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C A R L O S  E . B A M B E R G E R *  and J O S É B O T B O L  

C o m is io n  N a c io n a l de E nergía  A tó m ica , B u e n o s  A ir es , A rgen tin a

{R e c e iv e d  2 9  A  u g u s í  1969)

A b s tr a c t -T h e  form ation  q u otien t o f  th e B e -E D T A  c o m p lex , B eY ^ “ , w a s d eterm in ed  u sin g  ligand  
co m p etit io n  in a so lv en t ex traction  sy stem . T h e  d istr ibu tion  q u otien ts  o f  b ery lliu m  a c ety la ce to n a te  
w ere  m easu red  b y  m ean s o f  y  cou n tin g  o f  'B e  in a  sy ste m  CCI4 - H 2 O  at a co n sta n t ion ic  stren gth  o f  
O l M N a N O j  at 30°C , T h e  result obtained: lo g /8 4  =  8 - 6 8  +  0-02 w here ( 8 4  =  [B eY 2 ]/[B e^ +][Y ‘'“], 
agrees  w ith  resu h s lis ted  in th e  literature.

I N T R O D U C T I O N

I n  A P R E V ious paper the formation quotients of several B e-E D T A  com plexes 
were measured using a cationic exchange resin [l]. Tiiis method presented the 
possibility that a cationic com plex, BeH 3 Y+, could be fixed on the resin, in 
addition to Be^+. Since the amount o f cationic complex on the resin was difíicult 
to determine, the nuiperical solution was obtained by adding an adjustable para- 
meter to the equations used. In the present work we have tried to confirm the 
earlier valúes o f the formation quotients. A  solvent extraction technique which 
does not require the use o f the above mentioned parameter was employed. The 
only assumption made is that no mixed anionic com plexes were formed in the 
aqueous phase.

The system  consisted on beryllium acetylacetonate-acetylacetone (H X ), and 
ethylenediamine tetraacetic acid (H 4Y) as the competing ligand, distributed 
between CCI4 and H 2O. It was known from spectrophotometric measurements 
that the only beryllium species extracted by the organic phase is the neutral 
beryllium acetylacetonate[2 ]. -Its distribution quotient Qob, is related directly 
to the composition o f the organic phase ([HX]o-l- [BeXj]»).

The method consisted in measuring the distribution quotients o f  beryllium in 
the presence (Q 'J  and in the absence o f E D T A  (Qa) at constant ionic strength of 
NaNOg (0-1 M) and at 30°C. The distribution quotients o f beryllium in the 
absence and in the presence of E D T A , being respectively

[BeXdo 
[Be2+] +  [BeX+] +  [BeX2]

*P resen t add ress: R eactor  C h em istry  D iv is ió n , O ak R idge N a tio n a l L aboratory , P ,0 .  B ox  X , 
O a k R id g e ,T e n n . 3 7 8 3 0 .

1. C . E. B am berger and F . L agu n a ,^ . Inorg. nu cí. C h e m . 28 , 1067 (1 9 6 6 ).
2. C , E , B am berger and C . F . B a es , Jr., R e a c to r  C h e m is try  D iv is ió n  A n n . P ro g . R e p .  O R N L -3 2 6 2 ,  

p. 1 5 6 (1 9 6 2 ) .
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and

[B eX ,];
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[Be2+]' +  [BeX+]' +  [BeX^]' +  [BeY^-] +  [BeH Y"] +  [BeH^Y] +  [BeHaY+]
(Ib)

where the subscript o  indicates species in the organic phase, the absence of 
subscript indicates species in the aqueous phase, and the superscript ' indicates 
the presence o f E D T A  in the aqueous phase. Strictly, both denominators o f the 
above equations should include the addition of concentrations o f the hydrolytic 
species, but as will be seen beiow, the experimental conditions were selected  
as to malee them negligible.

The distribution measurements were performed at constant composition o f the 
organic phase, which from Ref. [3] allows us to state that

n  -  tB eX J o .. [BeX,];
Q d b  Q d b  f g g x j  [BeX^]'- 2̂)

Since the neutral species BeXa is in equilibrium with Be^+ and BeX+ in the 
aqueous phase, it can be shown that the beryllium distribution quotients,

O  [ B e X , L ___________ [ B e X j ;
[Be2+] +  [BeX+] +  [B eX 2] [Be^+]'+  [B eX +]'+  [B e X J ''

By substitution in Equation (1)

J ____ 1 _  [BeY^-] +  [BeH Y-1 +  [BeH^Y] +  [BeH,Y+1
Qá Qd [B eX ^] ;

+j33[H Y^-] +  ;82[H ,Y ^-] + g ,iH ,Y - 1  
[B eX 2];/[Be^+]'

where j8 i .........^ 4  are the formation quotients of the B e-E D T A  com plexes.
Rearranging (4) we obtain:

Z = 1 1

VQ'a Q ,\

[B eX j;  
[Be =  |84[Y^-] + |8 3 [H Y3-] + |8 .[H Y -]. (5)

Thus, measuring the distribution quotients of beryllium in the presence and in the 
absence o f E D T A  at various pH valúes allows to set up system s o f equations 
similar to Equation (5). The quotient [BeX 2iy [B e 2+]' in Equation (5) can be cal- 
culated using the following relations:

[B eX .];_  [HX]^
[Be^+]' ~  [H+]2 ^

3. C . E. B am berger, H . F . M cD u ffie  and C . F . B a es , Jr„ N u c í. S c i. E n g n g  22, 14 (1 9 6 5 ).



where

rBeX,]' [H+]^ .

[Be"+]' [HX]^  ̂  ̂

and 

[HX] =  | í í ^  (6b) 

in which 2 H X  is the total acetylacetone present and Qdx is the distribution 
quotient o f acetylacetone =  [HX](,/[HX].

E X P E R I M E N T A L

W hen se lec tin g  th e exp erim en ta l co n d it io n s . o n e  o f  th e lim iting factors w a s th e con cen tra tion  
o f  H 4 Y . w h ich  havin g  a lo w  so lu b ility  in w ater[4 ] p rov id ed  a sm all c o n cen tra tio n  o f  ligand for com - 
p etin g  w ith  th e a cety la ce to n a te  ion . T h is  led  us to  te s t sev era l con cen tra tion s  o f  a c e ty la ce to n e  in 
order to  s e le c t  o n e  w hich  w ou ld  not y ie ld  e x c e s s iv e ly  high d istribu tion  q u otien ts . T h e  e ffec t o f  the  
con cen tra tio n  o f  H X  in th e aq u eou s p h ase  on  th e  d istribution  q u otien t o f  bery llium  w as k n ow n  from  
p rev io u s m ea su rem en ts[3 ] and th is p rov id ed  th e  b a sis  for  se lec tin g  an adequ ate con cen tra tio n  o f H X .

T h e  bery llium  (lab eled  w ith  ^Be) con cen tra tio n  w as sm all, 10~® M . w ith  resp ec t to  th e H X  c o n ­
cen tration  in order to  k eep  th e organic p h ase  co m p o sitio n  co n sta n t and a lso  to  a vo id  th e form ation  
o f  bery llium  h yd ro ly tic  sp ec ie s . T h e  con cen tra tion  o f  a ce ty la ce to n e  u sed  w as 2 x  10“  ̂M in CCI4 . 
T h e  sod iu m  nitrate. th e E D T A  (e th y len ed iam in e  te tra a cetic  ac id ), th e sod iu m  h yd ro x id e . and the  
nitric acid  w ere  all R eagen t grade. W hen  E D T A  w a s p resen t, its co n cen tra tio n  w as 1-3 x  10~^ M. 
T h e  5 0  mi a liq u ots o f  ea ch  ph ase, organ ic  and a q u eo u s, w ere  sh ak en  in 2 0 0  m i g la ss  b o ttle s  prov ided  
w ith  d ou b le  stop p ers o f  p o ly e th y len e  and b ak elite . A fter  p H  adjustm ent, th e sam p les  w ere  m echani- 
ca lly  sh ak en  until th e b ery llium  d istribu tion  q u otien ts w ere  rep rod ucib le  w ith in  5 per cen t. T h e  tim e  
required w a s around 2 0 0  hr. D u rin g  th is  tim e th e pH  w as adjusted  sev era l tim es w h en  co n sid ered  
n e cessa ry . A fter  equilibrium  w a s reach ed , the y  a c tiv ity  o f  both  p h ases  w as m easu red  in a w ell 
cou n ter . D istr ib u tion  q u otien ts w ere  ca lcu la ted  as th e  ratio o f  co u n ts/m in  m i in th e organ ic  ph ase  
to  th e co u n ts/m in  mi in th e a q u eou s ph ase.

R E S U L T S  A N D  D I S C U S S I O N  

The valúes o f Qa and used were interpolated from the graphically smoothed  
curves o f experimental data (Fig. 1). The valúes o f [B eX 2]'/[Be^+]' were cal­
culated using 02 =  4-42 X  10“"* and 2dx =  3-3 determined in previous measure- 
m ents[3]. In the pH range at which the difference between and was 
significant, Qox remained constant within 1 per cent. The valué o f Qdb =  50 was 
estimated from present measurements. The concentration o f the anions o f E D T A  
was calculated using the dissociation constants measured by Baetslé and Bengsch 
[5], The valúes o f the formation quotients were calculated by least squaring 
the data shown in Table 1. The results obtained indicated that and j8i could 
not be determined. Since the concentrations o f BeHaY and BeHaY^ are relatively 
small at the pH range 5 -7 , the addition o f  their concentration by their corres- 
ponding formation quotients is a negligible contribution to the valué of Z in 
Equation (5). This is consistent with the shapes of the curves in Fig. 1. It can be 
seen that at pH valúes below 5-5 both curves com e closer to each other forming 
a single curve at pH ~  4-8, which is caused by a significant decrease in the
4. A . J. Barnard, W . C . B road and H . F la sch k a , C h e m is t  A n a ly s t  4 5 , 8 6  (1 9 5 6 ).
5. L . B a etslé  and E. B en g sch , J . C h r o m a to g . 8 , 26 5  (1 9 6 2 ).
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pH

F ig . I. D istr ib u tion  q u otien ts  o f  beryllium . in th e p resen ce  o f  1-3 x  10*^ M E D T A  (A )  
and  in th e a b sen ce  o f  E D T A  (o) a s a fu n ction  o f  pH .

T a b le  1 . D a ta  from  d istr ibu tion  m easu rem en ts  
o f  bery llium  in th e a cety la c e to n e  CCI4 - H 2 O  

sy ste m  at 30°C

Q 'i
[BeXj;'1

Q J  [B e « ]

pH Z [Y <-] X  10« [H Y ^ -] X  10“

5-5 5-7765 1-654 2-077
5-6 9-6541 2-515 2-515
5-7 21-6657 3-790 2-995
5-8 22-6052 5-680 3-581
5-9 37-5949 8-387 4-207
6 0 55-5705 12-28 4-887
6 1 83-1600 17-74 5-603
6 - 2 128-0790 25-29 6-341

concentration o f and HY®“ while the concentration and H gY- (ions
o f relatively much lower complexing ability) increases. In the pH range o f 5-5 
to 6-5 the difference between and Q'^ is máximum, making this pH range the 
most suitable for calculating 184 andySs. Increasing the pH above6-5 causes both 
curves to com e together because although the concentration o f the ions Y^~ and 
HY®“ increases with pH the dissociation o f H X  also increases with pH causing



an increase in the BeXa concentration which is a more stable complex than the 
competing B e-E D T A  complexes.

The above mentioned considerations limited the application o f this solvent 
extraction system  to the determination o f oniy two formation quotients, and 
jSs, in a narrow range o f pH.

Least squares analysis o f the data with unit weights indicated that even the 
contribution of the species BeH Y~ was negligible in the solvent extraction system  
used. The result obtained for ^4 was 8 -6 8  ± 0 -0 2  (one standard deviation) which 
alone accounts for the data within the estimated experimental error. H owever, 
the data are also consisten! with valúes forJ8 4 o f 8 - 6  andySg of4-0  which agree with 
those previously determined by ion exchange, respectively 8-4 and 3-7 [1].

The complex BeY^“ is the least stable o f the E D T A  com plexes with any 
divalent or polyvalent catión, except for Ba^+[6 ]. This accounts for the successful 
use o f E D T A  in most separation schem es o f beryllium from other ions in 
analytical chemistry.

6. L . G . S illén  and A . E. M artell, S ta b i l i ty  C o n s ta n ts  o f  M e ta l-Io n  C o m p le x e s .  T h e  C h em ica l S o c ., 
L o n d o n (1 9 6 4 ).
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