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s P B C T R O P H y r c r m i c  d e t e r mu u a t io h  o f  u a m m

H I  T H IO C IA H A T E  M ETH D D  U S  A C E T O H h  M E D IU M

C a l l  E . C routhm aol and C a r l  I .  Johnson  

A B O O M *  i n m  L A B O R A T O R T

U /0  2 2 492  

3 8 8 4 7

5 3 3 5 2

A B a t te d  w hich l a  r e l a t i v e l y  f r e e  tram b o th  a n io n ic  and  o a t lo n lo

in te r f e r e n c e s  t e a  b a tn  d ev e lo p  jd  f o r  t t e  do t e n d  n a t io n  o f  t t r a o j l  ion*

U
A bout ona h u n d re d th  o f  a  a U H g r a *  o f  a r a a t n r p e r  a l l l l l l t a r  w i l l  develop  

an  tb ao rb an ca  o f  ab o u t 0*20 l a  ona c e n t im e te r  c e l l s .  Tha n o l a r  abao ibaaoa
f

i n k s  l a  s p p ro o d a a te ly  3850 . R e l a t i v e ly  la rg e  anounta o f  coppar*  d r e c n l u n ,  

t i n ,  a a rc u ry , n an g an eee , e c l f a t e ,  f l u o r i d e ,  a c e t a t e ,  o h lo r ld a  aad  n i t r a t e  

do n o t  i n t e r f e r e .  Mora th an  u n i t  s o l a r  r a t l o c  o f  f o r e ig n  lo n /o ra n y l  io n

nay b e  p r e s e n t  I f  t t e  fo re ig n  io n  l a  f l u o e i l i c a t e ,  p h o s p h a te , c i t r a t e ,

f f  'V.
n i c k e l ,  ohroed.ua a a d  i m u  t e e d ,  c o b a l t ,  and n o ly b d a n w  i n t e r f e r e  a t  l e v

c o n c e n tra t io n s .

The th io c y a n a te  B i t t e d  a s  d ev e lo p ed  by  J .  E . C u rra h  a a d  F . I *

^  aa d  o th a re ^ 2 ^ )  h a s  r e l a t i v e l y  h igh  a e n s i t l v l t y  a a d  freedom  

tram c a t io n  l n t e r f e r e n o e s .  However, a n io n  ln te r f b r e a o e s  have s e v e re ly

*
H a l t e d  th e  a p p l i c a t i o n s  o f  t h i s  a je th o d . O ther a p e o tro p h o to a e tr io  a e tb o d i  

f o r  a r e n l n a ^ 1^ ^  have b een  e n a d n e d  i n  t h i s  lu b o ra to iy  and found to  

r e q u ir e  e x c e l le n t  s e p a ra t io n s  o f  I r o n ,  co p p e r, s l r o o n i w ,  and  a n y  o th e r  

I n t e r f e r in g  c a t i o n s .  A th o ro u g h  i n v e e t l g a t y o u p t  t h a  th io c y a n a te  aa th o d
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indicated that vary good result* (to.$ per oent) could be obtained a t 

37$ using fresh aqueous ammonium thiocyanate solutions and using 

several drops of 10 per oent sodlua thiosulfate to reduce interfering 

traces of iron. Stannous chloride9 in the presence of uraxdui and 

ammonium thiocyanate in vqusous solution, a t used by Currah and Beamish, 

was found to  generate an interferenoe peak around 37$ ap, which was not 

too serious when tbs ammonium thiocyanate was fresh, but becana large as 

the ammonium thiocyanate solution aged. I t  was found that i f  sodlua 

thiosulfate were used to reduce the iron interference the um aalm  

thiocyanate solutions could be used for a week as opposed to about a

day when reduced with stannous chloride. The use of asfcer bottles did 

not decrease the aging effec t of the aanonlua thiocyanate*

although very good results could be obtained under ordinary 

conditions, the above nethod fau*d in extreae cases where large aaounta 

of fluoride and fluosilicate were present* with uraniua. The conventional 

ether extraction of the uraniua fren atn aliadnun n itrate  salted solution 

failed  to  give systems free f r a  fluosilicate* Tbit substance caused low 

resu lts when present at a concentration of about lcH* aolar range in the 

fina l solution (see Figure $)•

Thus, for tbs purpose of obtaining a mediun iblch would ellain* 

ate the anion inter fa rtnoss and yet retain tbs original sensitiv ity  and 

freedom from cation interference, the authors turned to a system of lower 

d ie lec tric  constant in  which the aniona would be In a non-ioedo fora.

In auch a system only ths stronger acids would remain fu lly  ionised, thus 

minimising anion interferences, Thlocysnlc acid fa lls  into tbs class of



very strong a c id s ^ * ^  sad the  concentrati >n of the thiocyanate Ion 

would not bs expected to  d se rts ts  appreciably. Also, th s  uss o f a 

p a r t ia l ly  aon»aqoaous asd la  night bs sxpsotsd to  lneroass ths s ta b i l i ty  

o f tb s  nraigrl^thioaysnats complexes* Tbs fo rn tr  e ffe c t would e ffec ­

t iv e ly  m o s s  from so lu tio n  s k  . negative ions which osnpsts fo r  tb s  

coordination positions around th s  uraxqrl io n , but tbs l a t t e r  n igh t bs 

expected to Increase o th er eationio interferences*

Tbs uss o f an acetone water nsdia d id , in  fa c t ,  lead to  n 

narked dear/ ast in  anion Interferences and an increased abaoxbanoa 

index a t  lower thiocyanate concentrations « The use o f acetone i n  a  

•oanrhat s lid  U r  uum ar b u  bMn reported fo r  oobalt^9*10  ̂ tad  i r o J U ) 

thiocyanate*

R—d»ta

inm nlaa thiocyanate, reagent grade, Baker and Adtneco*

Acetone, reagent grads. Baker an i Adamson. Saturated w ith 

aanon lun thiocyanate a t  zoos tanperature (3*25 -  3*50 H)»

Stannous ch lo ride , reagent grade, Baker and Adanson. Tan 

grane dissolved in  ten  n i l l i l i t e r e  concentrated hydrochlorlo so ld , 

d ilu te d  to  one-hundred a i  11111 tore and f i l te r e d  through Vhataan 1*2 paper* 

Standard so lu tions were prepared from U. S* Bureau of Standards 

O3O3,  HS-6T.

Concentrated su lfu ric  acid , reagent grade, Baker and Adaason*
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Agfataj

Tbs Baflhnr< Model DO Spsotropbotoastsr wa used tor tbs 

uranyl loo analysis. Absorption spaotra wort obtainod with tho Gary 

recording spectropbotomter, Nodal 12, with tho tungsten light soaroa. . 

Tho observed dewlatiooo of tho absorbancy on tho too inotrwMBte using 

ltatlosl eolations was *0.002, Quarts oolls wort usod throughout this 

work*

Prooodaro

A oonwenlsnt ssaple sits vaa aslootsd to giro a final unt^’X 

Ion oonoontratlon of l.S x k H* M (0.9 ■Llllgraaa 0/25 alllilltors) •

This oonoontratlon will glta an abaozbanoa of about 0*60 in ooa oaoti* 

■star calls.

Bonplao won pipottad into a snail flask and ona aillllitsr 

©onoentreW hydroohloric sold and one-balf *011111tor of oooocntrutad 

•ulfurlo add addad. Tho a tapis was baa tad on a sand bath to tba 

appearance of dansa wdta funss of sulfur trioddn, ooolad and diluted 

with u fan nUlilitsrs of vatar and transferred to a twenty-fit* dill* 

litar Toluaotrio flask. Bo pH adjustment was nsosssazy. Twanty drops 

(tpproori Italy 1.0 nlllilitara) of 10 par osnt stannous chlorlda nan 

addad, followed by liftssn nlllilitara of act tons Baton tad with awdun 

thlooyanata (3*2$ - 3*50 M). Tba ablutions vara wall nSxsd aftar saoh 

addition. Tba final solution was diluted to twenty-five nlllilitara 

with distilled vatar.



Precipitates tended to font on addition of tho acetone, bat in 

all c*jn they redi*solved on addition of water with the dewilopnenfc of 

the correct color. Precipitation, however, can be avoided by bringing
f /

the Toloar of aqpeous solatioo oloee to 10 Milliliters before the addition 

of the acetone solution.

Ether extraction* vers Made on solutions containing high con­

centration* of interfering lone, the solution vas ad Jotted to 1*0 N 

alualnun nitrate and 0.75 N nitric sold. Three extrectlone sere nade 

using 2/1 ethar-eqoaoas rolun* ratios. In tha solutions oontainlng lirge 

nounta of flooride ($-15 K) an additional amount of alndnac nitrate vat 

added to ooaplex the fluoride. Sulfate Ion isterfved with this extraction. 

The final ether eolutiona wart collected and evaporated over water. Nixed 

hydrochlorlc-eulfurlc add use added and the nitric sold meowed by fusing. 

The final sulfuric add solution was than handled aa directed above.

The absorbency was retd with a Beekaaa nodal DU at 375 *ju k 

blank was prepared with 0.5 Milliliter oonoentrated aulibrio sold, twenty 

drope 10 per cent ataanoee chloride, and fifteen nillllitere acetone- 

thiocyanate solution diluted to twenty five nillllitere.

Standard curves, absorbancy vs nranyl concentration, were plotted 

using uraayl standards prepared free tbs MS-ST gravinstric standard. Beer's 

Law was obeyed in all oases within tha limit of error of observation 

(sea Figure 1). Concentration of the thiocyanate solution by evaporation 

of acetone aust be avoided «d new thiocyanate solutions were restandardited.



Cationic Interferences

Tabic 1 auBtrlMi the cationic interferences tatted. The 

absorption data in the thiocyanate-acetous medium used in this work 

arc not well known and, therefore, seans of other lone are ebons In 

Figures 2 and 3. It le evident that In some caeea greater freedom from 

interference nay be obtained by shifting the wavelength used. Zirconium 

wee the only element tooted which oeased large deviations from Beer's Lev, 

the Interference depending somewhat on the previous treatment •d the added 

tlreonlum* Cationic interferences were tested using the rVodard procedure

if the lower waveleagthe ere used. Figure 1* shove this fluorescence with 

a pure wrasyl ion eolation. When the solution was closest to the phototube 

the msat— i amount of fluorescent light was received, decreasing the ab- 

sorbancy and giving the false peaks shown In Figure lu Appreciable 

fluorescence of solutions has not been observed when working at wavelengths 

350 ap or greeter. Aged thiocyanate solutions showed increased fluorescence. 

Anlonlo Interferences

Table IX susmaritee the anlonlo Interferences tested. These 

tests were made using the standard procedure, excluding ether extraction.

The lack of appreciable anlonlo interference la the result of the media 

adopted, th» acetone decreasing the strength of ell the acids markedly.

Also, the acetone nedia increases the stability Constanta of the urenyl* 

thiocyanate complexes.

excluding ether extractions.
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Sulfuric aoid was selected for us# In the standard procedure 

since it affords a simple way to bring a side witty of solutions to 

a reproducible state by fusing. However, if the sulfuric aoid concen­

tration exceeds 1.2 H in the final twenty-five milliliter volume, two 

phases will appear. The interference of the fluosilioate ion was the 

most difficult to prevent in an aqueous media since it combines the 

properties of a strong complsxing agent for uranyl ion as well ms a 

relatively strong sold. Also, no appreciable separation of fluosilioate 

sad uranyl ion can be made by etbsr extraction. Figure S compares the 

interference of fluosilioate in the aqueous and teutons media.

Precision and Accuracy of Method

Over a hundred analyses for uranyl ion have been made in this 

laboratory on a vide variety of solutions ri nging from KT2 to $ x 10"® 

molar in oranioi. In routine work with tbs Beckman model B instrument 

the standard deviation in precision was *0.7$ per cent and deviations 

from calculated values based on the MS-ST standard Indicated that the 

standard deviations in accuracy ware the same magnitude. The Bookman 

model DO with sore manipulative care than ordinarily employed in routine 

work gave stented deviations in precision and aocuraoy of io.$ par oont. 

These data ware obtained by three different operators on about twenty 

samples. These data aim shown in Table XU.

v<\
vhtWM'jt

AT



A
b
so
rb
tx
n
jr

8

1,00 cm. cell*  
2.05 B KtyC®

350 .

V a* « l* n g th #

i

Flgiir* 1

ABSORB*®* CT STA»AM) URANYL 10R SOLUTION DEVELOP® ACCORD IK )  

TO THE STANDARD WICClAKATE-ACETOtt PROCEDURE
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T a b l e  2

C A T IO M C  I M T E R I B R S C E S  A T  3 7 $  s p ,  1 . 0 0  c a .  C E L L S

A n a l y t i c a l  p r o c e d u r e  c a r r i e d  

c u t  a s  o u t l i n e d  i n  t e x t .

C a t i o n

A dded

C a t i o n / a r a q y l  

r a t i o  g i v i n g  

n o  e r r o r s

C a t l o n / u r a i y l  

r a t i o  g i v i n g  

f i g  e r r u a * * n w a r t r a

^ f 2  • • •
> 1 0 - P r e c i p i t a t e s  f o r a a d  o n  a d d i t i o n  o f  

S 1 C I 2  a n d  r e d i s s o l v e d  o n  s h a k i n g  o r  

u p o n  a d d i t i o n  o f  t h i o c y a n a t e  n o t a t i o n .

* » * • * 0 . 5 2 . 0 M o ra  i r o n  o a a  b e  w o v s d  b y  u s i n g  e o r e  

t h a n  1  h i .  o f  1 0 5  S n C l j  a s  c a l l e d  f o r  

i n  t h s  s t a n d a r d  p r o c e d u r e .

mP 2 . 0 1 0

C r ^ 2 * 0 8 . 0

i t f > 1 0 -

C ^ 2  * * * $ . 0 2 0  .

Tr $ 0 2 0 0 T h e s e  e r r o r s  a p p l y  t o  Z r  s u l f a t e  

o o a p l a x .  W i th  Z r  f l u o r i d e  o o s p l s x  

e r r a t i c  r e s u l t s  a n d  e o w s h a t  n o r s  

i n t e r f e r s n o e  w a s  o b t a i n e d .

A l 2 5 0 1 0 0 0

* » * 0 .5 0 2 . 0

C o « 0 .5 0 2 . 0

Bvfl* > 1 0 -

*  U n i t  o f  d a t e o t l o n  to e s  i o . 0 0 2  a b n o ib a n c y  u n i t *  ,

* *  D t U n d n e d  a t  u n i t  a b e o z b a n c e  f o r  u r t n y l  I o n  (a/ 2 * 5  x  1 0 * 4  H ) .  

m » i n  f o l l o w in g  t h e  s t a n d a r d  p r o c e d u r e  t h a n e  l o n e  a r e  r e d u c e d  ~  

b y  S a C l 2 «

'V
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Table n

AHIOHIC I8TERFERENCES AT 37$ mji, 1.00 ca. CELLS

Anion

Anion
added

Anlon/uranyl 
ratio giving 

no tnoi*

Anioî nraajl 

ratio Kiting 
1ft error Rsanrke

■ W j
$000 m The tarioua oxides of nitrogen, H2O3, 

BOot H2OU etc,) vara not tested am 
will probably interfere.

a^sob $000 m lazge amounts of sulfuric acid, >1.23 
N, canee the acetone aqueous system to 
separate Into two phases.

M l 1000 -

w »
100 200 Precipitates formed on standing at 

higher concentrations. Hegatlte error.

BsOAc i$x> • Higher concentrations of HrOto caused 

the formation of a shite precipitate 
vith SnClg lr the acetone medium.

Citric
Aoli

1000 2000 Positive error due to abeorptlon of 

oltrlo add at 37$

Bar 2$ • Higher conoestretlone were not tested 
because of Increased danger of etching 

of the cells.

Hal 1000 - Ho mixed CBS - X* complexes mere 
observed. ^

10 - Sams as wft (tea Table I).

1.0 u> Seas as Cr*** (eee Table I).

a^sir6 70 m See Figure $ for comparison of inter­

ference in aqueous eolation.

* limit of detection « u  {[0.002 absorbency unit*
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t e s t s  o a  T t t ;  m em o*  a m p  *o c u h a c t  o f  t h e  m e t h o d

O B  T i £  B E C K M A N  M Q D K L  D U  S P E C T R O P H O T O M E T E R

S O L U T I O N

M O .

k

5

6

7

6

9

10

1 2

1 2

13

111

1 $

O B S E R V E D

W U/l

U R A N IU M

C A L C U L A T E D

W U/l
U R A N IU M

S T A N D A R D

D E V I A T I O N  

P E R  C E N T C O M P O S n i C N  O P  S O L U T I O N S

7 . M  x  1 0 - 3 7 .5 8  x l O *3 - 0 . 6 5 S o l u t i o n s  1 - 5  c o n t a i n e d

7 .5 2  x l O * 3 7 .5 2  x l O *3 v o . o o u r a n i u m  w i t h  c h r o a i u a

7 . 1*9 x l O *3 7 .5 2  x l O *3 ■0 . 1 0 1 0 / 1  a n d  f l u o r i d e  1 0 0 0 / 1 *

7 . l |6  x  I Q " 3 7 .5 2  x l O *3

7 .5 2  x l O * 3

- 0 . 5 5 T h a  s o l u t i o n a  v a r a  e x t r a c t e d

7.a x i o *3 * 0 . 3 0 b a f o r a  a n a l y s t a .  S t a n d a r d  

d e v i a t i o n  a  0 . 1*0 5 .

1 . 1*23 x  1 0 * j* 1 . 1*28 x  1 0 * j* - 0 . 3 S M S - S T  O r a v t e e t r i c  s t a n d a r d

1 . 1*28 x  1 0 7 1 . 1*28 x  I 0 7 0 .0 0 p o r t  u r a n y l  p e r c h l o r a t a

1 . 1*32 X  1 0 * 1* 1 . 1*28 x  1 0 7 ♦0 . 3 0 s o l u t i o n a  a n a l y s e d  w i t h  n o

1 . 1*21 x  10* 1 . 1*28 x  K P » - 0 . 5 0 e t h e r  e x t r a c t i o n .  S t a n d a r d  

d e v i a t i o n  -  0 . 3 5 5 *

l . t i 3 0  x  1 C T 1* 1 . 1*28 x  1 0 * j* 4 0 . 11* M S - S T  O r a v i n e t r i c  a t a n d a r d

1 . 1*35 X  1 0 7 1 . 1*28 x  1 0 -* * 4 0 .5 0 s o l u t i o n a  a n a l y s e d  w i t h  n o

1 . 1*25 x  10* 1 . 1*28 x  l O **1 - 0 . 2 0 e t h e r  s e p a r a t i o n .  1 0 0 0 / 1

l . l t 2 2  x  l t H 4 1 . 1*. x  K T * - 0 . 1*2 f l u o r i d e ,  1 0 / 1  f l n o a i l i c a t e ,

1 . 1*33 x  1 0 * |* 1 . 1*28 x  1 0 * J * 4 0 . 3 5 2 / 1  c h r o a d u x ,  2 / 1  c o p p e r .

1 . 1*36 x  l w " * * 1 . 1*28 x  1 0 * “ / S t a n d a r d  d e v i a t i o n  0 . 3 5 5 .

^ \° i1
| 5
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