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Abstract

Hexavalent uranium form, e yellcv-orange soluble ca»spL« vith
ammonium tMoglycolate in abasic solution. The color laxity renins
constant oser a*lde pH range and is independent of the •»* reagent
concentration. fi» complex is fairly stable and unaffected by many of the
co-son anion.. Anumber of cations Interfere either by reexttog with the
reagent or by precipitating to ammoniacal solution.. Some of these interfere*
m be eliminated by the uae of «B~ Tm** or cc^lexto* agents. 9» m***
U be.t suited to the determination of uranium to tt» concentration range
0.100 . 1.600 m. to 25 ml. Solution, containing uranium to this range <*ey

Beer's Lav.

Introduction

Surrrf. «* &»»Ub (1) «port«l tb. wtLfaotory 4»t««li*tl« of

««. » e» *«— «* «*tati»* »"•» M,Mlt• of ""^ Mtl0M' "*'" •

v,at«.i« f.rr«r«.ia. ——«• —l"ut* "*" »•" !T0P°M"1, "* * ,**M
„thod.. lwwr, « *f.t* bj «r* of tb. ca-on .1<».

mm ibv.*!**!. of conditio™ tfrtotlas tb. «««lr»U. of boo
vltb —1- MM-* (tblogUcoUf), S*»* »d H.U. (3) m— thot
MNW1 lor- for»d . rtronB «-•. =«*« MM «» .«.«i. fel*. to* ISW
.O-ect .th.tr. thi*l*«W. oolor. ttt. no**** tb. K-MUO tb*
tb. ««.« *»* t. wt for tb. -ol.rt.trlo MM). - «—- f
the presence of various anion..

Solution. j&adjtothud*

^IjaaiSdEeimf *» ""H""*"* * tblo^ooXio »«,



cbtaiiw's from Eaatiaan. Kodak Comps£iy# were dilutoC' -i.th about 50 «1« of

water* neutralised with 1:1 essnonlum hydr«xiie and «*wie up to «• flu- • as

of * - ' iSiia concentration of aamonitmi thio^L coLate was

the Law.tlg&tSoa.

•Ttsaijm.^ oLutian A solution of ureal as,

prepared from C. ?. urenyl ixitrate hexebydrate- f3m solutina n

by rati Li$ ** ' fn»i*s and Igniting to the oxide,'-'

An . ' sdard solution v»» diluted to give a sol &«

AMmwii;mn%fJoxld» A 1:1 solution vtw pptfttrmd frofc .7. P. r

fee Solution Reac-smt grade salt, wore taken f

u?^lgn ion solutions. The pot

chl? t chrsessfce, sad bichromate ion. were used and the rw!»?.£ttog i

solutions war*, sod from their ammonium salts. 'flta cation »-.

prei lit. with the exception of Lead nitre.-*

Bedistii: « was used for ail solutions. The CKWjplexes

dei?j L ml. rotas, by adding 2 ml. of eim-joelum talc ml.

oi \ to excess of neutrality'. I *w -sore 5*»*j

reagsut blan& in %Bee&msn spectt aj-hottaaeter using 1 cm. cell

. i Thiog: i be Complex

23i* -^hioglycolate ccaplex must b* developec - turn*

Sri p8 is not necessary. In this investtoa-iiou the . '

of i *ve a pH of about 10, but no

nse rang*. v.6 to 10.'

<im»Mttiua: thiog&ycolate to • '

From 11 - neutralised; 10 per :

Che color intensity increases si

is t-

•ihls for e.t Li *» to din
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otf about k per cent in color intensity results en standing 2 hours.

W*» yellow-orange complex does not shew a sharp absorption maxiiaum,

iairls strong absorption taking place over the range 330-UOO aou (Figure I).
A xlot of extinction to, concentration for 0.100 - 1.600 mg. of

vranHis gave astraight line curve, indicating that the color obeys Beer's

Law (Figure 2).

effect of Anions

As much as 500 mg. of chloride, chlorate, nitrate or sulfate

ion may be present without affecting the color intensity of 0.530 mg. of

uranium. Smaller concentration, of fluoride, tartrate, acetate, citrate or

oxalate are also without affect on the color. Carbonate and phosphate ions mmt
be absent. As little as 1mg. of either Ion causes an appreciable decrease to

color intensity. The effect of anumber of anions on the color developed with

0.530 mg. of uranium is indicated in Table 1. An allowance was made at -2.%
error fcr the method. In the case of tartrate ion, 500 mg. may be tolerated if

k ml. of ammonium thioglycolate are used. More than 8 ml, of reagent ere required

to restore the color -When 500 mg. of fluoride ion are present.

Effect of Cations

Cation interference presents a more serious problem. Iron, cosper, nickel

lead, and cobalt contribute to tie color intensity. Aluminum, thorium, chromium
Utani-ns, zirconium and magnesium precipitate in ammoniacal solution. Caelum

vhen present to the extent of 50 mg., causes ak* decrease to the color toionsity

of 0.530 ag. of uranium. Maay of the interferences may be eliminated partially

or completel5» Aluminum, thorium, titanium and zirconium may be kept to solution

\,j adding tartaric acid in the ratio 3s*. of 10* reagent per 50 mg. of cation.
•*>» latter three may also fade the color if present in sufficient concentration.

%gc«m reagent restores the color. The precipitation of magnesiiim may be prevented
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(•mo i) i/°i 3oi

Figure 1. Spectral Absorption of Uranium Thioglycolate and Iron Thinlycclate
A. 1.060 mg. U B, 0.100 mg. Fe

Complexes were developed by adding 2ml. of a neutralized ten
percent solution of thioglycolic acid, adjusting to apH of ca. W.l
with anmonium hydroxide (1:1) and diluting to 25 ml.
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Table I

Effect of Anions on the Uranium Thioglycolate Complex

(0.530 mg. of Uranium to 25 ml. of Solution)

Solution

Anion

Added

Anion Cone,

to 25 ml.
Change to

Color Intensity
Approximate JL-siting

Concentretion

1 Chloride 500 mg.
-t-

-0* >5«

2 Hltrate 500 mg. ±0* >50C mg.

3 Sulfate 500 mg. *c* >5G0 mg.

k Fluoride 300 mg. -9* 200 ii

5 Tartrate 500 mg. -14* 200 m-.3*

6 Hitrlte 500 mg. Intense Ywllow o»oj(

7 Acetate 500 mg. +ki> kOO s)

8 Citrate 200 mg. Fades rapidly 20 mg.

9 Carbonate
e

10 mg. -30* < 1 mg.

10 Orthophosphate l."g« Destroys color «...

11 Chlorate 500 mg.
+

-0* >!•-

12 Molybdate 500 mg. Intense orange _..

13 Oxalate 100 mg. -7* 5C

Ik Cfaromate 100 mg. Intense green
•

15 Bichromate 100 mg. Intense green

*L'o change in color intensity in presence of 500 mg. of tartrate Ion when ^ ml.
of ammonium thioglycolate are used.



Table II

Effect of Cations on the Uranium Thioglycolate Complex

(0.530 mg. of Uranium to 25 ml. of Solution)

-9.

Solution

Cation

Added

Cation cone.

In 25 ml.

Change in Color
Intensity

1
a

Al+++ 100 mg. *-<*

2
ab jj.

MM • •*

Th 50 mg. to*

3 •"&«* * 5 mg. io*

k
+4 or

Fe+++ 0.025 mg. *skt

5 Cu*4 1 mg. *($

6 "W*+ 5 mg. tot

7 Ba 200 mg. -a

8
++

Ca 200 mg. tot

9 v 200 mg. to*

10 Hi+* 1 mg. +200*

11 Fb++ 1 mg. ♦13*

12 Co i mg. Intense red

13
b ++
Cd 50 mg. -0*

lb %x*+ 50 mg. ic*

x5. *&?+* 10 mg. Precipitate

a. Comples with 3 ml. of 10* tartaric acid per 50 mg.

b. Add 8 ml. of 10* ooBsonium thioglycolate.

c. Add k ml. of 10* ammonium thioglycolate

d. Add excess ammonium chloride.

•0 Allow to stand 10 minute..

f. Precipitate form, to ammoniacal solution Chromium is not complexed by
10 ml* of 10* tartaric acid*



. excess , Hai

vhicu fadfcs? on standing* The effect of various eatitjns is shown in Table

Interference^, of uIron

At 330 mu sn iron solution absorbs approximately fives tir

BtroJ lution of uranium of equal eoncentrrr ace ire

fr©qv.ant contaminant in aaany materials, a method whereby it might either be

removed or tolerated would be desirable. One technique which might

employed is to make use of the mixed colors formed whan ammonium til olate

ie added. The iron thioglyeoLats complex absorbs fairly strongly at j80 mu

end also at 600 mu. (Figure 1). The uranium complex also absorbs at 380 sax but

not at 600 ran? The concentration of iron present in a solution may thus be

©Bttaated by a spectrophotometric .measurement at 600 nux. The optical density

of this concentration of .iron at 380 mn may be calculated, from a ea on

ctcrvs end subtracted from the total density of the iron-uranium solution at

380 an. 7&lues for uranium obtained by this method proved to be quite accurate.

Saras typical results appear In Table III.

Table III

Sstlmation of Uranium to Uranlias-Iron Solutions Using 3Six&d Color $5»thod

0 Present, M& Fe Added % U Found Error

Oc5jo

o.kzk

0.318

1.060

1.060

0.530

Co025

0,050

C. 100

0.050

0.5^0.

0.420

0,315

I0O8O

I0O6O

0.530

+1.9



Mscusjajon

The pE r«uge for ma color development may extend beyond

7-6 - 10.7, the limits investigated, Adjustment of the solution to this

range is easily made and considerable latitude is permitted in the addition

of asaaonium hydroxide before an appreciable change to pfl occurs.

Fading of the color will occur if too large an excess of tartaric

acid to used ivent ceticsi precipitation. Satisfactory results are Stain

ed if the tartaric acid added to equal to three or four times the wetout of

ttt* c'<* >xide. This is in agreement with Hillebrand and . i. (k).

The mixed color method for solution, containing iron, la not

recommended where the ratio of. iron to uranium is greater than one oart iron

Per f- -ronium. With larger concentration of iron, the compensation

for interference becomes greater than 50* ef the total value.

Suaaary

Ammonium thioglycoiats may be used for the accurate estimation of

small amount, of uranium in the presence of a relatively larga auabar Of anions.

The method la not specific for cation solutions but if necessary,, certain of the

cation interferences may be eliminated.
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