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Abstract
The solubility of the solld, U0glgly*xHo0, was

| measured at various acid and urenyl nitrate eoncentra-
tions. The results of the measurenents prove the
existence of the uranyl oxalate ecmplex, Ulglel4s in

solutions containing excess Uoga.




The Solublility of Ursanyl Oxalste and the Existence
of Undissoclated Urenyl Oxslate in Solution |

The soludility of UCz0p04°xHgl0 was messured at several
nitric acid sonsentrations and several uranyl nitreve conoen-
trations. From the limited influence of aoid concentration
and uranyl nitrete concentration on solubility it was
eonsluded that nearly all of the oxalate in solution was
in the form of the uranyl oxalate complex, U0g0y0, (or
(V0gCe04) 5 )

The composition of the solid phase (ursnyl oxelate)
present in the solubility measurements was determined.

- The precipitete wes obtained from & solution 0.8 ¥ in
| urenyl nitrate, 1.0 % in W0z and 0.08 ¥ 1a My030,. The
solid was sucked dry on a sintered gless filter and then
disselved im 6-7 ¥ HNOge Bqual sliquota were taken for
oxalate titretion with Cé" “(see delow) and for tgnition to
Ug0ge In the third experiment the preciplitate was washed
with & solution 1.0 ¥ ia HNOz snd 0.8 ¥ in Hg0g0, before
dissolving. The results are given im Table 1. They indi-
cate that the solld phase is UUyCu0,*xfiy0. (The only
Y hydrate listed in the litersture is the trihydrate).
Susntitative tisration of the total ocxalate™ present

in solutien was usod tc~n9ulnro the tolubllity of ursanyl

T R e e 3 T e e o

*Tctal oxalate 1nclud¢a that in any urunyl oxaléte complexes
as well as Hglply, ete..
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TABLE 1
CUMPCSTITION OF URAKYL OXALATE PRECIPITATE

“Expt. Egus. Uglg Colg~conc, Hatlo 4» Remearks
No. per 5 coc. moles/l. moles U0§*
solution moles Cs0F
1 1175 0.0774 1.073 This solution

exposed to day-
light for seve
aral hours.

2 63.4 C.04241 1.068

S 47.2 0.03481 0,978 Precipitate washed
with NCz-Hglaty
solution.

oxnlates Ceriec titrimetry ug proposec by G, o Smlth(l)
proved applioadble, i satiafanta= tftration is ohtalned by
wdiing an excess of standord smmonlum hexanitratocerute
soluticn, heating &t 50-60°C, for 10-15 minutes, and back
titrating the excess ocerate &t room temperature with standard
ferrous exmonium sulfate zmoluticne Hitro-ortho-phenenthroline
ferrous sulfate (nitrc ferrcin) glves en essily discernible
color change in the presence of U.2 ¥ urenyl nitrate, which
wes the maximum end-point concentrution of uoEEusea. The
direct titratlon of oxalate with armonium hexasnitratocercte
in the presence of uranyl ion geve a fading end point. This
was &t least partially due to an appreciable amount of reduc~
ing material in thi uranyl nitrate. This reducing material
necessitated correoctions in all calculations. The blank
titrations were sinxllar in every respect tc the ususl

titration exoept that no oxalate was udded.




The ceric solution was made 1.5 ¥ in HNOy as direoted
by 5. 7. ﬁuith(z) to ensure stability. Sodium oxalate was
used as a primery stendard., The ferrous solution was
cheoked dally agalnst the standard cerie solution.

The solutions under investigation (0.25-1.0 ¥ Udgé
0u5=2,C M HNOg, 0.,015-0,020 ¥ HsCply) deoompose when exposed.
to lizht, It wae experirentally verified that four hours
exposurs to very strong asrtificiel light wes sufficlient to
reduce the titer 5-10% in a sclution 0.5 ¥ in UGp(NCgz)o,

1.0 ¥ in HANOg, and 0,020 M in HpCal4qe No deccmposition was
observed on & duplicete sample left in the dark for seven
hours before titration. In some of the early experiments
the samples withdrawn for analysle were exposed to light
for some time defore delng titrsted. All values fron
gsamples that had more than an hour and & half of exposure
vere discarded. Thereafter, All sclutions wvere left in

the dark while awaiting titration, allowing cbout ten
minutes exposure durinz withdrawel. This precaution elim-
inated the fluctuaticns previcusly obaerved and dbrought the
deviations down to less then C.5% on later semvles. No
precautions were takem t¢ shield the soluticns in the
thermoatat, since the rate of decomposition due to exposure
to lizht i3 very smsll compered to the rate of solution cof
the uranyl oxalats.

Tc be certain that equilibrium was estadblished, the
aolubility was determined buth from the supersaturated and

the unsaturated side. 7The urenyl nitrate and the nitric




acld were first nixed and bdrought to the correet temperatums.
Then either oxalio aecic or solid urenyl oxalate was added

in order to approach the equilibrium by preeipitation or by
solution of the sclid phase, Solld uranyl cxalate was pre~
pared by precipitation from & solution similar to that in
whioh it was to be used.

The solubility data are presented in Tsble &i. Indlioated
with eaoch oxalate concentration is the elapsed time between
the stert of the experiment and withdrewal of the sample,
The average oxalate concentration for esol experiment is
given along with the average deviation.

In all experiments samples were removed from the goluy-
tions at varying times until ne “urther change of solubility
was observed. It san be =sea in Table 2 that equilibrium
is repidly reached from the unsaturated side and is fairly
rapidly estadlished ir the superseturated solution after
erystalliszation degins. Crystellization in the first
oxp.rilnnt'cotnlllr comnmenced bhetween 2 and 3 hours after
mlxn&gudr the selutions. Purther, it is scem that truw
oquilibrium was odtained as doth sets of data approuch the
same value for the solubility.

In Table § the solubility walues obtained in each pair
of experiments (starting froc. opposite sides of equilibrium)
are averaged, The results are arrenged to show the effect
of uranyl nitrate concentrstion, nitriec aclid concentration

and temperature.
The results shown in pasrt I of Table $ lead to the

surprising oonclusion that over a four fold change in the
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TARLE 2 R/

SCLUBILITY UF URANYL GIALATE ;
Urenyl oxalate preciplitated Urlnyl oxslate dissclved

+2 W attaln oquiu!iim |
UGz “eonc. ENG Temp. GStolchio- Average stoioh o= verage
at equilid. eond. og. metric ox- for oxalate metric ox= for oxalate
moles/l. woles/l. alate conc.equilid. cone. alate cone. equilib, conc.
moles/1. hra. woles/l.  moles/l, - hrs, moles/1,
049 1.00 24,95 0.01724 [ 3 O 01708 0.01703 1 0.01704
to.02 0.,01724 7 Y 0.1% 0.01699 2 To.48
0.01692 9 0.01898 149
0,01715 65 0.01827* 178
0.01671 178 0.,01720 17¢
| 0.01698 218
0.24 1.00 24,99 0,01723 149 0,01717 0.01716 1l 0.017
to.02 0.01721" 17e i.o.i.t 0.01711 3 '*_‘0.&;1 :
0.01708 218 0.0171% 125
0.01671% z18 0.01729 151
0.01%722 242
0.01732 242
0.49 2,00 24,95 0.015%94 183 C.01591 0.01681 142 0.01583
*o.02 0.015886 125 T 0.4 0.01871 187 *0.58
0.01581 147 0.01593 290
0.01604 270 0.,01587 290
0.01591 270
0.49 0.%50 24,98 0.01%85 140 C.01779 0.01814¢ 23 0.01809
30,02 0.01784 140 T 0.5 0.01805 143 T o.28
0.01773 184 0.01808 143
0.01993 184
0,99 1.00 24.05 0.01670 140 0,01664 0.01899 20 0.01079
+0.08 0.01672 140 t0.6% 0.016871 141 To.6%
0.01851 163 0.01872 141
0.01675 183 :
0.49 1.00 32,0 0.02018 138 C.02018 0,02052 138 0.02048
0.02022 164 0.,02046 164
0.49 1.00 50,0 0.03115 73.5 0,03124 0,03124 73.5 0.03104
¥ 0.3 0.05184 73,8 ro.38 0.03084 23.5 ¥ 0.68

*Not included in average due to large deviation.




TADLY 3
SULMARY OF UPo0o0g SOLUBILITY EXPERINERTS
I, Effeot of Urenyl Hitrate Coneentration
(EMtz)  1.00 moles/l.
Temp.  24.95° T 0.029,

(udza) 0.24 0. 49 0.99
{Total 0.0172 0.0170 0.0187
oxalate)

II. Effeot of HNOy Gonocentretion
(Udgz) O.49 moles/1;

Temp. 24.98° £ 0.02%,

(HNOS) 0.50 1.00 2,00

(Total oxalate) 0.017¢ 0,0170 0.0159
I1I, Effect of Temperature

(Ud;z) O.49 moles/l.

{ HNOg) 1.00 moles/l.

Temp. 24,95 32.5 80,
*0.02 *0.2 20,

moles/l.

roles/l.

zoles/l.
m1“/10

o
°c;

(Total oxalate} 0.0170 0,0203 0.0312 moles/l.




uranyl nitrate concentration the solubility of uranyl 9

oxalate varied by less than three percent. 4ilso, a four
fold change in nitric aold osonocentrstion produced only &
1254 change in the solﬁb&lity. These faota seerm bhest
explained by the assumption that nearly all of the oxalate
in solution is tled up by ursnyl ions as & uranyl oxalate
complex of the formula U0, Cplg (or (U0ylpl4ly); if this is
oase, the nitric s&cld and uranyl ooncentraticns would heve
no effeot on the sclubility except for ionic strength
effects,

The stabllity of thils uranyl oxalate coxplex is remark-
able, but 1t should be remembered that the solution always
ocnteined & large exoess of uranyl lops. At smaller
concentrations of uranyl ions, the cumplex would tend to
dissociate; at high ozalic acid ocncentrations and low
aoldity, higher ocomplexes would probably forme

It is interesting to note that the high solublility of
undisscoiated urenyl oxalate sets & rather high limit to
the minfimuxr totzl solubility of the compound in agueous
solutiocn. Thus at 25°C., under any oocnditions, the
solubility must be at leant 0,017 moles/liter if the same
solid phase us used in the above experiments 1s present.

A searoch of the literature reveals thigs to be the ocase

except for small deviations due to zalt effects,
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