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요 약. 분배계수와 용매의 용해도 파라미터 도표상의 추출포물선을 검토하여 질산산성에서 유 

로퓸을 TBP로 추출할때 유로퓸착물과 TBP외 활동도계수간의 관계를 알 수 있었고 이에따라 

TBP외 용해도 파라미터를 결정하는 가능성을 제시하였다.

용매로서 는 cy시ohexanc, 벤젠, 톨루엔, chlorobenzene을 사용하였고 TBP외 농도를 용적백 분율 

로 5에서 50까지 변화시켰다.

Abstract. A relationship between the activity coefficients of tri-zz-butylphosphate (TBP) and 

europium complex was studied in the extraction of europium by TBP in nitric acid solution. Di

luents chosen are cyclohexane, toluene, benzene and chlorobenzene. Concentrations of TBP were 

varied from 5 to 50 by volume per cent and the composition of inorganic layer was kept constant. 

A method of estimating the solubility parameter of TBP is suggested.

Introduction

In case that the process of the extraction of 

an innert molecule of a metal complex can be 

described by the following equation：

+ mR；q + nEOTg^MeRmEn> org (1) 

the distribution coefficient of metal complex is 

represented by the following equation provided 

that the composition of inorganic layer and 

the temperature are kept constant.1

log 切2드麥琨

+ 2.3RT (2)

The Symbols of the Above Two Eqations are>

雄서- : metal

R~ : anion

E : extractant

m, n : stoichiometry coefficients

aq : aqueous phase

org : organic phase 
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d : solubility parameter

e : extractant

c : complex

D : diluent

Kd : distribution coefficient

V : molar volume

R : gas constant 

T : temperature 

G : constant

A linearre lationship was reported to hold 

between the logari바ims of the activity coeffici

ents of TBP and Eu-complexin the extraction 

of Eu with TBP in nitric acid solution.2 Ex

pressing 나lis relationship as：

log Log ye~C2 (3)

the distribution coefficient of the eq. (2) can 

be simplified as follows:

log &=-诚(如lHJTC (4)
Z. oK 7

where yc and ye denote the activity eoeflicients 

of complex and TBP respectively and « is a 

constant; reportedly the stoichiometry constant 

w is 3 in this extraction system2 and C2 is a 

constant for all the systems, C3 is constant for 

a given concentration of TBP and 弘 is the 

volume fraction of diluent. The constant u can 

be determined through the distribution coeffici

ents of Eu-complex using the following eqa- 

tions：2

Zn ae—ln件十例

+ Ve<p2D(de-dDy/RT (5)

Ka=k［闆 x -으브- (6)

%

where <pe is the volume fraction of the extrac

tant, ^ioo and ae are the distribution coefficient 

of the complex in pure TBP and activity of 

TBP respectively.

The shapes of extraction Parabolas seem to 

be related to (ra-w) of the eq. (4) if 바】ere exist 
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a relationship between the activity coefficients 

as represented by the eq. (3). Thus in 

the extraction of TTA by alcoholes3 and by 

esters4 there appeared the maximal extraction 

indicating that the extraction parabolas will be 

convexed if they followed the ideal condition. 

In the extraction of GeX (X=C1, Br, and I) 

by innert solvents the regularity was clearly 

revealed and the extraction parabola appeared 

to be convexed.5 In those cases, since there are 

no additional extractant, the stoichiometry co

efficient n of the eq. (4) is zero and naturally 

the convexed parabola results. In the extraction 

of zinc by TTA and TBP the maximal extrac

tion appeared by TTA alone while minimal 

extraction resulted in the synergic extraction 

by TTA and TBP6. In the present work the 

value of u and the solubility parameter of TBP 

were simultaneously determined.

Experimental

The TBP was purified by the standard me

thod7. NaNO3 and HNO3 were analar grade. 

Inorganic layer was kept 0.06 M and 4 M with 

respect to HN03 and NaNO3 respectively. Sol

vents of analar grade were used without further 

purification. 152?154Eu tracer was used. The di

stribution coefficient for Eu was determined by

measuring the y activities of both phase with 

a liquid counter. Three independent equilibra

tions were caried out for each composition of 

organic phase agitaling three different period 

of time namely 5, 10 and 15 minutes. Tempe- 

ratue was kept at 12±1°C.

Results and Discussion

1. The Dependence of the Distribution Co
efficient of Europium Complex on the Molar 
Concentration of TBP. The distribution coe
fficients of europium complex were measured
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Table 1. Distribution coefficients of europuim complex

No. Diluents CTbp(v/o) log Kd

1 Cyclohexane 5 -1.77
2 10 -0. 886
3 20 ---- 20
4 50 0. 799
5 Benzene 5 -2.51
6 10 -1.51
7 20 -0. 585
8 50 0. 623
9 Toluene 5 一 2. 42

10 10 -1. 48
11 20 -0. 523
12 50 0. 644
13 Chlorobenzene 5 -2.51
14 10 -1.54
15 20 -0. 62
16 50 0. 62
17 100 30

aq. phase; 4 M NaNO3 and 0. 06 M HN0:;

at 5, 10, 20 and 50 volume percent of TBP in 

four different diluents： cyclohexane, benzene, 

toluene and chlorobenzene. The results are 

shown in Table 1. In Fig. 1 is shown the depe

ndence of Log K/s on the molar concentration 

of TBP. The third power dependence of the 

distribution coefficients on the molarities of 

TBP appeared to hold clearly for the diluents 

of higher solubility parameter： for benzene, 

toluene and chlorobenzene. This relationship 

appeared to be slightly violated at the higher 

concentration of TBP for cyclohexane.

Neglecting this slight violence the reported 

value of the stoichiometry coefficient w? as 3 

for the dilute solution of TBP seems to hold 

through out this extraction system.

2. The Relaion between the Activity Coe
fficients of TBP and 나te Complex. Quoting 

the value of the solubility parameter of TBP 

as 10.6 the activity coefficients of TBP were 

calculated by the eq. (5) and (6) for each ex

traction system and the results are shown in 

Fig. 2. From Fig. 2 it can be shown that the

Fig. 1. The dependence of the distribution coeffici
ents on the m시ar concentrations of TBP. 
Marks for the experimental points: upper 
circle; for cyclohexane, lower circle for tolu
ene; combined circle for benzene and chlo- 
robenzen.

value of u should be 2. Then the slope of st

raight line connecting two points corresponding 

two log Kd values can be calculated from the 

following equation：

Slopeu—g—***糸2d) (7)

where the subscripts 1 and 2 denote two dilu

ents of different kind. The values of slopes cal

culated by the eq. (7) are compared with those 

deterimined experimentally and results are sho

wn in Table 2.

3. The Extrapolation of the Parabola to
The intersects of the Parabola (4)

Journal of the Korean Chemical'^Society



질산유로퓸을 TBP로 추출할때 TBP와 유로퓸착물의 활동도계수간의 관계 275

with dD=0 were calculated and results are sh

own in Table 3. Taking the mean value of the 

intersects as one of the two points of log K/s 

of the straight lines on the parabolas the 

slopes of straight lines for each diluents of 

different systems were calculated by the eq. (7) 

letting di to be zero and results are compared 

with those determined through the measured 

distribution coefficients. They are shown in 

Table 4. It can be seen that two v이ues, 

calculated and determined, agree very closely. 

From this fact it may be suggested that 

the intersect, which corresponds to the 

distribution coefficient of the complex in the 

hypothetical diluent whose solubility para

meter is zero, log Kf, provides an effective 

mean in tracing the extraction behavior.

4. The Solubility Parameter of TBP. A

Fig. 2. Relation between log and log Yc 
伝=2 and d/=10. 6)

Table 2. Slopes of straight lines on the parabola 
of eq. (4)

1, 2, 3 and 4 represent log KJs in cy시ohexane, 
benzene, toluene and chlorobenzens, respectively

Lines Slopes (1) 
calculated

漑흐紹 网。：（2）/⑴

1〜2 -0. 778 -0. 779 1.07
1〜3 -0. 851 -0. 929 1.09
1〜4 -0. 662 -0. 569 0. 86
1〜2 T). 654 -0. 656 1.00
1〜3 -0. 764 -0. 850 1.12
1〜4 -0. 594 -0. 502 0. 85
1〜2 一0. 517 -0. 489 0. 95
1〜3 -0.603 -0. 576 0. 96
1〜4 -0. 469 -0. 385 0. 82
1〜2 -0. 202 -0.185 0. 92
1〜3 — 0.236 -0. 221 ■ 0.94
1〜4 1 -0.183 -0.152 0.83

Table 3. The interesects of the extraction parabolas 
with 為=0 (Log K£)

Diluents 1 Ctbp 
=5v/o ;

CtbP
= 10v/。

Ctbp 
—20v/o

Ctbp 
=50v/o

Cyclohexane 18.4 17.2 14.2 6.4
Benzene 18.3 17.2 14.2 6.4
Toluene 18.3 17.1 14.2 6.4
Chlorobenzene 18.5 17.3 14.3 6.4

Table 4. Slopes determined through log Kd°

No. Diluents Ctbp )
(v/o) 1

Calcu- 1 
lated 1

Deter
mined

1 Cyclohexane 5 —2. 46 -2. 46
2 10 -2.21 -2. 21
3 20 -1.74 -1. 75
4 50 —0.68 -0. 68
5 Benzene 5 —2 29 一2. 29
6 10 一2. 06 -2. 04
7 20 — 1.63 -1.62
8 50 -0. 63 -0. 63
9 Toluene 5 -2. 33 -2. 34

10 10 -2. 01 一 2. 10
11 20 -1.65 -L 65
12 50 -0. 64 -0.64
13 Chlorobenzene 5 -2. 21 -2. 20
14 10 -1. 98 -1.97
15 20 一L 57 -1.56
16 50 ---- -- -0. 60
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Table 5- The solubility parameter of TBP (calculated)

No. Diluents | Ctbp
(v/o) Log Kd° 』tbp

1 Cyclohexane 5 18. 7 10.7
2 10 17.4 10.7
3 20 13.9 10.5
4 50 6.3 10.5
5 Benzene 5 18.7 10.7
6 1 10 17.4 10.7
7 20 13.9 10.5
8 50 6.3 10.4
9 Toluene 5 18.7 10.7

10 10 17.4 10.7
11 20 13.9 10.5
12 50 6.3 10.4
13 Chlorobenzene 5 18.7 10.7
14 10 17.4 10.6
15 20 13-9 10.6
16 50 6.3 10.5

Log Vtbp

Fig. 3. Relation between log j/Tbp and log)%・ 
(“=1 and 匕=9. 7) 

relationship between the intersect (log K/) 

and u can be derived by cancelling out de from 

two slopes.

logKm—logK技 logKd?—logKd。
di d，2

="新^* 01-&)
⑻

Then de can be estimated by：

丄世넝2住疇皿—0) ⑼ 

«1 Z. o Ki

Thus if the values of u were assumed then 

the solubility parameter of TBP can be calcu

lated by the eq. (8) and (9). There are no 

reasons for assuming the values of u to be in

teger, but as a first step only positive integers 

were assumed. In general the slope of the ext

raction parabola of an extractant is influenced 

by a metal complex.1 So that the value of u 

to be zero seems to be impractical. It is clear 

that the value of w to be 3 is also impractical 

because the distribution coefficient is influenced 

by solvnts of different solubility parameter.

So that the calculations were carried out for 

u=^2 and u—1. Results are：(%=10. 6 and 9. 7 

for u^ 2 and respectively. In the case of 

u=2 and de=lQ. 6, the relation between log 

yc and log ye calculated by the measured dist

ribution coefficients shows the linear relation

ship of slope 2 as in Fig. 2 proving the assum

ption of 化=2 to be reasonable. But when 

and de=9- 7 the relation between log yc 

and log ye does not satisty the condition of 

the assumption as shown in Fig. 3. Foilwing 

the same procedure the solubility parameter of 

TBP for each 16 different cases were calculated 

and results are shown in Table 5.
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