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- THE FPROBLEM 0F LINTRIEUTICE
BETWEED AQUEOUS SOLUTICES AT
CF ETHERS AND ESTE

COHCEL

IPollowing 1s & tremsistion of an articie
v ¥, M, Vdovenko and Ye, 4. Smiruova ia
paalokbiniys (Radiochemistry), Voi. I, Yo,
1, Leningrad, 1959, pages 43-5l.

"ia extrection method ism widely used in chemloal snse
iysis, preparatory chenigtry and other areas. Heveritheless,
1itercture contalining studles of equilibrivs distributlon
from the thermodynamic point of view te relatively scant.

One of the ressone for 1t is the cemplexity of dlstrl-
vution processes, In the gigtribution, uranyl nitrate belp-
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ves relatively simply, which snabled Gluecksuf, McEey sud
Msthieson [11 to test digtribution date by thermodynamicnl

analysis, They have phown that sn urenyl nitrate molenule
erters lute the orgenic phase with a seriain nusber of water
moleenles, and that in the erganic phase urenyl nitrats e~
mains mostly noet lopized., An gquation was rveviewed, 20sGrd-
¢ to which the distribution of urenyl nltrate betwaen the

: snd orgenic pheses ilaxes plece, Eguillibrium cons-
reve debermined, as well as the sctivity ceeffliclent
¢ uyanyl nitrate in ergsnilc sclvents and a series of oiher
quantities, the knowledge of which sheds some light on ura-
1yl nitrate forms in orgenic solvenis.

glueckanf, McKay snd Mathleson developed thelr thesls

1y, the follewing way. Woen urenyl niltrate iz distributed
egnilibriunm takes place

B (RER), - A0 22 UCET -+ BNOT + M0, {ny

where & L2 the number of watier anlecules with which each U~
ronyl nitrate molecule goes Over inte the organic phase. The
1eft pari of the equatlon refers bo ithe organlc phase, the
vight «= to the aguenus.,
The eguilibrium constand of this resction can be wril-
UG HO R « B g 7 2




where brackets lndicate the thermodynamlc activitles,
The product

Ry L “q
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where uw end 2 are the molarlty and sotivity coefficlent of
wranyd nitrate in aquesus phage,

The activity of aydrated uranyl nitrete in the orge-
nic phage can be expressed by Equatlion :

;.,{‘" ﬁé‘é {H !1:‘3‘?,},). < AF '2‘3 !l::*.jf R, 3"“::"/
where By and ¥y are the molarliy and aetivity coefficient
of uranyl nitrete in the orgenlc phase. )

Substituting the expressions cbiained late Egq {2) and
dezignating K1 = K/4, we obtailn

oty

o
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where ay 4o the sctivity of water. Ikg (%) can be written in
logerithuic form ‘
4/3
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Teing Bquations (4) - (6), Glueckaul, Mckey and ot O
teiepon determived quantities Ky and yy for a series of sol-
vents, af based on dlstrivution dats,

¥e investigated weanyl nitrate distribution betweel
wnter and s serles of ethers and esters so 38 10 verify the
svplieation of Equations (4) - (6) te the given case and to
the determination of guantities X snd Fu> Yenes, chamical
formulan aud certain characieristlce of ethews and egbars dis-
cussed sre given in Table 1.

A11 athers snd esters were submitted to priocr purlil-
cetion,

Experiments were carried oul in the followlng way. Wam
ter solutions of uranyl nitrate in differemt concentrstions
wns sharen with egusl quantitles of organic ligqulds &t & =
ot 6 Fo0,.02Y%,  Bgullibriuw wee ususlly extablishsd after
2.% heore, (he maximom copeentratlon of the equlwalent wa-
tar solution of wrsnyl nitrate correspondsd o & geiurated
salution 5t 4 = 25O, For dilsopropyl ether, dibutylearbi-~
tel, dimethyiphtalate no saturated solutions could be ob-
rsined due o the precipitetion of wuranyl nitrate etharates
2%t niph concestratlions. After s complete phase separatlonl,

el
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weter solution was analyzed for uranyl nitrate content,
ether soiution -« for uranyl nitrate and water content.
~ Anslyses for uranyl nltrate content wers done hy or-~

dinary gravimetric method, precipitating anmonium divranate
with subsequent caleination and welghlng as U=z0g, oF Wy G
lorimetyic method.

¥eter guentity in the orgenlc phase was determined by
Pisher's method as described im Mitcheland Smith's book "hAe
guametry® (2],

In sddition, specific welghis of water and ether phe-
Bes gmge determined. Graphs for the dependence of Log
m Yei/ @ on log my, were plotted on the base of data oblained
(Fig., 1 - 6), Values of § and ay were faken from tables for
s pure water solutlonm of wranyl nitrate of the same concen=
tretlon, disregarding the erganic golvent dissclved in the
weter phase of ursnyl nltrate, &8 the molabllity of an or«
ganic solvent in water s low as & rule, snd, thersfole,
the presence of organlc solvent cannat shrongly influsence
quartlities §and gy. 7 and ay values for gifferent ura-
nyl zitrate concenirations are glven below:

. Activie Yater Activity

folarity, m (}ia?fliem ¥ By ¥
¢l 0575 0,595
.2 0.543 0.990
0.3 G540 {1.985
4.5 (1.564 86973
0.7 2616 G960
1.0 721 $6.938
1.5 {3,954 0.895
20 1.288 {3,848
2.5 1.67 0.798
30 112 WL
38 247 (1712

¥alues for h are teken from the precedent work by the
suthors 31 snd are shown in Table 2.

»/,M;jﬁyﬁm Pign, 1 ~ 6, 1% appesrs that dependence of log
m el on log my is rectilineny (l.e., Ju = 1) up to cer-
tain log my; VRIUSSE.

For the majority of orgsnle solvents unfer consldera-
tion, activity ccefiiclent of wranyl nitrate in organic sol-
vent was not esgusl 1 when my > C.d. 411 straight lines de~
termined have a 1/3 slope.

tuentitlies Ky and g% ¢an be determined from the

ETaphs .
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Table 1

Opganic solvent |
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Weihyl bonzoate

Eihy! benzdsts

a--buivl benroate

1wl malonnte
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Determination of Xy
In ecuadtion (6)

lﬁ,?& « 3 !
lg mye, " =iy tg K)o s by omey,

when 1g my = 0 tg mya 2=t 1g K
5 4y = R g i

which permite the determination of guantlity ¥y,

Tabla 2

\
| ,
1 SOTVENT & ;« i Ky % otmot)
| |
ether e e e e B wl 25 1120
vl ether W e e e e e e e e e e e G167 i 4.8 ! 5{*’3 110
e 0125 | 25 1 4217 0 908
. .. a1 2.2 | 2900 893
€35 3.8 | 17380 171.4
. ) 0.4 52 | 158 175.0
) L 0333 | 42 | 513 164.4
. 0.25 36 | 3310 150.0
. 0.25 46 1 569 | 150D
0232 | 33 105.9 143.6
o018z o250 1310
) L0187 0 25 ¢ 1318 1006
. Y 40 076 | 1400
.05 34 . 2570 | 1491
. G182 38 64.6 13333
Lins 50 | 5.6 172.4
. ) i 04 40 | - 1450
. o633 | o35 160 14320
1 028 27 0 145.0
ooz | o280 — 128.6
Drethvl malonate Ce N % 0.57 4.6 f A8 1640

Ky walues for solvents reviewed are shown in Table 2.
ihle 2 ghows wr.c, retle of oxyzen stoms to carbon atoms in
n solvent {column 2) the mmmber of water molecules, h,

ol . ¥ o
‘ﬂhu, o fol

ollow esch uranyl nitrete molecule inmto the orgaunlc




08
o 08
Lo
£ b4
ey
g2
a0l
Ja

Ly }"Zub ‘

Fig. 1. Dependence of Log mja“f’ on log m
3) dilsepropyl ether; £) daﬁu*yl ether; 3
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Pig. 2. Dependence of log um ?ﬂh/’ on LOg Wye

thylphthalat&, 2} dlethylphthalate; 3) di-
thalate,
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Fig, 3, Dependence of log m¥ed 7 on 1log My

1) Diethyl succinate; 2) ethyl clnnamate; %5
ethyl monochloroacetate.
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Fig. &, Dependence of log mj%%fﬁ on log my.

1) Methyl benzoate; 2) ethyl benZoate; 3) isoa~
myl benzoate.
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Pig. 5. Dependence of log m a%/ﬁ on log By.

1} dibutylearbitol; 2) diethyl malonate; 3) el
ethyl butyrate.
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®ig. 6. Dependence of log mg&%ﬁ3 0B 108 Dy.
1) dlethyl ether.
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Flg. 7. Depsndence of (j, on my for dlethyl
malonate.
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Pig. 8. Dependence of Jy on my.

1) dlethyl ether; 2) dibutylearbltol; 3)
diethyl succinete; 4) dilsopropyl ether.
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Pig. 9. Dependence of Yu on My

1) dimetuyl phthelate; 2) dlethyl phthalate;
3) dibutyl phthalate.
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Pig. 10. Dependence of Fu on By

1) ethyl monochloroacetate: 2) daibutyl ether;
3) ethyl cinnamate.
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¥1g, 11. Depeudence of g5y on .

1} methyl benzoate; 2) ethyl benzoate.

phase (column %) and the apparent molar volume of hydrated
ursnyl nitrete in organic solvent Ty {columm 5}.

1 could ts expectesd, one sees from tne date of Table
2 thst in each of the homologleal sories reviewsd guantliity &y
inereeses when going over from the first embers of the se-
yies to the higher ones, i.e., extraciion capacity decresges.
Tn z serles of cases Ky values strongly differ from each o=
ther for solvents hsvipg the sane ratin of oxyzen to carbon
atons {Table 2), This spesks in faver of the influence of
groups composing the nolecule of the organic solvent and of
“ne slectron-dsnor propertles of exygzen atoms.

txiracting capacity of At =dichierodiethyl ether
Jerer) is 700 times lower than thai of dlethyl ether.

Sueh an abrupt drop is appareaily causaed by the in=
tve infiusnce of elecironegatlve chlorine atoums in the
arz meleocule on the electron douonr propertlies of ths oxy~

etom, causing a shift of oxygen elactrons towsrd chlo-
¢ electrons,

A nezative influence of chlorine atoms on extracilng
properties is seen in the example of ethyl monochloroacse-
tate,

R
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Tn 2dditlon to the electirom-donor propertiss of sol-
vents, sterle~factors play & role in the extracilon., He-

4nyl benzoate and dibutyl phihalate having the same gleo-
rren~donoy properiies [4] vecause of equal oxygen: carvon
aton ratic, have a differsnt extracting capacliy, Maybe 2
reason for it is a lesser possibility for dibutylphthalate
of soordination around ursnyl because of greater steric
nindrances.

L1




Determination of Ju

Quantities &7 can be determined graphlcaliy.

As slresdy mentioned befors, when uranyl nitrate
concentrations in the ether phase exceed 0,1 iy, expavimane
ts1 curves in Figs. 1 ~ 6 deviste from rectilinear and ¢
values can be determined accerding to the deviatlion fven
the rectilinear dependence.

o W

To achleve 1%, log my and %?§ my gy is determlined

ue

from the graph, &t a fixed 1g nda value, and later ==«
Ju quentitles for dlfferent m, yalues. '

Teta obiained are shown in Figs. 7 - 1l. From thenm
1% sopears thet J; velues increase with the increase of
fiy,. for & serlss af golvents g7y > @ at hlgh my values,

In conformity with Gidbbs ~ Dygenm relation, an in-
creese in Jy with an lncrease in uranyl nitrate concen-
epation in the organic phase presumes & decrease in the
sctivity of the solvent, spparently caused by the solva-
tion of the soluits by the solvent.

I+ ie characteristic that )y dees not pass through &
minimum, Such a type of dependence 1S gstablished &t pre-
sent for strong aclds end certain gzlts ip nonagueous selu-
tiens, in walch sclids and salts are practically mol dlsso-
cieted and solvated to & great extent.

Determination of Quantity Wy

(The Apparent Molsr Volume of Hydrated Urenyl Ni-
trate irn the Organic Solvant)

Xnowing the densitles of the organic solvent depend-
fns on wrsnyl niirate content in 1t, one can caloulate the
spparent molar velume of hydrated ursnyl nitrate (Vi) in the
given organic solvent with the help of the following equa-
tion:

5,{“'!_,43». i = {; e PR iy TS Z. o?ﬂ;}/ ) -( e rE LA g 2/130 { V2

where my and my arye water emd uranyl nitrate molsrlties ln
the organlc sclvant, respectively; D «- the denglty of orga-
nic soLvent in the presence of uranyl nltrate; ng == water
seiubility in organic solvent; Dy == specific weight of or-
ganic selvent saturated with water in absence of uranyl ni-
trate.

For tols purpcse, & graph is plotted sikowling the de~
pendence of the first term in the right gide of Eq. (7) on
my,, and VQ 15 determined by the inclinatlon angle of the 1i~-
ne. Resulis se obialned are shown 1n Table 2, From lts data
.+ 1% appears that for the given homologlical series and goling

12




from & lower member to & higher, quantity V, decreages,

Comparing V, quantities for solvents in which ura-
oyl nitrets g spproximately equally hydrated, the effect
of aifferent molecule packing of organic soivent syround

uwranyl niirete melecule is noticesble, ceusing the dille-

L

rence tu values of gquantity ¥y dus to a diiferent structi-
re of the orgsnic wolecules.
Conclusions
1. Tt war shown that uranyl nitrate distribution
betwean aguesus golutlion and a geries of ethers and eslsrs
1g accordivg Bas (1) - (6}.

2, TFeuilibriun consiants of urenyl nitrate between
aqueous solutlon and o series of esters werve determined,

3. Activity coefficients and apparent melar volu-
mes of urenyl nitrate in some elhers and ssters were de-
N
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