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The partition of I-phenyl-3-methyl-4-benzoylpyrazolone-5 (HA) between aqueous solutions 
of HCI04 and NaCI04 • ionic strength 0·1. and Freon 113 or its 2: 1 mixture with benzene was 
studied . The logarithms of the HA distribution constants are 2·84 ± 0·10 and 3·39 ± 0·15 for 
the two organic phases, respectively. The extraction curves of cerium(IlI) and europium(lll) 
revealed that in dependence on the pH of the aqueous phase, the metals are transferred into 
the organic phase in the form of the MA3 complexes (M = Ce, Eu) . The stability constants 
of the complexes MAn in the aqueous phase were determined along with their distribution and 
extraction constants. For cobalt, zinc. and hafnium, a part of the extraction curves could only be 
studied, only the extraction constants were therefore determined. The sparing solubility of H A 
in Freon 113 can be circumvented by using a Freon- benzene mixture 2: I. which is still practically 
incombustible. 

I-Phenyl-3-methyl-4-benzoylpyrazolone-5 (HA) has been applied since 1959 as a very 
good extracting agent for the separation of a number of metals l

-
3

• It is part of the 
liquid organic phase, the solvent being usually a 1st class flammable material. With 
a view to lowering or complete elimination of the organic phase flammability hazard, 
we concentrated on the application of Freon 113 (CCI 2F .CCl F 2) as the solvent, and 
furthermore examined the extraction of HA with Co, Zn, Ce, Eu, and Hf, respec­
tively. 

EXPERIMENTAL 

Chemicals and Apparatus 

The preparation and purification of I-phenyl-3-methyl-4-benzoylpyrazolone-5 has been de­
scribed4 . As the organic phase served solutions of HA in Freon-benzene mixture 2: 1 (initial 
reagent concentration in this mixture was 3 . 10 - 2 moll- 1 in all cases) and solutions of HA 
in pure Freon (initial HA concentrations 1 . 10 - 2 to 5 . 10 - 4 moll-I). Freon 113 (Du Pont) 
was redistilled prior to use. Benzene (Lachema) was reagent grade purity. The pH of the aqueous 
phase was adjusted with HCI04 , NaCI04 , and NaOH solutions, maintaining constant ionic 
strength of 0·1 (except for Hf). 

Present address: Institution of the North-Moravia Regional National Committee, POB 40, 
744 11 Frenstat pod Radhostem. 
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The radioactive indicators used were converted to perchlorates; their initial concentrations 
(moll -I ) and activities (S-l) were as follows : 152+154Eu 6'1.10- 1°,2'53 . 103; 144Ce 3·1 . 
. 10- 11 ,2'99.103 , 175+ 181 Hf 7'0.10- 1°,5 '80.103 ; 60Co 9'2.10- 1°, 1'16.104; 65 Zn 2·9 . 
. 10- 11 ,2'81.103 , 

The gamma activity of the samples was measured with a sc intillation detector using a well-type 
NaI(TI) crystal 45 x 50 mm. The counting rate was recorded by means of a laboratory measure­
ment kit Tesla NZQ 714 T. 

The pH values of the samples after the extraction were measured by using a pH-meter Radelkis 
(Hungary) equipped with glass and calomel electrodes. The calibration was made using commer­
cial buffers . The photometric measurements of the equilibrium concentrations of HA were 
carried out on an instrument Spektromom 201 (MOM, Hungary) at the wavelength 385 nm. 

Working Procedure 

Equal volumes of the aqueous and organic phases (10 ml) were agitated on a rotary shaking 
machine in glass test tubes fitted with polyethylene stoppers in a thermostat at the temperature 
20 ± 1°C. The shaking duration was established empirically based on tentative experiments; 
it was 8 h for Eu, Co, and Zn, 4 h for Hf, and 24 h for Ceo After the extraction and phase separa­
tion (after the establishing of the radioactive equilibrium in the case of Ce), 2 ml of each phase 
were placed in glass ampoules and their activity was measured. The relative standard deviation 
of all measurements did not exceed 2%. The pH was measured in the remaining aqueous phase. 

The reagent distribution ratios KD(HA) = [HAlorg/[HA] were determined by extraction, 
similarly as in the works 5 ,6; the square brackets denote equilibrium concentrations, the subscript 
org refers to the components in the organic phase, without subscript are those in the aqueous 
phase. 

RESULTS AND DISCUSSION 

Determination of the HA Distribution Constant 

For both systems - aqueous phase, ionic strength 0'1, and either pure Freon or 
Freon-benzene mixture 2: 1 - extractions were accomplished at five different 
pH values within the region of pH 4·5 -7,0. The equilibrium HA concentration 
in the organic phase was determined photometrically by comparing the observed 
absorbances with the calibration curves. In the region of lower pH values of the 
aqueous phase, where DHA was greater than 100, the equilibrium concentration of HA 
in the aqueous phase was determined indirectly, by reextraction from a preselected 
volume of the aqueous phase into the pure solvent and determining the absorbance 
of the latter. The logarithms of the reagent distribution ratio DHA were plotted against 
the pH, and taking pKHA = 4·08 (ref. S

) the distribution constants of the reagent, "" 
KD(HA), were determined from the plot to be 2·84 ± 0·10 for Freon as the solvent 
and 3·39 ± 0·15 for the Freon-benzene 2: 1 mixture. It is apparent from these 
values that the reagent is better soluble in benzene than in Freon. The sparing solubil­
ity of the reagent in Freon can be circumvented by using a Freon-benzene mixture , 
and the ratio 2 : 1 still ensures practically incombustibility of the mixture. 
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FIG. 1 

Partition of Europium Between HA Solu­
tions in Freon or Freon-Benzene Mixture 
2: 1 and O'IM-NaCI04-HCI04 or NaOH 

cHA (moll-I): Freon: 55.10- 4 , 4 1. 
. 10- 3 , 3 5 . 10- 3 , 2 1.10- 2 ; Freon-ben­
zene: 1 3 . 10 - 2 • 
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pA 

FIG. 3 

Dependence of log D on pA for Europium 
cHA and solvent used as in Fig. I. 
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FIG. 2 

Partition of Cerium(lll) Between HA Solu­
tions in Freon or Freon- Benzene Mixture 
2: 1 and O'lM-NaCl04- HCI04 or NaOH 

cHA and solvent used as in Fig. I . 

10gOc. 

-3 

pA 

FIG. 4 

Dependence of log D on pA for Cerium 
cHA and solvent used as in Fig. I. 
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Partition of Europium(III) and Cerium(III) 

The extraction curves of the europium distribution ratio versus the pH for various 
initial concentrations of HA in the organic phase (Fig. 1) afforded approximately 
the same distribution ratios corresponding to the upper parts of the curves. The 
slopes of the ascending parts of the curves equal three. The dependences pertaining 
to cerium were alike (Fig. 2). On conversion of the pH values top A (pA = -log [A -J, 

TABLE I 

Stability, Extract ion, and Distribution Constants of the MAn Complexes 
Ionic strength 0 ' 1, temperature 20°C; organic phase A Freon, B Freon-benzene mixture 2 : " 

C benzene (or toluene, if indicated)I .2. 

Metal 
A B C 

Eu(lII) 1·9 2·0 3' 15" 

Ce(lll) 0·9 0·9 2'80" 
Co(U) J -42 
Zn(I1) 3·57 
Hf(IV) 

" Toluene; b ionic strength 2·0. 

A B C 

- 4'84 

- 4,85 

- 9'35 
- 8·83 

J3-06b 

- 5,21 - 3,96 4·7 9-4 14·' 
- 4'87a 

- 4,98 - 2'28" 4·8 9·8 15·0 
- 8,67 - 7'38 
-8'31 - 5,35 

1O'll b 13 ' 1 b 

FIG. 5 

Partition of Cobalt(Il), Zinc(Il), and Haf­
nium(IV) Between HA Solution in Freon 
or Freon- Benzene Mixture 2: 1 and O' lM 
NaCI04-HCI0 4 or NaOH (exept for Hf, see 
text) 

cHA (moll-I): Freon: 1, 2, 6 1.10- 2, 
75 .10- 3, 81 . 10- 3 , 95.10- 4 ; Freon-ben­
zene: 3,4, S 3.10- 2; 1,3 cobalt, 2, 4 zinc, 
S to 9 hafnium. 
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where [A -] is the equilibrium concentration of the species A - in the aqueous phase -

see, e.g., ref. 5) and plotting the dependence of log DEu,ce versus pA (Figs 3, 4) it can be 
statedthatthecomplexesMA2 +,MA;,MA3 (M = Eu, Ce)are formed consecutively 
in the aqueous phase, the last one being extracted into the organic phase. Further­
more , the corresponding stability constants f3n of the MAn complexes in the aqueous 
phase were calculated from Figs 3 and 4 by mea ns of the Dyrssen- Sillen method 7 

and the distribution constants Ko(MA3) of the MA3 complexes were determined 
as given in Table 1. The extraction constants Kcx = (MA3)org[H +] 3J [M 3+ ] [HA ]~rg 
correspond then to the extraction of the above complexes, expressed by the scheme 
M3 + 3 (HA )org +± (M A3 )org + 3 H + . Their values were calculated from the left , ascen­
ding part of the extraction curves, and are also given in Table J. A comparison of our 
results with the published data 2.3 pertaining to the extraction of the aforesaid metals 
into benzene or toluene shows that the extraction constants with Freon as the organic 
phase are at least one order of magnitude lower in all cases except hafnium . The 
stability constants of the complexes EuA n in the aqueous phase are virtually identical 
with those reported in ref. s, for the CeAn complexes our data differ from those 
reported by Efimov and coworkers9 by at most two orders of magnitude, which can 
be looked upon as a satisfactory agreement, in view of the calculation method ap­
plied 7

• 

Partition of Cobalt(II), Zinc(II), and Hafnium(lV) 

The curves of the dependence of the zinc and cobalt di stribution ratios loga rithms 
on the pH of the aqueous phase were only studied in their ascending parts, because 
at higher pH values the radioactive indicators sorbed on the interface and the results 
were ill-reproducible. As in the preceding case, Freon or Freon- benzene mixture 
2 : 1 was employed as the organic phase. The slope value of two indicates the oc­
currence of the metals as the Co 2 + and Zn2+ species (Fig. 5, curves 1 - 4, as anticipat­
ed. For hafnium, the dependence of its di stribution ratio on the initia l concentration 
of the mineral acid was examined without adhering to the requirement of constant 
ionic strength (Fig. 5, curves 5 - 9). The Ko(HfA 4 ) value was not determined ex­
perimentally, since with the acidities of the aqueous phase that would have to be 
chosen the hafnium hydrolysis occurs to an extent. 

The extraction constants were calculated from the extraction curves obtained 
for the three metals; they are given in Table 1. For cobalt and zinc, the values are 
again lower than those pertaining to benzene as the organic phase. 

It can be thus concluded that Freon 113 can serve well as an organic solvent for the 
extraction of metals with HA. The lower solubility of the reagent as well as of the 
extractable chelates can be eliminated by using a mixture Freon-benzene, ratio 2 : 1, 
which satisfies safety regulations as to the incombustibility of the organic phase, 

Collection Czechoslov. Chern. Commun. [Vol. 45) [1980) 



1226 Navratil, Linhart 

REFERENCES 

1. Zolotov Y. A., Kuzrnin N. M.: Ekstraktsiya Metal/ou Aci/pirazolonami. Nauka, Moscow 1977. 
2. Navratil 0 .: Chern. Listy 68, 470 (1974). 
3. Navratil 0. : Radiokhirniya 19,626 (1977). 
4. Jensen B. S.: Acta Chern. Scand. 13, 1668 (1959). 
5. Navratil 0., Smola J .: This Journal 36, 3549 (1971). 
6. Navratil 0., Malach A.: This Journal 43, 2890 (1978) . 
7. Dyrssen D., Sillen L. G.: Acta Chern. Scand . 7, 663 (1953). 
8. Navratil 0 ., Mikulec Z.: This lournal 38, 2430 (1973). 
9. Efimov 1. P., Voronets L. S., Makarova L. G., Peshkova V. M.: Vestn. Mosk. Gos . Univ., 

Ser. Khim. Nauk 4, 121 (1969). 

Translated by P. Adamek . 

Colleclion Czechoslov. Chern. Commun. [Vol. 45] (1980] 




