is substituted in the 

pH = yz 

Ep3 = 7.15 + 0.56 (- 10s c) .  

Eps = 7.15 + 0.56 = 7.71. 

equation for pH above we have, 
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1)H = '12 
pH = 72 
I)H = 1 1  . I 6  + 0.01 log C.  

(pk," $- 8.31 ~ 

(14 + 8.31 + 0.02 log C )  

0.98 10% c 4- log C )  

From this we see, that a change in concentr:rtion fro111 1 .O t o  
0.01 mol:ir will only change the pH by 0.02 units, which is ahout 
the error of iiieasureiiient. 

It is seen that  the agreement between the calculated value anti 
the value found in the experiments is not so good :IS was the case 
with trisodiuiii salt. This might be expected since the forniu1:i for 
the pH of the tetrasodiuiii salt is less accurate. 

Fig. 2 shows that pled varies considerably more than p l ~ .  'I'his 
uiight be expected, since the function of ions itre related to the 
ionic strength rather than to the concentration. The ionic strength 
is defined by the formula, 

24 2 ( C ]  . %I3 + ci . %2'L . . . . . . . . . . . . . . . . . . c,, . z,,*) 

Since the ionic streiigtli varies with tlie charge of  RII ion to the 
wcond power, it is clear that the ionic strength of the tetr:isotliuni 
wlution increases more with increasing concentration than doe\ 
the ionic strength of  trisodiuiii salt. 

If 'hble  1 is coiiipared with the dissociation curve, Fig. 4, it 
inay at  first sight seem surprising that  a solution o f  the free arid 
has ;I pH :IS high :IS 3.03. But it must be remenibered that :I 

\:itm-:itecl solution of EDTA has a concentration of only 0.00 1 
iiiol:~r. In the first step the acid splits off one H+ion. If the dis- 
sociation were complete, one inole of EDTA would give one niole of 
H ions. In a 0.001 ~ i i o l ~  solution of EDTA the concentr:ition 
of H ions cannot exceed 0.001 iiiolar, i.e. the pH cannot he lower 
th:iii 3.0.  It must also he reiiieiiibered that in n solution of 0.001 
1iorm:il HCl the pH is above 3 .  Thus, the lower part of  the (li+ 
sociation curve for EDTA (the free acid) can only he obtained 
hy adding :I very strong acid (for exaniple 1 . 0  N HCI) to  the 
\o I u t ion. 

I t  is also seen froiii Fig. 4 that the iiiaxiiiiuiii concentration of 
the inonosodiuiii salt is only about 47 % of tlie total aniounl o f  
EDTA in the solution. This means that it will be iiiipossible to  
prepare :I solution which contains only the ions of monosodiuin 
salt. Even i f  :I pure solution of iiionosodium salt were dissol\ ed 
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in water, it would form also H2Y ions and undissociated free 
acid. This is explained by the fact that there is very little differ- 
ence between the first dissociation constant (pkl 2.0) and the 
second one (pkz 2.60). But even the disodiuiii and the trisodiuni 
salts do not quite reach a concentration of 100 % of the total. 

Wandel f  (6)  gives the pH-values of the different sodium salts of 
EDTA. For the free acid a s  well a s  for monosodium and disodiuni 
salts he gives the value pH 4.0. The pH of a solution of inono- 
sodium salt can be calculated approximately froin the formula, 

and for disodiuni salt, 

It is seen from these equations that if the pH of the iiiono- 
sodium and the disodiuni salts should be the same, then the pkl 
and pk3 must have the same values. That  is, of course, impossible. 

Wandel f  (6)  wants to study the action of different EDTA-sodium 
salts. I3ut he makes a mistake when he adjusts all solutions to 
the same pH (6.9). Because, as seen from Fig. 4, in  doing so he 
ends u p  in all cases with a solution of practically the same coin- 
position, i.e. about 90 % trisodiurn salt and 10 % disodiuin salt. 
Thus, when he  finds a difference in the action of the different 
solutions, this must he due to a difference in the concentration 
and not to  a difference in coniposition. 

SUMMARY 

By titrating EDTA solutions of varying concentrations, inforiiia- 
tion has  ben obtained concerning the third and the fourth dis- 
sociation constant, the pH in  solutions of EDTA-disodiuni, tri- 
sodium and tetrasodiuiii salts, and the solubility of the sodium 
salt of EDTA. The following values have been found, 

l)k:< = 6.10 + 0.13 (-- log c ) ,  pk4 = 8.31 + 0.98 (-- log c). 

Disodiuiii salt pH 
Trisodiurii salt pH = 7.15 + 0.56 (- log c)  
Tetrasodiuni salt pH = 11.05, 

= 4.15 + 0.356 (--- log c) 
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:ind for the solubilities, 

EDTA 0.00 1 111 ole s/l it re 
hlonosodiuin salt 0.0 12 
1)isodium salt 0.30 
Trisodiunl s:At 0.60 
‘I’elrasodiuiii salt 1.7 

9 .  

7 ,  

3 7  

I~lSLJMl2 

L A  DISSOCIATION DE L’EDTA (ETHYLGNE DIAMINE-ACIDE TETRA- 
ACETIQUE) ET DES SEIS SODIQUES DE L’EDTA 

P a r  Ie titrage de solutions d’EDTA de diffkrenles c,oncentra- 
tions, I’nuteur :I ohtenu des renseignements sur la t r o i s i h e  et la 
qu;itrii.iiie constmte de dissociation, le pH dans les solutions ties 
sels ctisodique, trisodiyue et tktrasodique d’EDTA, et la solubiliti. 
du sel sotlique d’EDTA. Les vnleurs suivnntes ont 6 t k  t r o i d e s  : 

l)k:< = 6, I 0  + 0,13 (- 10s c ) ,  l’kl = 8,31 + 0,98 (-- 103 c ) .  

pH du sel disodique = 4,15 + 0,356 ( - log c )  
pH du sel trisodique 
1)H du sel t6trasodiyue = 11,05, 

= 7,15 + 0,56 (--- log c )  

et pour les solubilitPs: 

E1Yl.A 0,001 ~noles  1). litre 

Sel clisodique 0,30 
Sel ti-isodique 0,60 

Sel iiionosodique 0,012 9 .  

3 ,  

I, 

Sel titr:\sodique 0,7 9 ,  

ZUSAMMENFASSUNG 

DIE DlSSOZIATlON VON EDTA UND EDTA-NATRIUMSALZ 

Ilurch Titration \Ton El)TA-IAijsung verschiedener Konzeiitr:i- 
fion wurden Inforniationen erhalten uber die 3. und 4. Dissocia- 
tionskonstante, den pH-Wert des Di-Natriuui-, Tri-Natrium- untl 
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Tetra-Natriumsalzes des EDTA und ihrer Liislichkeit. Die folgen- 
den Werte wurden dabei gefunden: 

I)ks = 6.10 + 0.13 (- 10s c ) ,  plil = 8.31 + 0.98 (- log c ) .  

Di-Natriumsalz pH = 4.15 + 0.356 (-- log c) 
Tri-Natriumsalz pH = 7.15 + 0.56 (- log c) 
Tetra-Natriumsalz pH = 11.05 

und fiir die Liislichlieit: 

EDTA 0.001 mol/Liter 
Mono-Natriunisalz 0.012 
Di-Natriunisalz 0.30 
Tri-Natriumsalz 0.60 
Tetra-Natriuiiisalz 1.7 

3 ,  

,, 
9 ,  

,, 

H ES u M k; N 

LA DISOCIACI~N DEL EDTA Y DE LAS SALES SODICAS DE EDTA 

Titulando soluciones de EDTA en concentraciones variables se 
ha obtenido inforniacidn acerca de la constante de disociaci6n 
de tercero y cuarto orden, del pH en soluciones de sales de EDTA 
disbdica, tris6dica y tetrasbdica, y la solubilidad de la sal s6dica 
de EDTA. Se encontraron 10s siguientes valores: 

pky = 6.10 + 0.13 (-log c ) ,  pkr = 8.31 -+ 0.98 (- 10s c) .  

pH de la sal dis6dica = 4.15 + 0.356 (--log c )  
pH de la sal tris6dica = 7.15 + 0.56 (log c) 
pH de la sal tetras6dica = 11.05. 

Respecto de las solubilidades se obtubieron 10s siguientes re- 
sultados: 

EDTA 0.001 moles/litro 
Sal monos6dica 0.012 
” dis6dica 0.30 
” tris6dica 0.60 
” tetrasbdicn 1.7 

7 ,  

9 ,  

,, 
9 9  
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