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A mothod which is relatively free from both anionis and cationic
interferences has been develop.d m-‘zu-g-m of uranyl ion.

About cne hundredth of a milligrem of urantus per milliliter will develop

en abscrbance of about 0,20 in one centimster cells, mmm

index is M”Q). Relatively large smowits of eopper, mirconium,

tin, mercuty, -ﬂmu nlhu, nm, acetate, chloride and mitrate

do not interfere., More than unit molar ratiocs of foreign ion/uranyl ion

nay be presest, Af the foredgn ion s flusilicate, phosphate, citrats,

nckel, chromium and iron, lead, ccbalt, and mlybderum interfere at low

ocooentrations, < T%:;
mMMuMwa.x.mmr.x.

Soantsh)) and others(2:3) hes relatively high sensitivity and fresdom

from cation interferences. lHowever, anion interferences have severely .

uuummnuun\ozmm Other spectrophotometric methods

for urantn'®5%6) have been exanined 1n this lidorstory and found b

require excellent separations of irom, copper, sirconium, and many other '\

interfering catims. A tharosgh, 1nvestigation of the thiccyanate methed ’J,\”*'\
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inficated that very good results (0.5 per cent) could be cbtained at
J‘IST using fresh aqueous ammonium thiocyanate solutions and using
several drops of 10 per cent sodium thiosulfate to reduce interfering
traces of iron. Stannous chloride, in the presence of uremium and
axmonium thiocyamate in vqueous solution, as used by Currah and Beamish,
was found to generate an ma@mm:‘ls-r.mﬁ-m
too serious when the ammonium thiocyanate was fresh, but became large as
the ammonium thiocyanate solution aged, It was found that if sodium
thiosulfate were used to reduce the iron interference the ammonium
thiocyanate solutions could be used for a week as cpposed to about a
day when reduced with stannous chloride, The use of amber bottles did
not decrease the aging effect of the ammonium thiocyanate,

uthouhmgoodmnlummbobuudmorum
conditicns, the above method fail<d in extrems cases where large smounts
atmmnmdnuummo‘nt'vdthm-. The conventional
ether extraction of the uranium from on aluminum nitrete salted solution
failed to give systems free from fluosilicate, Thie substance caused low
results when present at a concentration of about 104 molar range in the
final solution (see Figure 5).

Thus, for the purpose of cbtaining a medium which would elimine
ate the anion interferences and yet retain the original sensitivity and
freedom from cation interference, the suthore turned to a systea of lover
dielectric constant in which the anions would be in a non-iondc form,
In such a system cnly the stronger acids vould remain fully ionised, thus
minimising anion interferences, Thiocyanic acid falls into the class of
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very strong uu."'v” and the concentrati .n of tho thiocyanate ion
would not be expected to decresse apprecisbly. Also, the use of a
pmnngm-u.mumuummmmmv
of the urenyl-thiocyanate complexes, The former effect would effece
tively remove from soluticn mu. . negative dons which compete for the
coordination positions sround the wranyl ion, but the latter might be
expected to increase other cationic interferences.

The use of an acetons water media did, in fact, lead ¢o a
marked decrase in anion interferences and an increased absorbance
index at lower thiccyanate concentrations, The use of acetons ina

somswhat similar manner has been reported for ooba1t(9+19) 44 gren()
thiocyanate,

Reagents |

' Amonium thiocyanate, reagent grade, Baker and Adamsoo,
Acetone, reagent grade, Baker and Adamson. Saturated with

amonim thiccyanate at room temperature (3.25 - 3,50 X). :
Stannous chloride, reagent grade, Baker and Adamson. Ten

grams dissolved in ten mi11iliters cancentrated hydrochloric acid,

diluted to one-undred mdl1d1iters and flltered through Whatman L2 paper.
Standard solutions were prepared from U. S, Bureau of Standards

U303, MS-ST. |

Comcentrated sulfuric acid, reagent grade, Baker and Adamson,

A \(\l\ : 5



Apparatus

The Beckmy Model DU Speotrophotomster was used for the
urenyl ion analysis, Absorption spectra were obtained with the Cary
recording spectrophotometer, Model 12, with the tungsten light sourve. .
The cbserved deviations of the abscrbancy on the two instrumsnts using

identical eolutions was 10,002, Quarts cells were used throughou. this
work,

Procedure

A convenient sample sise was selected to give a final urerz )
1on concentration of 1.5 x 107 ¥ (0.9 milligrans U/25 milliliters),
This concemtration will give an absorbarve of about 0,60 in one centi.
meter oells,

Samples were pipetted into & sanll flask and one milliliter
conoentratad hydroohloric scid and ome-bhalf wi111liter of concentrated
sulfuric acid added, The sample was heated cn a sand bath to the
appearance of dense white fumes of sulfur trioxids, cooled and diluted
with a fow milliliters of water and transferred to a twenty-five milii.
liter volumetric flask. No pH adjustment was necessary. Tweaty drops
(approximately 1.0 milliliters) of 10 per cent stennous chloride was
added, followed by fifteen milliliters of acetone saturated with ammonium
thicoyanate (3,25 = 3.50 M), The solations were vell mixed after each

addition, The final soluticn was diluted (o twenty-five milliliters
with distilled water,
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Precipitates tended to form on addition of the acetone, dut in
al) cases they redissolved om addition of water with the dewalopment of
the correct color. Precipitation, however, can be avgided by bringing
mmammmumumnmolmqum
of the acetore solution,

,ﬁmmuwm-aoummmuam
centrations of interfering ions, The solution was adjusted to 1.8 M
aluninum nitrate and 0,75 N nitric acid, Three extractions were made
using 2/1 ether-aquecus volums ratics. In the solutions containing lrvge
smounts of fluoride (5-15 M) an additional smount of aluminux nitrate was
Mummm. Sulfate ion interfered with this extrection.
The fimal ether solutions were collected and evaporated over water. MNixed
hydrochloric-sulfuric acid was added and the nitric acid removed by fuming,
The fimal sulfuric acid solution was then handled as directed above,

mmmmuw.mmmw.u?s* A
blank ws prepared with 0.5 milliliter concentrated sulfuric acid, twenty
dmmmmmm.ummnnuu-&tm-.
thiocyanate solution diluted to twenty five milliliters,

Standard curves, sbsorbancy ve uranyl concentration, were plotted
using uranyl standards prepared from the MS-ST gravimetrio standard, Beer's
Lav vas obeyed in all cases within the limit of error of cbservation
(see Figure 1), Comcentration of the thioccyanate solution by evaporetion
of acetone must be avoidad and mew thiocyamte solutions were restandardised.

4
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Cationic Interferences

muzmm«mmmmw. The
abeorption data i the thicoyenate-scetons medims used 1n this work
are not well known and, therefore, scans of other ions are shown in
Figures 2 and 3, It is evident that in some cases greater freedoa from
interference may be cbtained by shifting the waveleagth used, Zirconium
vas the only element tested which caused large deviations from Beer's lavw,
the interference depending somewhat on the previous treatmen’ +f the added
wt-. Cationic interferences were tested using the o r-?ﬂ procedure
exoluding ether extractions. ¢

Many of the cation-thiocyanate complexes flyy esce when irredi.
amumnmdnwjm*whu,dcummunm.
if the lower wavelengths are used, Figure | shovs this fluorescence with
a pure uranyl ion sclution, When the solution was closest to the phototube
the maximum amount of fluorescent light was received, decreasirg the ab-
sorbancy and givirng the false peaks shown in Pigure L, Appreciable
fluorescence of soiutions has not been observed whenm working at wavelengths
3501101';:‘:00:. Aged thiocyanate solutions showed increased fluorescence.
Anionic Interferences '

Table II summarizes the anionic interferences tested. These

tests were made using the standard procedure, exsluding ether extraction,
The lack of appreciable anionic interference is the result of the media

adopted, the acetone decreasing the strength of all the acids maricedly,

Also, the acetone media increases the stability constants of the uranyle-
w complexes. |
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Sulfuric acid vas selected for use in the standard procedure
limitnffotbadmhuyhbﬂul“wwof.mu
e reproducible state by fuming. However, if the sulfuric acid concen~
tration exceeds 1.2 N in the final twenty-five milliliter voluss, two
phmuilappur. The interference of the fluosilicate ion was the
most difficult to prevent in an aqueous media since it combines the
mdlManfaMMMmun
. relatively strong acid, Also, no appreciable separation of fluosilicate
and uranyl ion can be made by ether extraction., Figure S compares the
{aterferense of flassilioate in the aqueces and soetous media,
Precision and Accuracy of Method

Over u hundred analyses for urenyl ion bave been nade in this
‘laboratory on & wide varisty of solutions ringing from 207 to §'x 1075
mlar in uranim. In routine work with the Beckman model B instrument
the standard deviation in precision was '0.75 per cent and deviations
from calculated values based on the MS-ST standard indicated that the
standard deviations in accuracy were the same magnmitude, The Beckman
mmdﬁmm&anMWMMﬁb
wﬂgmotﬂdﬁh@hmidonmdmmoth&maﬁ.
These dita were cbtained by thres different operatars on about twenty
saxples. These data are shown in Table IIT.
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Table I
CATIONIC INTERFERENCES AT 375 m, 1.00 cm, CKLLS

Amlytical procedure carried
out as outlined in text.

ﬁw Ca

~ Cation/uranyl

Cation ratio giving ratio w :

Added no eITore FAL ) Remaris

g "™ ) - Precipitates formed on addition of
SnCl, and redissolved on shaking or
upon addition of thiccyamate so’ution,

pob #oe 0.5 2.0 More iron can be removed by using more

LA ; than 1 al, of 10% SxCly as called for

in the standard procedure, ;

mt? 2,0 10

or 20. - 80

Mot 310 =

Cut2 e 5.0 20

’r 50 200 These errors apply to Zr sulfate
complex. With Zr fluoride complex
erratic results and somswhat more
interference was obtained,

Al 250 1000

S 0.50 2.0

cot? 0.50 2,0

satl ' -

10
Limit of detection was ¥0.002 absorbency unit.
%

&
% Determined at unit absorbance forunw‘lia(ui.Sxm"l‘l).
L these ions are redused =

following the standard procedure

11712 :




Teble IX
AmnmmmnrmT,l.mu.m

ratio giving ‘ratio giving
oerre?  Wewor Remarks
5000 - The various oxides of nnrqwn,lﬁ
mm: mo. 'NMW
5000 - large amcunts of sulfuric acid, >1.23

N, csuse tbe acetons aquecus system to
separate into two phases,

1000 -
100 200 Precipitates formed on standing at -

: higher concentrations, Negative error,
190 - Higher concentrations of NeOAc caused

the formation of a white precipitate
vith SnC)p ir the acetons medium,

1000 2000 Mﬂnmﬁhmd
’ oitmuldttB‘IST.

25 - Higher concentrations were not tested
. because of increased danger of etohing
of the cells,
1000 - #o mixed CNS - X‘oqlnum

observed. il

10 - Su-u!h"(mhbhl).

1.0 1.0 Sane as CrHtt (see Table I).

0 - ' WWSmmo{um-

fomnoumo

® 1imit of detestion was 10,002 absorbancy umit,

Ar -\ " "u’-
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DABLE III

TESTS O THE PRECISION AMD *ICURACY OF THE METHOD

O THE BECEMAN MODEL DU SPECTROPHOTOMETER

OBSERVED
MOLE/L
URANIUM

. T.47 810'3

7.2 x 10‘3
10” 2 10.3
T.Uv x 10"’
754 = 10'3

1.423 x 1070
1-h25 b 4
1132 x 104‘

1.k21 x 108

L0 x 164‘
1.135 x 104
1.125 x 2074
lom b 4 l.o-b
1133 x 107
1436 x 14

CALCUIATED STANDATD
MOLE/L DEVIATION
URANTUM PER CEMNT

7.52 2107 0,65
7.52 x10° 40,00
152 = 10.’ <040
70” X 10"’ -0.55 :
1052 X 10'3 $0.30

128 x0% .0.38
1428 x lo:t 0.00
1.428 x 10 $0.30
lom b 4 10'1‘ ‘0050

lom b 4 10"‘ : ‘o.m
.428 x 1078  30.50
lOm x m‘h ‘OQN

WL x0d o

1.428 x 2074 30.3
1128 x 20 20

COMPOSITICN OF SOLUTIONS

Solutions 1 - 5 contained
uranius with chromiua

10/1 and fluoride 1000/1.
The solutions were extracted
before analysis. Standard
deviation = 0.40%,

MS-ST Oruvimetric standard
pure uranyl perchlorats
solutions analysed with no
ether extraction. Standard
deviation - 0.35%,

M8-T Gravimetric standard
solutions analysed with mo
ether separation. 1000/l
fluoride, 10/1 flucsilicate,

2/1 chromium, 2/1 copper.
Standard deviation 0.358.
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