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The solvent extraction of Yb(III)  by 1-(2-pyridylazo)-2-naphthol (PAN or 
H L) in carbon tetrachloride from a q u e o u s ~ t h a n o l  phase has been investigated 
as a function of the pH × of the polar phase and the concentrations of P A N  or 
ethanol (EtOH) in the organic phase. I t  was confirmed that  the addition of 
ethanol to the aqueous phase causes an increase of the Yb(III)  distribution 
coefficient. The equation for the extraction reaction has been suggested as: 

3 +  Yb(H20)m(p ) + 3 ttL(o I + t Et OH(o) ~- Yb  Ls (EtOtI )t(o ) + 3H(~) + mH20 

where t changes from 0 to 3. 
The extraction equilibrium constant (Kez) and two-phase stabili ty constants 

( ~ )  for the Yb Ls (Et OH)a complex have been evaluated. 
The formation of solvates Yb L 3 (Et OH)t is probably the main reason of the 

synergistic effect which was observed. 

[ K eywords : Extraction; 1- ( 2- P yridylazo ) - 2- naphthol ; Rare earth complexes] 

Extraktion von Seltenerdenmetall- I onen mit 1- ( 2- Pyridilazo ) -2-naphthol ( P A N ) ,  
I I .  Extraktion von Yb(III)  aus w~iflrig-ethanolischer LSsung 

Die Extrakt ion yon Yb(III)  mittels 1-(2-Pyridilazo)-2-naphthol (PAN oder 
HL) in Kohlenstofftetrachlorid aus Wasser--Ethanol-Phase in Abh~ingigkeit 
vom pH ×der  polaren Phase sowie yon der Konzentration yon P A N  oder 
Ethanol (EtOH) in der organischen Phase wurde untersucht. Es wurde 
festgestellt, dall Zugabe yon Ethanol zur w~itlrigen Phase eine ErhShung des 
Verteilungskoeffizienten yon Yb(III)  bedingt. Folgende Gleichung der Extrak-  
tionsreaktion wird vorgeschlagen: 

Yb(H20)3.~p) + 3 HL(o) + t EtOH(o ) ~- YbL 3 (EtOH)t(o) + 3 H(~) + m H20 

wobei t Werte von 0 bis 3 annimmt. 
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Die Werte der Extraktions-Gleichgewichtskonstante (K~x), sowie der 
zweiphasigen Best/indigkeitskonstante ([3~) fiir den Komplex YbL3(EtOH)~ 
wurden berechnet. 

Die Hauptursache des festgestellten synergistisehen Effekts ist die Bildung 
der Solvate ¥b L 3 (EtOH)t. 

Introduction 

The presence of  a miscible organic componen t  in the  aqueous (polar 1) 
phase is usual ly found  to have a big effect (either enhancing or 
depressing) on the ext rac t ion  of  the ions of  m a n y  metals  2. Such an effect 
is cer ta inly valuable  in analyt ical  separations,  since it adds ~n addi t ional  
factor  affecting extract ion.  

The influence of  miscible organic componen ts  in the aqueous  phase 
on the  ex t rac t ion  of  metal  ions with amines and  o rganophosphorus  
ex t rahen ts  was invest igated e. l%elatively few papers  are devo ted  to the  
studies of  solvent  ex t rac t ion  f rom aqueous-organic  solutions by  chelate 
forming agents.  Refs. 3-6 describe only  extensive studies on Hf( IV)  
ex t rac t ion  f rom mixed media  by  various chelate agents.  

Ex t r ac t i on  of  Y b ( I I I )  and  D y ( I I I )  by  1-(2-pyr idylazo)-2-naphthol  
f rom aqueous  solutions has been discussed in an earlier paper  7. The 
present  paper  reports  the dis t r ibut ion equil ibrium da ta  for the extrac-  
t ion of  Y b ( I I I )  in t racer  concent ra t ion  wi th  ] - (2-pyr idylazo)-2-naphthol  
( P A N  or H L )  in presence of  e thanol  in the aqueous  phase. The solvent  
was carbon tetrachloride.  

Experimental 

Procedure and Reagents 

The extraction and reextraction experiments for the determination of the 
distribution coefficient (D) were carried out as described before 7. The aqueous 
phase contained a definite volume of ethanol (d = 0.7894 g/cm 3, POCh-Gliwice 
p.a.) (further this phase is called the polar phase). 

The concentration of ¥b( I I I )  in the polar phase was always 50 t~g/cm% The 
initial concentration of ethanol in the polar phase and P A N  in the organic phase 
varied from 0 to 50~ v/v and from ~ 1 • 10 -3 to ~ 5" IO-~M, respectively. 

In all investigations the pH×(pH × = - - l g [ t I  +] in water-ethanol 
solutions s) was adjusted with hexamethylenetetramine buffer 9 and the organic 
phase was back-extracted. The loll × of the polar phase was measured with an 
accuracy -4- 0.02pH × division. 

The changes of the polar and the organic phases volumes at different 
concentrations of ethanol in the polar phase were determined. 

The distribution coefficient of Yb(III) (D) w~s obtained as: 

D - [Yb](o) (])  

[Yb](p/ 
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Fig. l. Distribution coefficient (D) of Yb(III) as a function ofpH x (or pH) of the 
polar phase. 1--extraction from aqueous-solutions~; 2--from water-50~ v/v 

ethanol solution, Cvbi~ = 50 gg/cm 3, [HL](o) = 1.00-l0 -2 M 

where [Yb] o [Yb]~o are the equilibrium concentrations of Yb(III) in the • )~  

organic and the polar phases, respectively. 
Three series of measurements were performed: 
a) with fixed P A N  and alcohol concentrations, varied pH ×, 
b) with fixed pH × and alcohol concentration, varied P A N  concentration, 
c) with fixed pH × and P A N  concentration, varied alcohol concentration. 
In  series a) and c) the constant equilibrium concentration of P A N  in the 

organic phase ([HL](o)= 1.00-10-~M) was maintained. Taking int O account 
the volume changes, the balance of ytterbium in both phases (100 d- 2~o), the 
equilibrium concentrations of P A N  or ethanol and the initial concentration of 
P A N  in series a) and c) were calculated. 

In  preliminary investigations it was observed that the addition of ethanol to 
the aqueous phase causes an increase of the Yb(III) distribution coefficient (Fig. 
1). Moreover, it was confirmed that Yb(III) does not extract with pure carbon 
tetraehloride from water-ethanol phase• 

Determination of P A N  (HL) Distribution Constants (PILL) Between Carbon 
Tetrachloride and Water-Ethanol Solutions 

20 em 3 of water-ethanol phase which contains a definite volume of alcohol 
was shaken with 20 em ~ of P A N  solution in carbon tetrachloride for 3 h. The 
initial concentration of P A N  (CHLI~.) was 3.00"10-2M and the initial 
concentration of ethanol in the polar phase varied from 5 to 50~ v/v. The pH × of 
the polar phase was adjusted with perehloric acid, acetic acid, ammonium 
hydroxide, sodium hydroxide and hexamethylenetetramine buffer solutions. 
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The constant ionic strength (~ = 0.1 M) was maintained by adding sodium 
perchlorate. After shaking the solutions were centrifuged, the pH × of the polar 
phase was measured and the equilibrium concentration of P A N  in the polar 
phase ([HL](p)) was determined colorimetrically (/oH x ~ 2.0, X ---- 440 nm, 1 cm 
cell) lo. The calibration curve was used for calculation the reagent concentration 
in the polar phase. Taking into account the initial concentration of P A N  and the 
volume changes, the distribution coefficient of P A N  (DHL) was obtained as: 

CnLi~ -- [HLJ(p) 
D~L = (2) 

Results and Discussion 

Fig. 2 shows the dependence of the P A N  distribution coefficient 
(DHL) between carbon tetrachloride and water-50~o v/v ethanol phase vs. 
p H  x of the polar phase. Fig. 2 indicates tha t  the reagent distribution 
coefficient is constant  a t  the p H  x range from ~ 3.5 to ~ 8.5 and allows 
to determine the value of the distribution constant  of P A N  (PILL). 

The values of the distribution Constants of P A N  at  the other 
concentrations of ethanol in the polar phase were obtained in the same 
way.  

Fig. 3 shows the dependence of lgpH L on the ethanol concentration in 
the polar phase. The distribution constant  of P A N  between carbon 
tetrachloride and water-ethanol  phase decreases with the increase of the 
alcohol concentration in the polar phase. 

According to Yatsimirski i  and Daviden]co 11, ions of lanthanides(I I I )  
exist in aqueous-alcoholic solutions containing less than  8 0 ~ 5 ~  v/v of 
alcohol as aquo-ions (spectrophotometric data).  Abrahamer and 
Marcus ~2 have obtained the following affinity series of ligands and 
solvents for lanthanide(I I I )  ions: 

D M F  > T B P  > NO 3 ~ H20 > C2H~OH > dioxane. 

Thus, in consideration of the da ta  obtained before 7, the extract ion of 
Yb( I I I )  by  P A N  from aqueous-alcoholic medium can be generally 
expressed as: 

3+ Yb(H20)m(p ) + (3 + n)HL(o ) + t EtOH(o ) 

YbLs(HL)n(EtOH)t(o  ) + 3 H~) + m H20 (3) 

where the subscripts (p) and (o) correspond to the polar and organic 
phases, respectively; H L  ----PAN, E t O H  = C2HsOH. 

The extract ion constant  (K¢x) is given by: 

[YbL3(HL)n (EtOH)t](o) [H  +]~p) 

K ~  -- [Yb (H~0)3+]~) [HL]~o~ -~ [EtOH]t(o) (4) 
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Fig. 2. The dependence of the P A N  distribution coefficient (DHL) between 
carbon tetrachloride and water-50~ v/v ethanol phase vs. p H  x of the polar 

phase, CHLi~ = 3.00" 10-~M 
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Fig. 3. The dependence of the P A N  distribution constant (PILL) vs. ethanol 

concentration in the polar phase, CnLi~ = 3.00" 10-2M, p H  × = 6.39 

Assuming tha t  only the complex Y b L ~ ( H L ) n  (E tOH) t  is soluble in the 
organic phase, the distribution coefficient of Yb( I I I )  is given by: 

D -- [YbL3 (HL)~ (EtOH)~](o) 

[Yb]tot.(p ) (5) 

where [Yb]tot (p/is the equilibrium total  concentrat ion of Y b ( I I I )  in the 
polar phase 7. 
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Taking into account the presence in the polar phase of ions and 
molecules (OH-,  C10~-, L - ,  hexamethylenetetramine,  Et OH) which can 
form non-extractable complexes and the possibility of side reactions in 
this phase, the distribution coefficient of Yb(III)  can be expressed by the 
following equation7: 

l g D + l g  l +  ~, ~, ~ijq[OH-ji[L-JJ[X] q = 
i=l  j= l  = 

= lgK~x + 3pH × + (3 +n)lg[HL](o ) +tlg[EtOH](o ) (6) 

where 13i, [3j, ~q are the stability constants of Yb(OH)~-i,  YbL]--j and 
¥bX~ -q complexes, and X = C10~-, hexamethylenetetramine.  

When the initial and the equilibrium volumes of phases were 
introduced, the concentrations of [ L - J  (p) and [H L] (o) were calculated as 
before 7. The following equations were obtained: 

CHLin. V(o)in. [L - l+  - ] / / } (7) 

and 

CHLin V(o)in. (8) 

Vo + Viv) 1 + + 
p.L Kp I )  

where CHLiu" is the initial concentration of PAN (M), P}~L is the 
distribution constant of PAN between carbon tetrachloride and an 
aqueous-ethanol phase containing suitable concentration of alcohol, 

Ka, Kp are the acid dissociation constants of PAN in an aqueous- 
, ethanol solution containing suitable concentration of alcohol, 

V(o)in., V(p), V(o) are the initial and the equilibrium volumes of phases 
(cm3). 

The equilibrium concentration of ethanol in the organic phase 
[EtOH](o ) may be calculated from the following equation based on 
EtOIt balance: 

CEtOHin" V(°)in" (9) 
[EtOH](°) -- (~ V(p) + V(o)) 

kt-'EtOIt 

where CEtOHi~" is the initial concentration of ethanol in the polar phase 
(M) and PEtOH is the distribution constant of ethanol between carbon 
tetrachloride and water, PEtOH = 2.4" 10 -2 13 
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The values of K~ and Kp of P A N  in solutions containing variable 
concentrations of ethanol were calculated from14: 

pK~ = 14.07 -- 0.026e -- B for a = 50-75 (10) 

and 
ioKp = 1.12 + 0.0175~ -- B for a = 35-75 (11) 

where ~ is the dielectric constant of solution at  t = 20°C 1~ and 

B - x / g  for the ionic strength g = 0.14).5. l+v/  
The complexes of lanthanides with C10~- ion and hexamethylene- 

tetramine are thermodynamical ly  unstable under the investigated 
3 

conditions 16. Thus in eqn. (6) the expression ~, ]3q [L] q can be neglected. 
q = l  

I t  was shown previously 7 that  for the extraction from aqueous 
3 

solutions the expression ~ ~3i[OH-] i reflecting the hydrolysis of 
i = 1  

Yb(III)  can also be neglected. Thus, this expression can be omitted for 
the extraction of Yb(III)  from aqueous-alcoholic solutions as well. 

By the speetrophotometrie method Malinowska and Czakis- 
Sulikowska 17 showed tha t  Yb(III)  forms with P A N  in water-50~ v/v 
ethanol solution the complex of the type Y b L  2+ with the stability 
constant lg]31 = 10.03. The Y b L  2+ complex was formed at the same 
conditions (the concentration of Yb(III)  and [L-]lp), pH x ) which exist 
in the extraction process in the polar phase. 

Thus, taking together these facts, it may be accepted that  for the 
extraction of Yb(III)  with solutions of P A N  in carbon tetraehloride 
from water-ethanol solutions, at the polar phase exists the complex 
Y b L  2+ with the stability constant mentioned above. 

Based on above data  eqn. (6) can be simplified as follows: 

lg D + lg (1 + ~ [L-](@ = lg K~x + (3 + n) lg [~L](o~ + 

+ 3pH × + tlg [EtOH](o) (12) 

With predetermined P A N  and EtOH concentrations in the organic 
and the polar phases, the relationship 

lgD + lg(1 + ~1 [L-](p) = f ( p H  ×) (13) 

should give a straight line of slope 3. On the other hand, at a 
predetermined pH x of the polar phase and EtOH concentration in this 
phase, the relationship 

lgD + lg (1 + ~ [L-]~o)) = f ( l g  [HL](o)) (14) 

should yield a straight line of slope (3 + n). 
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Fig. 4. The dependence oflgD + lg (1 + ~1 [L-](v)) vs. pH × (curves 1 and 2) or 
vs. lg [HL](o/ (curve 3). 1--water-50~ v/v ethanol phase, 
[HL] o) = 1.00" 10-2M; 2--water-30~ v/v ethanol phase, 
[HL]io)=l.OO'lO-2M; 3--water-50~ v/v ethanol phase, pH × =6.34, 

Cybi~ = 50 ~tg/cm ~ 

From distribution experiments performed at  constant pH x of the 
polar phase and [H L](o) concentration in the organic phase the value of t 
can be obtained from the slope of 

lgD + lg (1 + [~1 [L-](p)) = f ( l g  [EtOH](o)) (15) 

Extraction as a Function of pH  × 

In these series of measurements the distribution coefficient of 
Yb(III)  was investigated at [HL](o) = 1.00.10 -~M,  ethanol 
concentrations in the polar phase 30 or 50~o v/v and at a p H  × range of 
5.8-6.7. 

Fig. 4 shows the dependence oflg D + lg (1 + [~1 [L- ] (p) )  vs. pH × of 

water-50~o v/v (curve l) or water-30~o v/v (curve 2) ethanol phase• The 
concentration of [L- I+)  was calculated from eqn. (7). 

In both cases three protons are lost (slopes of the obtained 
dependences are 3) and with increase of the initial concentration of 
ethanol in the polar phase the extraction curves move towards lower 
values of pH ×. 
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Extraction as a Function of P A N  Concentration 

The distribution coefficient of Yb(III)  at constant p H  × of water- 
50~o v/v ethanol phase (pH × = 6.34) and varied initial concentration of 
P A N  in the organic phase (from 1.00"10 -3 to 5 .00-10-2M) was 
measured. 

Fig. 4 (curve 3) shows the results as the dependence of 
lgD + lg(1 + ~l[L-](p)) vs. lg[HL](o ). The concentration of [L-](p) 
and [HL](o ) were calculated from eqns. (7) and (8). 

The relationship lg D + lg (1 + ~ [L-](p)) = f ( l g  [HL](o)) is straight 
line of slope 2.7. This value indicates tha t  three molecules of ligand 
part icipate in the extraction process. 

Extraction as a Function of E tOH Concentration 

The influence of EtOH concentration on the Yb(III)  extraction at 
cons t an tpH × of the water-ethanol phase (pH × = 6.31, 6.40 and 6.61) at 
constant P A N  concentration in the organic phase 
([HL](o) = 1.00.10 -2 M) and varied initial concentration of ethanol in 
the polar phase (from 5 to 50~o v/v) have been investigated. 

The stability constant values for Y b L  2+ complex in water-ethanol 
solutions depend to an inconsiderable degree on the concentration of 
alcohol up to 50~o v/v TM. Thus, for calculation of expression values 
lg D + lg (1 + 91 [ L - ]  (p)), the lg ~ 1 value stated in water-50~o v/v ethanol 
solution was accepted. 

Using the values o f p n  L (Fig. 3), Ka (eqn. 10) and Kp (eqn. l l ) ,  the 
concentration of [L-](p) was determined from eqn. (7). The 
concentration of [EtOH](o) was calculated from eqn. (9). 

Fig. 5 shows the results as the dependence of 
lgD + lg(1 + ~ [L-J(p)) vs. lg[EtOH](o ). 

From Fig. 5 it is evident tha t  in the extraction process of Yb(III)  
from water-ethanol solutions a variable number of alcohol molecules 
participate (t in e qn. 3). The number of ethanol molecules increases with 
increasing alcohol concentration in the organic phase and at the initial 
concentrations of ethanol in the polar phase above ~ 40~o v/v reaches 
the value 3 (slopes of the asymptotes drawn to the obtained curves at 
these concentrations of ethanol). 

The obtained data  show tha t  the extraction of y t terbium with 1-(2- 
pyridylazo)-2-naphthol in carbon tetrachloride from water-ethanol 
solutions may be described by an equation: 

Ks  
3+ Yb(H20)m(p ) + 3 HL(o I + t EtOH(o) 

Y b L  3 (EtOH)t(o) + 3 H(~) + m H20 (16) 

where t changes from 0 to 3. 

20 Monatshefte fiir Chemie, Vol. 115/3 
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Thus,  the increase of  the Y b ( I I I )  dis t r ibut ion coefficient at  the 
presence of  e thanol  in the aqueous  phase is p robab ly  caused by  the  
fo rmat ion  of  solvate Y b L  3 (EtOH)t  with  variable n u m b e r  of  e thanol  
molecules. 

The values of  lgKex calculated f rom eqn. (12) (in which n = 0 and 
t = 3) are given in Tab.  1. 
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Fig. 5. The dependence of l g D T l g ( 1  +~l~[L-J(p)) vs. lg[EtOH](o) at 
[HL](o) = 1.00" 10-2M and pH × = 6.61 (curve 1), pH × = 6.40 (curve 2), 

pH × = 6.31 (curve 3), Cybin" = 50 pg/cm a 

The fo rmat ion  of  solvate in the organic phase m a y  also be given as a 
two-s tep  reaction:  

K~ 
Yb 3+ + 3HL(o)~-YbL3(o)  + 3 H  + (17) 

and 
K 2 

Yb L3(o) + t EtOH(o ) ~ Yb L 3 (EtOH)t(o) (18) 

I t  is evident,  t h a t  Kex = K ~ . K  2. (19) 
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Table  1. The equilibrium constant (lgK~x) of the Y b ( I I I )  extraction (eqn. 16 in 
which t -= 3) with P A N  from water-ethanol solutions 

var iab le  

The  condi t ions  of m e a s u r e m e n t s  

cons t an t  
lg K ~  

p H  × 5 0 ~  v/v of E t O H  
[HL](o) = 1 . 0 0 - 1 0 - 2 M  -- 10.16 

5 . 8 0 4 . 7 0  3 0 ~  v/v of E t O H  --  10.11 

CHL 
1.00" 1 0 - 3 M  - 5 0 ~  v/v of E t O H  p H  × = 6.34 -- 10.17 
5.00" l0  2 M  

CEtOH p H  × = 6.31 -- 10.13 
30-50~o v/v p H  × = 6.40 [HL](o) = 1 . 0 0 - 1 0 - 2 M  - 10.11 

p H  × = 6.61 -- 10.16 

The  average  lg K~x ( _+ 0.03) -- 10.14 
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3O 
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26 

s'o io 7b 8'o ~ " 

Fig. 6. Two-phase  s t ab i l i ty  c o n s t a n t  of the  Yb L~ (EtOH)3 complex ([~3 ~) as a 
func t ion  of the  dielectric c o n s t a n t  (e) of the  polar  phase  

20* 
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The distribution coefficient of Yb(III) from aqueous-ethanol phase may 
be written as: 

t = 3  

[YbLa](o) + ~ [YbL3 (WtOH)t](o) 
D ~  t = l  

[Yb3 +](p)tot. 

K~[EtOH]t(°) ~ (20) 
= D~ (1 + 1 + ~ [L-](v)/  

where D 1 is the distribution coefficient of Yb(III) from aqueous phase 
obtained at the same conditions as D 7. 

From eqns. (19) and (20) we obtain: 

K1 - 1 (1 + 91 

Kex _ [EtOHjt(o) (21) 

where lg K1 = -- 13.307. 
The average value of lgKex obtained from eqn. (21) (for t = 3) is 

lg K~x -- -- 10.38. This is in good agreement with the one calculated from 
eqn. (12) (lgK~x--- --10.14). 

The two-phase stability constant of the complex 
YbL 3 (EtOH)3 (lg ]3~) may be calculated from the following relation: 

lg ~ = lg ( ~  "PYbL3(EtOH)3 ) = lg K~x + 3pK~ + 
+3 lgpH L + 3 lgpzto H (22) 

where [~a and PYbLa(EtOH)8 a r e  the overall formation constant in the polar 
phase and the distribution constant of the chelate complex, respectively. 

I t  is evident from eqn. (22) that  the value of the two-phase stability 
constant of complex Yb L a (Et OH)a depends on the value which change 
with the ethanol concentration in the polar (or the organic) phase (lg PIlL 
decreases and pK a increases with increasing ethanol concentration). 

The obtained values oflg ]3~ are: 27.51, 28.14, 28.53 and 29.55 for 50, 
45, 40 and 30~o v/v of the initial ethanol concentration in the polar phase, 
respectively. These values are lower than the two-phase stability 
constant of complex Yb L aT. The decrease oflg ~ values with increasing 
ethanol concentration (or with decreasing the dielectric constant of the 
polar phase) (Fig. 6) may be probably due to a decrease of the 
distribution constant of the chelate, because this one changes analo- 
gously with that  of the chelating agent 19. 
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