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OOWCiEHJIG  THE  PROBLEM  Of DISTEIBTOIOM  OPJJRJjp H1TEAK2 
BETWEEN AQUEOUS SOLUTIOHS !iu) A KÖMUAK 

0? ETHBBS km ESTERS 

[Following Is a translation of &n article 
fcy 7. K. Vdovenko aad Ie, A.  Smiruova In 
Eadiofchimiya  (Radiochemietry) t Vol.  1,  £fö* 
1, Leningrad, 1959. pages 43-bl.J 

•fee extraction method is widely used la cheaical ana- 
lysts, weBaratory chemistry aad o^ff^«f»«• ..i?I?v^??^    ' 
llterlture containing «tudite of e4uilibriua diBtritutiuu 
JroBthe th«wodynamic point of yi« is relatively scant. 

One of the reasons for It is the complexity of <ubtix- 
butlon irooesBes.    In the distribution* uranyl niirjte &wa- 
vfs r«latWftlT simply» which enabled Gluecfeauf, kctay &«& 
MstMwt^'fit to test distribution data by thermodynaalcal 
fl*Mvfiin"    They have shown that an uranyl nitrate molecule 
tSitSJtkoTtS Snic phase irlth a o.rt^J^J^J^ 
Pfrlecul««. and that in the organic phase uranyl nl^at,* i* 
rel£ awtly not ioniaed.    An aquation « reviewed,  aco^ro» 
iiur to which the distribution of uranyl a J«} ^e

f%S' 
aqueous aad organic phases takes place.   J^^^^I 
tests ware determined, as »ell as the actlvity e^Iixetea* 
r<< vranrl  nitrate in organic solvents and a series of outer 
Srw"titiis7S towlUe of which sfc.eds eome light on ura- 
nvl nitrate forma In organic solvents, ♦>*«*« 

Gluactauf, McKay and Katlaleson deyelopea the.r t..eö.s 
in  the following way.    When uraayl nitrate is dxsUiDutoa 
(equilibrium takes place 

vhere * ie the number of water molaeu^/^ *£°l£f ^ne 
ri^v"»  nitrate mnleoule goes over into the organic pnacia*     me 
left pwt of tie equation refers to tfce organic phase,  the 
rigbt'lhf e^n?SSiSconstant of thie reaction can be writ- 

ten as [uof+irNorFjHpJ*-- ,„ 
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«Here brackets Indicate the thermodynamic activities. 
!&e product 

where a and / are the molarity sad activity coefficient of 
uranyl nitrate in aqueous phase, 

Rie activity of fcydratad uraayl altrate in »..« orga- 
nic phase can "be expressed by Equation 

where m« and r"u &*• "^e mol&rity and activity coefficient 
of uranyl nitrate in the organic phase.        ™„ fnw^ 

Substituting the expressions obtained into m,  UJ ana 
designating Ki = x/4s we obtain 

where a.w is the activity of water. Bq (3) can be written In 
logarithmic form 

When EU -> 0, /u ->1 sad lq (5) takes tits aspect of 

UeiaR Equations (4) - (6)* Glueckauf, McKay and Ma- 
tfcieeon determined qiaatities % and fa  for a series of eol- 
vents, as based em distribution data» 

We investigated uranyl nitrate distribution -between 
filter and a series of ethers and esters so as to verify the 
education of Equations (4) - (6) to the, given, case and *o 
tbe dot«rjal3iation of quantities Si and /u* Barnes, caemical 
forsmlas and certain characteristics of etliere and esters die- 
cussed are gives in Table 1* 

ill ethars aaa esters wer© submitted to prior puriii- 
<*; J9 "{" * Oil . 

*Exparissnts were carried oat la the following way» Wa- 
ter solutions of uranyl nitrate in different concentrations 
•»&,$  shs^ft» with equal quantities of organic liquids at t = 
?«5.0 « 0,02°. Equilibrium was usually established after 
2-^ fcosre.  Sie maximum concentration of the equivalent "wa- 
ter solution of wraayl nitrate corresponded to a saturated 
solution at +• ~ 25°, ?or diisopropyl ether, ditutyxcarbi- 
tcl, dimethvlphtalate no saturated solutions could be ob- 
tained due to the precipitation of uranyl nitrate etheratee 
at hiph concentrations. After a complete pbase separation, 



water solution was wiaXjsed for ura^yl nitrate content, 
ether solution — for uranyl nitrate aad water content. 

Analyse* for uranyl nitrate ceatent were done by or- 
dinary gravimetric method, precipitating ammonium diuranate 
with subsequent calcination and weighing as 030S, or Uy c*- 
lorlmetric method* , ,  ^„^J %.„ 

Water awmtity In tha organic phase was aeteramiad *y 
Fisher's method as described In. Kitcheland Smith s book A- 

quBaetry^ £|j.^    ^ecific weights of water and ether pha- 
ses were determined. Graphs for the dependence of log 
m rW- 0». log i% vere plotted on the base of data obtained 
(AS™ 1-6), Values of f and aw wert taken from tables for 
a pure irater solution of uranyl nitrate of the jam« concen- 
tration * disregarding the organic solvent diesolved in ^e 
water phase of uranyl nitrate, as the solubility oijan, or- 
ganic solvent la water is low as a rule, «ad, therefore, 
the presence of orgaaie solvent cannot strongly' iniiuenoe 
JtSntltiS rand a£.  a'and % values for «Iffereat ura- 
nyl nitrate concentrations are gives, below: 

Activity Water Activity 
Molariiy, tn Coefficient y °w 

01 0,573 0.995 
0.2 0.543 0.990 
0.3 0.540 0.985 
0.5 0.564 0.973 
0.7 0.616 0.560 
1.0 0.72! 0.938 
1.5 0.959 0.896 
2.0 U88 0.848 
2.S 1.67 0.798 
3.0 1.12 0.751 
3,5 2.47 0.712 

Values for h are taken from the precedent work by the 
anthors M and are shows in fable 2, 

* '' '^frm  Figs» 1-6, it appears that dependence of log 
m/alK3 oJi log~mu ie rectilinear (i.e., ^ * D u*> t0 cer"* 

tain l0|0^
u
tJJ

x^!;rlt;f of orgsnlc solvents under considera- 
tion, activity coefficient of uranyl nitrate in organic sol- 
vent vas not equal 1 when att > 0.1. HI straight lines de- 
termined have a l/3 slope, / 

Quantities % and /*u can be determined from the 
graphs * 
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Hable 1 

Organic solvent 

i 

fornrats IM IB JSa 
Diethyl ether 74.«| o.wtf»* ?.8*° 

Düsoprcpyl ether it;,H,>,o lffl2.17| CK722Ö° 0.2 

di-n~butyl ethar (C,Hs},0 130.22! 0.769** 
i 

0.05 

di — i3oamy! e^her fC-.H^O IS&JRSj S.711*" U.   p- 

ChSorex {CäCK,CH'»),0 M3.02 1.222s5" usf6 

Methyl batyratfi 
C3H„--Cv 

102.13 0.89850* 1.7 

ECnyi butyrate 
C,H,~C"' 

'vOCsH, 

116.16 COT*" 0.6825 

ü—buiyl buty rs te 
C,H,~c*' 

144.21 O.R'KP* K.   p. 

IsoösnvJ batyrste 
c,H--<r 

158-23 OJfi»1^ H.   p. 

M3CH,. 
DibutYlt-iirbitcS    f C,H,0i'ClS,),O(tH»i,OC«K, 218.33 

Ei.hvi srionochloro— s 

Distfcyl svtccinatß    I 

D i;v:e thyl pb thai ate 

Diufchyt ohöialafs 

Pibutyl pbihaiate 

Ethyl einnamate 

ciCi'ä.-'C 

(CH,CO»Ce«Ä 

|     I      /P 

/ß 

;>-\e c-ocH. 
!   I     *° 
-,>.,, C--C--0-C,H» 

122.55 j 1.159»* m.  jj. 

t«-W) 1.040"*      ■• P- 

194.18J 1J8<9»6 

! 
I 

2M.»j MJi»*" 

|2?85t| l,ö4SH" !  OJJ* 

0.43 

JJ. p. 

«*»* 

,,0       176.21!  i.C4.|f»-'  \    m. p 

b "     " 

Ee'vüctlott its- 

(°c) 
1 'SJ 

34.6 1349? 1.3499 

685--69.Ö 1.3678 1.365» 

143.4 1,3932 13*92 

173.4 1..7680 1.7079 

178.5 — — 

102.3 liWOO 13837 

126.0 1.3930 1.3935 

165,7, 
Z3 =736 MM 

1.4849 1.4055 

na,6 1.4110 1.4112 

254.0 1.4241 1.4241 

144.0 1.4216 1.4220 

2110 1.4201 1.4210 

2S0.C. 
^"734 KM 

1.53155 1.5155 

298- 
-299 

1.51329 1.503« 

• 

I.45Q5 14933 

!  .f "iO'-CHwO« -C 
I i 

w"~i ' 
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Table 1 
(coB.tin.ued) 

Meihvl bciiffoafe 

Ethyl henzosi® 

-butyl be floate 

'Ui.e:?h'-.-l rnauXG/He 

:,c~c 
f.0 .136.14; 'i.&872S" 

W !» "OCB,. 

VC-~C 

^Nc-C 

'%/ 

At 
y 

1S0.17J 1.05» IS" 

». p. 

178.22! LCSB0"       *• 

198— 
—1Q9 

1.5144; 1,3147 

212.9    ! 1.5054 

is«; 

.192.25; 0.99214" '■    »• P-    Lj£?: 

HlC,OOCCH»COOC,B , \ 1.60.17   1.055*'"   :  »■• T- P-  | 

P--246 MM 

198,9 

1.5060 

1.493011.493? 

1.4940 1.4935 

1.4162    — 

41: *0 



Determination of Ej_ 

Is equation (6) 

which permits the determination of quantity % 

when lg KEU = 0 

!];ai)le 2 

£iKis.:.,«s;tera»EEKKfcw: 

fw::^'.^.^;^^^!:*^-^::*.:^.^-^-^;^^ 

Bi ethyl ether 
Piisoprapy! ether 
Dibatyl ether '        ...» 
DUßoa-aivJ ether . ,    ,    ,    . 

$f? -dicMo-qdiethyi etiier (Ch 
Disrsetfcyf. pbtbslate     „    »    , 

Disthyt phthaJate  .... 
di'butylphthslate .    .   , 
Methyl benzonte    .    .    .    . 

.Ethyl benzoate  ,    .    ,    „    . 

Isoaoyl fcenscsste        ,.    .    , 

DJbuty'earbitol.' .    » 
Etb/yl monucaioroacetate 
Ethyl cinnEinate 
Die thy* s^ecisste 
Hethyl butyrete 
Ethyl fc utyrate   ,    „    , 
Butyl bvityrate ,    , 
IscaitsyJ butyrate     '    , 
Dletiiy! ««atonale . 

•sssrar 
""■"        j -•—=—Bi 1BSS :;::;;SBBC—KKSSCEB S" =====:=- 

o      ! 
T     | A A', 

0.25 4$ 2.5 112.0 
0.16? 4,6 59.3 111.0 
0,125 2.5 421.7 90.5 
0.1 2.2 2900 89.3 
0^5 3.8 .    1736.0 171.4 
0,4 5.2 !       15.8 173.0 
0.333 4.2 !       5L3 164.4 
0.25 3.6 i     331,0 150.0 
0.25 4.0 I       $6.9 150.0 
0.222 3.3 105.9 .     143.6 

,   . !    0.182 2.S — j     137.0 
, i    0,167 2.5 :   1318 1     100.0 

0.25 
0.S 
0.182 
0.S 
0.4 

0.57 

4.0 
3.4 
3.8 
s.o 

3.5 
2.1 
2.5 
4-6 

0.76 
257.0 

64.6 
5.6 

16.0 

8.8 

140.0 
149.1 
133.33 
172.4 
148.0 
143.0 
115.0 
128..6 
164.0 

,K"I  Tallies for solvents reviewed are shown Im fable 2, 
Table 2 shows  tb.e ratio of oxygen atoms to carbon atoms In 
each, solvent  (column 2)  the number of water molecules, ht 
which follow esoli uranyl nitrate molecule Into the orgasio 
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Fig« 1.. Dependence of log ntfa£/-' on log a« 
1) dileopropyl ether; 2) dlbutjl ether;  3) 
chlorex 

Fig.   2.     Dependence of log la/ali/^ on log mu. 

I)  dimethylphthalate;  2}   dietiiylphtlialate;  3)  dl- 
but yiphthalata« 



'} u 

OS 
c* 
<i £s 

E 
toi ^ 

^ 

16 \ 

^ 0.0 vo 

Fig.  3*    Dependence of log m #' aw' *" oa l0S %t« 

1)  Diethyl suocinate;  2)  ethyl clnnanate;  3) 
ethyl manochloroacetate. 
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Fig. 4, Dependence of log a/aw'  on log mu* 

1} Methyl bensoate; 2) ethyl beasoat®; 3) iBoa- 
myl benaoate. 
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Flg.  5.    Depeadence of log m/fejK5 on lo® %• 

1)  dlbutyicarbltol; 2)  diethyl malonata;  3) et 
ethyl butyrat©* 

.10 

4»   00 
««TB iß U   Iß tq/ao   w 20 

'lgmu 

fig,  6.    Dependence of log m/a!^ 3 on log mu. 

1) 41ethyl ether. 
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If ig. 7. Dependwiee of & on mu for dlethyl 
malo&ate. 

30    a 

Fig.  8.    Dependence of   <Ju on mu« 

1)  diethyl «ther; 2)  dlbtttylcarbitol;  3) 
diethyl succtaate; 4)  dilsopropyl ether. 
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Fig. 9.    Dependence of   2fu m mu* 

1) dimethyl phthalat«; 2)  dUtbjl pktHalate; 
3) dlbutyl phthalate. 

Fig. 10,    Depea&ettoe of   /u OB. I 

1)  ethyl monochloroacGtate; 2)  dibutyl etHer; 
3) ethyl oinn*aate. 
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Ir ig, 11. Dependence of fu  on %. 

1) methyl bensoate; 2) ethyl bensoate. 

T)haee (column 3) and the apparent molar volume»of hydrate d 
uranyi nitrate in organic solvent Vu v JJ^., f• t  * Tpble 

As could bs expected, one sees fron ^J^t« oZ + Jt, k 
?  that In each of the homological series reviewed y*^tl,, ^ 
increases *hen going over fro® the first *^LJ* r^^, 
?les to the higher ones, I.e.. extraction 5*P»cJ^d2S^2- 
In a series of oases KX values strongly 

di"^^°* ^v?. 
t£*r for solvents having the same ratio of oxyg«n to ca.bea 
at^s"(Table 2), Shis speaks in favor of ^*£«f£° °Jf 
croups composing the nolecule of the organic solvent and of 
*>»» Plctror-donor properties of exygen atoms. 

Extracting capacity of /•>/> -dioluorodi^hyl etnor 
rfc^orex) is 700 times lower than that of ciethyl eoa«r. 
U~  fic£ an abrupt drop is apparently caused ^ toe ig« 
duotlve influence of electronegative cxuoriae atom» xn the 
ohlorl molecule on the electron donor, properties of tue oxy- 
gen atom, casing a shift of oxygen electron* toward chlo- 

rine electrons^ ln£llwnce of cbiorin@ atoms on extracting 
properties Is seen in the example of ethyl monochloroace- 
tatS* In addition to the eleotroea-doaor properties of sol- 
T6ntp qtcric-factors play a role in the extraction, tfe- 
Ivr* bereite aSd dihutyl" phthalate having the sane «lee- 
trfn-donor properties [4] because of equal oxygen: careen 
3+.„ ««t-so have a different extracting capacity, iujwea 
?a«?oi fSr'it IS a lesser possibility for dibutylpht&alaxe 
of ooorSnation around uraAyl because of greater eterlc 
hindrances, 
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Determination of /"u 

Quantities ^n  can be determined graphically. 
As already mentioned before» when uranyl nitrate 

concentrations In the ether phase exceed 0,1 m^ experimen- 
tal curves in Pigs, 1-6 deviate from rectilinear ana (r u 
values can De determined according to the deviation iron 
the rectilinear" dependence. «« A«.**™,*««* 

To achieve It, log mu and ^ag mu/u 
ls determined 

from the graph, at a fixed lg m/a|/ß value, ana later — 
fa  quantities for different mu values. 
*     Data obtained are shown In Pigs» 7-11. From tnem 
It appears that fu values increase with the increase of 
at.. For a series of solvents fa -> ^ at nigh mu values. 

In conformity with Gibbs - Dygem relation, an in- 
crease in Ai  with an increase in uranyl nitrate concen- 
tration in the organic phase presumes a decrease in „be 
eSfciTlty of the allveat, apparently caused by the solu- 
tion of the solute by the solvent. 

It is characteristic that fa  does not pass throagn a 
minimum. Such a type of dependence is •J^bliBhed at pre- 
sent for strong acids and certain salts in none^ueous solu- 
tions, in «hieh acids and salts are practically not disso- 
ciated and solvated to a great extent, 

Determination of Quantity ¥u 

(The Apparent Molar Volume of Rydrated uranyl Ni- 
trate in the Organic Solvent) 

Kuowinar the densities of the organic solvent depend- 
inK on uranyl nitrate content in It, one can calculate uxe 
aDwrent molar volume of ^^rated uranyl nitrate (V^>  **?* 
giv^n organic solvent with the help of the following equa- 
tion? 

-.(lew WfJ/n«, tw^'iU^/D 'CW h't-eA'^H-i/P*        (7) 

where ay and mu are water amd uranyl »"»*%^f**^" Jfa.. 
the organic solvent, respectively; D-- the density of orga- 
nic solvent in the presence of uranyl nitrate; m| -- water 
solubility in organic solvent; D0  -- specific weight of or- 
ganic solvent saturated with crater in absence of urany* *u- 

trate" For this purpose, a graph is plotted showing the de- 
pendence of the first term in the right side ofEq.» vH <m 
S, , 2nd Yu i» determined by the i^olination angleof the li- 
ne  Results so obtained are shown In Table 2. from itsdata 
It appears that for the given homological series and going 



from a lower member to a higher» quantity Vu decreases. 
Comparing Vtt quantities for solvents In t&ichura- 

nyl sandte Is approximately equally hydrated, TO efieet 
o-P afferent molecule packing of organic solvent arcuftd . 
urariTl nitrate molecule is noticeable, causing the J^i«" 
reuce'in Tallies, of quantity ¥u due to a differant structu- 
re of the organic molecules. 

Conclusions 

1. It was shorn that uraayl nitrate distribution 
between aqueous solution and a series of ethers and esters 
is according Bqs (1) - (6). 

2      ErtttilJbriua constants of uraayl nitrate between. 
aqmeouB solution and a series of esters were determined. 

3. Activity coefficient© and apparent molar volu- 
mes of uxanyl nitrate in eoae ethers sad esters were de-. 
termined. 
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