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An asmmonium thiocyanate progedure for the colorimetric determina-
, tion of uranium bes been thoroughly examined with respect to errors in-
' hevent in the. analiytical method and possikle interferences due to other
eloments in our samples. HNodifications have been Introduced which havs
incroased the sensitivity considerably, the useful range going down to
45 micrograms of urenium with good accuragy.
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N Zptroduction

This work was based on the project report, MX<149 "The Determina-
tion of Small Quantities of Uranium in thaz Presence of Large Quentities
of Thorium and Small Quantities of Iren and Copper® by J. E, Currsh and
¥. E, Beamish (Ref., 1) and consisted mainly in %esting variocus modifics-
vlons of thelr method, In general we have found their procedure to be
fairly good,

The colorimetrie wethod for uranium snalysis most commonly used In
this lsboratory emnloys the eolor develupzd by sodium salicylate in an
acetate buffer (Ref., 2,3). However, besidss the anions that form com-
plexes with uranium, such as earbonate, phosphate, snd organic seids, ths
cations of iron, thorium, cerium, and rutnenium interfere. Iron inter-
feres to such an extent (1 microgram of ivon is egual tc 5 micrograms of
urandum) thet no iron-tontaining samples can be analyzed with this method,
Tith many samvles containing varying smoumbts of iron being submitted for
analysis, the need for a procedure free from iron interference is elesrly

" gvident,

In the procedurs outlined by Curran znd Beamish, the samle iz {irst
adjusted to either pH 1.5 or »H 1 (one should be chosen and then kept cone
stanb}. Stamnous chloride solution is then added to reduce any iron whick
may be present, (Perrous ion does noct form a colored complex with thioccye-
nate}, and a quantity of ammonium thiccyanate solution pipeted in to develop
the color. The mixture is diluted tco 25 ml, and commared with a blank solu-
tior in a spectrophotometer at a wave length of 365 my . During a thorough
test of this procedure, we noticed several sources of error and introduced
a number of improvements in the method, '

Crder of Addition and Lffect of Mixing

: We found that the order of addition of reagents to the sampls makes a
small difference in the transmission, A& low value for uranium contenmt s
obtained if the ammonium thiocyanate is added hefore the stesnnous chlorids,

W, M, Byerly noticed that a much more sericus ervor was introdused if the

sample was not sghaken wall after sach addition of resgents, Low and er-
ratic results are ohbained, psrticularly if thorough mixing after addition
of stennous chloride is omitted. Apparently = high local acid or stannous

. lon concentration destroys the thiocyznats ion and causes a higher transe

mission., As much as a 20% error in ursnium content for 3007 U was found
if the solutions were not thoroughly mixed. '

-
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Table I

The Effect of Mixing on Percent Transmigsion for 300¥ Uranium

Order of 2dditicn .  Kith gheking Eithout ghaking

$nCl, then NH,SCN 55.4% 62.0%
55.3 64,.8

NH,SCN then SnCl, 56,1 B

5603 ~ 65.0

Yaristion of Tronsmission with ¥avelength

The absorption curve of the uranyl thiocyanate system was taken on
a Beckmann quartz snectrophotometer and the results are shown in Figure 1.
In addition the family of curves given in Figure 2 and taken on the sans
instrument depict the variation of a standard curve with wavelength.

These curves show that the uranyl thiocyanate system devisies fwom
Beer's Law above 40030 et 380 mu and this deviation becomes more pro-
nounced at lower wavelengths, However, when similar curves are teken on
a Coleman Model 11 spectrop!otometer vith a FC-6 filter, 10V battery source,
and 30 mpas slit width, (Figure 3) the divergence from Beer's Law is nsgii-
gible st 360 @}L(the lowast convenient wavelength obbainable on the Coleman
Model 31) and in the opposite direction, For routine analybical purposes
this deviation from Beer's Law does noi affect the results since the method
bas been shown to be very reproducible. The reason why the Coleman Model il
does not show the deviation may be due Yo the relatively wide slit used in
that instrument. As sesn from tre absorption curve a 30 mat slit covers
cuite o range on the stesp slope where one hag to vork, From our experiments
it is seen that Beer's Law is fellowed wore closely at highsr wavelengths,
Since the 30 myg s8lit includes more of thege higher wavelengths than the
0.2-0.3 maq s1lit width vsed on the BDeckmenn instrument, the Coleman instra-
ment would bes expected to give a straighter line. The time intensificetion
factor (see below) was checked and fouad to have mo effect on the shave re-
sults. We have used 330 mum with the Colewan Hodel 11 for routine analysis
with good success. If better sensitiviity is desired for very small amounts
of uranium, lower wavelengths may be used. Though greater deviations from
Beer's law may be exnected at wavelengths lower then 320 mai, these still
may be advantageously used for analytical purposes. Due fo the grest ds-
pendence of transmissicn on wavelength, the setiting of a particular wavelengih
is very important.

)

o A O T tamsis it



-y

460 440 420 W . 360 0]

R 100 . ——. — W~} — " i o R
‘ ® ) . o \ \ 2
e 2 C S B T\ ———
80 e -~ am— i,;‘.
70 f— 5 —
§ " ,
) , o ' 5
,g : A - Blank compared with distilled water - AN
2 6 b B - 100 ¥ U, compared with| blank : N _ —] .
i C - 300 ¥ U, compered with blank ' T
1 e
50 [ PR
‘ — ‘ -; | D
! i 5 { i i -
460 440 . 420 400 - 380 360 40
Figure 1. ABSORPTION CURYES
Frocedure B. Beckaeun Specivophotossier -




% Transmigsion

70

50

30

X
ex 4 us

¥ Uranium
200 400 600 800 1000
{ ¥ ¥ ¥
Figure 2
& STAMNDARDIZATION CURVE
" Variation with VWavelength

Procedurs 3

Beckmann Spectrophotometsr

&
P i T e

P S S PP SINPPRELE N

R . e Y

3
"
B e ¢ PRI A T b ST R R R



% Transmission

70

30

15

cgm

_ Figure 3
. STANDARDIZATION CURVE

Varistion with Wavelength

Procedure B

Coleman Nodel li Spectmphotométer

360 A ) 380 'ﬂy&
J | ] iR
400 600 800 1000

~ & Uranium




‘9-

The Effect of Ammopium Tbioczangta Concentration , /

To improve the sensitivity of the procedure for small quantities -
of uranium, a higher concentration of ammonium thiocyanate was tried.
A graph showing the decresse in transmission by increasing the amount
of thiocyenate is given (Figure 4). The use of the higher concentration
(10m 8 M NH,SCK in a 25 ml volumetric flask) seemed worthwhile and
this system wés studied rather extensively. However, we found that under
these conditions Beer's Law does not hold around 10007 of uranium.

Stability of the Apmonium Thiocysnete System with Time

It was found that there is a definite and noticeable intensification
of the colored complex and blank with time. This rate of intensification
is shown in an accompanying graph (Figure 5). Thus to eliminate this .
source of error a time limit was set for the final addition of thiocyanate,
dilution, and reading of transmission, We adopted 1.5 min. as the standard
time for these operations and 1t was used in subsequent work. Using a lower
concentration of thiocyanate, (5.0/@1 8 M NH SCN added), the rate of inten-
sification is smaller and less emphasis is pfaced on time (Figure 5). Using
the lower concentration, an analysis should be completed within a half hour
in order to neglect the intensification factor. To simplify the preparation
of blenks for Procedure A, a stable colored solution (1.5 mg Cr*3/ml es
Cr(NO,), in 0.01 M HNO3) was compared to freshly made blanks and used as
a refgrgnce solution..

Stabllity of the Ammonium Thiocyenate System with Tempersture

The thermal stability of the uranyl thioccyanate system was also in-
vestigated. Up to about 40°C, we foynd no change in the transmission of sam-
ples in a 5 mimute period. Above 40 C, the rate of thiocyanate decommosition
becomes very noticeable. Thus under normal conditions there is no tempers-
ture eff ect ° ) 2

The Effect of a Longer Path and Smaller Dilutfon =+

We also used some arbitrary means to imorove the sensitivity of the

method to the utmost. In order to obtain a longer path than provided by

the normal 13 mm. matched cuvetties, we tried a set of Coleman 5 em. matched
horizontal cells (Ref. 4). Using the 5 cm. horizontal cells and a total di-
Jution volume of 10 ml a practical limit in sensitivity with respect to path
length and uranium concentration in the final dilution was obtained. Other
gvecial apparatus requiring specialized technique might be used but would be
inconvenient for routine analysis. Corresponding to the amount of semple
taken, a higher concentration of thiocyanate can be used with the 10 ml volu-
metric flasks to improve the sensitivity. Beer's law is followed with very
low uranium concentrations (4-5YU) in these 5 cm. horigontal cells.
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PERCENT TRANSMISSION VARIATION WITH AMMONIUM
ANNONTUW THIOCYANATE CONCENTRATION

Coleman Model 11 360
3008Uranium

The Lffect of pH

fccording to their report, Currsh and Beamish always adjusted their

samples to nH 1.5 before additlon of reagents but stated that pH 1.0 may
be more satisfactory, Ve used pH 0,9 and also investigated the whole pH
ranie.from strongly acid (below pH 0,2) to a region {around pH 2) where
Sn*%4 hydrolyses. Our pH values are based on the final dilution since this
should be a better value to use’ for compsrison. There was no essential
ph difference before and after addition of resgents at pH 1 and below,
Ve found no change in transmission when the solution is kept within the

1imits pH 1 to pH 0,2. Thus quite a range in acidity csn be tolerated
provided the solution is kept below pH 1. From an examination of the plot-
ted exnerimental points (Figure 6), it is noticed that above pH 1 the values are
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erratic and unpredictable. Colloidal metastannic acid is especislly
noticeable around pH 2, There is 2 disadvantege with working at high
acid concentrations in that the thiocyasnate is nttacked and decomnoses
with a color intensification. Ye found that up to 12 milliecuivalents

of scid added to a nearly neutrsl sample will not vary the transmission
appreciably. The range pH 1 to pH 0,2 sllows cuite a bit, of latitude,
and with experience no trouble is found if pHydrion paper is used to in-
dicate an apnroximate pH, .

The Elimination of Iron gnd Carbonate Interference

Ve found the stannous chloride solution recommended by Currsh and
Beamish to be very satisfsctory for the removal of iron interference ang
no other reducing ngent was tried in our lsborastories. Ve substantiated
their claim that 2 m1 of the 10% stannous chloride solution is sufficient
to reduce 2 mg of ferric iron, If more than 2 mg of iron are present,
more stannous chloride solution may be added. However, if more is added
a correSpondin? smornt should be added to the blank,

Since the solution is adjusted to a pH lower than oH 1, the eerbonate
ion 18 destroyed, We tried the effect of carbonste ion and found no inter-
ference, . N '

The Iffect of Thorium and Cerium

Thorium does not interfere in the thiccyanste method up to 1.25 g of
thorium in the 25 ml dilution, If a larger amount of Th is nresent; it can
be compensated for by adding a. corresponding amount to the blank as indica-
ted by Currah and Beamish, Very little thorium (2-3 mg) can be tolerated
in the sodium salicylate method so that for samples containing an unknowvn
amount of thorium, the thiceyan~te method should be used.

~ Cerium apnears to interfere\with the salicylate method but dofs not
affeet the transmission of the samles snalyzed with the thiocyanate method.

The klimination of lead Interference

A major disadvantege to the use of tre thiocyanﬂte method is that only
50 ¥ of lead can be tolerated in Procecdure £ (10 ml of 8 M ammonium thio-
cyanate) snd about 500 lead in Praocedure B {5 m1 of 8 W smmonium thio-
cyanate), For amounts of lead greater than this, 1 ml of 3 N sulfuric acid
is added to nrecipitate Pb0;. The solution is filtered tkrough a "F" sine
tered glass funnel into a 25 ml'volumetric flask by means of the avparatus
shovn in Figure 7, This vorked very satisfactorily and esn be applied to
any similar work where filtration into a volumetric flnsk is needed. Two
washes with dilute nitrie acid are sufficient to transfer all the uranium,
Stannous chloride and ammonium thiocyanste solutions are added, the mix-
ture diluted to volume, and the trensmission determined. This method has

been found to remove lead to such sn extent that if a standardization curve

is msde using the above technicue with ahont 10 mg lead, » straipht line
results (Figure 8). Very good reproducibility can be obtained. The
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method, has been checked with from 1 mg to 50 mg of lead with 50% of
uranium, and 100% to 1000¥ of uranium with 10 mg of lead. Within
the limits of experlmenta] error this method of lead removal is very
good. :

"S. A, Reynolds in this lsboratory hes found that lead may also
be removed by vrecinitating lead carbonate (Ref. 5). If the solution:
is too acid, it is partiglly neutralized with 6 N notassium hydroxide.,
Excess 50% potassium carbonate is added to nrecipitate the lead car-
bonate. The solution is filtered and the precip1tate dissolved in 2 ml
nitric acid, Excess 50% potassium carbonate is added to nrecipitate
lead carbonate again, Two washes with distilled water are made. The
reagents are added, the solution diluted to volume, and the transmission
compared to a standard solution. 7This procedure has been used with good
. success in our laboratories with no noticeable loss of uranium.

- The Eliminstion of Organie Matter aﬁd Hydrogen Peroxide Interfefence

. As might be\ expected, organic matter interferes if present 1n ap=
preci-ble amounts (15-20 mg.). However; it can be easily destroyed by
a nitric-oerchloric acid treatment., The sample is evaporated to dry-
ness at least once om a hot nlate (more nitric rcid evanorations may be
necessary if large amounts of organic .matter are nresent) and then evspo-
rated to dryness agein with 0.5 ml concentrated nitric acid, 0.5 ml dis- -
tilled water, and 1 ml 70% perchloric ecid. The residue is dissolved in
1 ml of 1 N nitric acid and the analysis contimed (Ref. 5).

The tolerated amounts of hydrogen peroxide are about 0,02 millimoles
and 0,18 millimoles for Procedures A and B respectively. If the sample
- happens to0 contein larger amounts,; the neroxide may be desiroyed by ro-
tating a nlatinum stirring rod in a hot dilute nitric acid solution for
5~10 minutes, dependlng on the amount of peroxide present

The Interference g_ N’olxbdenumg Rutheniug and Te11ur1um

A One of the serious interferences is molyboenum Only about 5"6 Mo
can be tolerated with Procedure i, vhile over IFVU will give an appreciable
eérror using Procedure B, :

Another of the interferences is ruthenium, . which cannot be tolerated
in amounts sbove 10¥. However, ¥, M. Byerly has found that excess amounts
. can be removed as FuQy.by evaporating the solution to-dryness vith 1 ml.

70% perchloric acid added. The residue is dissolved in 1 ml 1 N nitric
. acid and the snalvsis continued,

Tellurates do not interfere in the tliocyanate method but tellurites
cannot be present at ell since they 2re reduced to metallic tellvrium.
Tellurate ion seems to be falrly stable in the stannous chloride solutlcniﬂg

-
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Table II

Meximup Allowsble Auounts of Interfering Substances in the
Wmmmw

Sub c? ' " Procedure A Procedure §
%00~ - s 7 107
Ru*3 107 107
P*2 50 ¥ s00 ¥
H,0, 0.02 mmol. .~ 0.18 mmol.
s0,% . 2 méq. 2 meq.
et 1000 ¥ 1000 ¥
§1#2 | 1000 b’ 1000 7

No apprecisble 1nterferenca w 5 in experimgnts

with 1 mﬁ amounts of Th*4
- Y*3, 2r® Be°‘2 Fe*3, Te Br R I s or 103 R
. The ammonium thiocyanste procedure has been shown to be very re-
producible with not many interfering substances. Though it easily elimi-
nates ferric iron; which cannot be tolerated in other methods, it is
subjedt to other interferences. Molybdenum and ruthenium cause serious
interference and not much sulfate can be tolerated. On the other hand,
thorium, carbonate, and cerium heve 1ittle effect on this method. The

volume of ammonium thiocyanate added is critical snd the wavelength sSet-.
ting mst be watched closely.

By using a 10 ml dilution volume and a 5 cm, nath length, much
better sensitivity is obtained for very small smounts (5-10 ) of uran-
fum than with a 25 ml dilution volume and 1.3 cm. path length, If still
smaller smounts of uranium need to be determined, the analyst can go to
lower wavelengths but this narréws the range of the method. For general
routine analysis Procedure B is probably more useful but if other things
are equal smaller amounts of ursnium can be detected by using a higher con-
centration of thiocyanate (Procedure A)., The procedures are adapted to
auick and accurate (* 2%) analysés provided there are no seriously inters
fering ions present. Four samples in duplicate can be analyzed in about
30 minutes if no interferences are present,




A Reagents and Apggfg&us

- Ammonium thiocyanate golution: 8 M NH SCN, €09 gm. resgent grade
smmonium thiocyanate éissolved in distilled water,
: diluted to 1 liter, and filtered through a "F" sin-
‘ : ‘ tered glass funnel° ‘

Stannous chloride solution: 10% by weight, 50 g cnCl 2:2Ho0 dissolved
in 50 ml conc, HC1l and diluted to 500 ml, This should
~ be filtered through a "F" sintered glass funnelo

Hydrochloric acid: 1 N HCl, C.P. concentrated hydrochloric acid di-
luted to volume, .

Potassium hydroxide solution: 1 N KOH, reagent grade potassium hydroqu
. 1de disesolved in water and diluted to volume,

. Spectrophotometer: Coleman Model 11 with a PG-6 f1lter and & 10 ¥
v ‘ : battery source. '

- Cuvettes: Coleman 13 mm. square or round cuvette sets, .or.5 em. hori=-

E . zontal cell sets. These should be perfectly clean and
. . matehed, ' .

Recbmmended Procedures

A._ 50800 micrograms U Renge

1) Pipette an aliquot of the samnle solution into a 25 ml
_volumetric flask,

2) Adjust the pH of the solution to a value between pH 0.2
and pH 1,0 with 1 § HC1 or 1 § KoH(e),

3) Add 2 ml 10% SnClz.solution end shake wello(b)
©4) Add 10.0ml 8 M NH4§CN end shake well immediately.( c)

. o 5) Dilute to volume and immedistely ?gypare(d) transmit-
: o tance with a blank(e) at 360 M4 o

B, 50=1200 micrograms U Range

" Same as A ex?ggt in 4)., Add 5.0ml 8 ¥ NHLSGN and shake well
immediately. o :

P
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C._ 5-150 micrograms U Range' o _ i

Same as A exceot that a 10 ml dilution s made and the matched
5.0 em. cells are usaed to compare transmittances. The volume
of reagente added ;re modified accordingly.

) 1m 10% Sn012 solution.
(2) 2.0 ml & '} NH£§CN solution., B . 3

Notes: a) With experience the anelyst can use pHydrion paper.

'b) A 2 ml dropper can be used since a ¢ 10% error can be tolera-
- ted, ‘ ,

¢) A buret or pipet ahould be used as only a s 4% error‘can be
T vermitted.

d) This should be compared immediately since there is an intens-
ificetion of color with time. A refersnce solution of 1.5
mg Cr*3/ml was found to be éat isfactory so that there would
not be an error with the blank' fadmg° This reference solu-
tion should be comnared as often as necessary with true blanks -
made up and immediately compared.

e) A blank is made up with 1 ml of 1 N HC1 nlue the added rea-

gents, o
£) 360 mau was about the lowest we could go on our spectropho-
~ tometer and still cover the range satisfactorily. See the
discubsion of the weve length setting in the renor'b° This
setting must be watched closely.

g) With the low ammonium thiocyarate concentration, the accuracy
of the volume geliverad becomes more important with a toler-_
ance of about = 2%, The use of a 5 ml pipet rather than s
buret is recommended.
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