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RESUMO 

A determinação de micro quantidades de calcio em 

sais de uranila e óxidos de uranio de pureza nuclear é feita 

colorimétricamenteo O urânio e separado primeiramente por8 

a) extração com fosfato de tributila-tetracloreto de 
carbono, 

b) absorção do complexo anionico de sulfato de ura­
nila em resina anionica, ou 

c) precipitação do uranio com água oxigenada» 

Após a separação do urânio o complexo vermelho de 

cálcio-glioxal e extraído em cloroformio e medido a 555 mu» A 

interferencia dos últimos traços de urânio, formando com glio 

xal um complexo violeta, e eliminada com hidroxilaminao 

A lei de Beer é obedecida de O a 18 microgramos de 

cálcioo 

La détermination du calcium en micro quantités dans 

les sels d'uranyle et dans les oxydes d'uranium de pureté nu­

cléaire a été faite par colorimétrieo 

Apres la séparation de l'uranium par extraction avec 

phosphate de tributyle-tétra chlorure de carbone, ou fixation 

du complexe anionique de sulfate d'uranyle dans une résine é-

changeuse d'anions, ou encore précipitation de l'uranium par 

le peroxyde d'hydrogène, le complexe rouge calcium-glyoxal 

bis-(2~hydroxianil) est extraid avec du chloroforme et mesuré 

à 535 muo L'interférence des dernières traces d'uranium qui 

forment un complexe violet avec le glyoxal, est éliminée par 

1'hydroxilamine» 



La loi de Beer est valable entre 0 e 18 microgrames 
de calcium. 

SUMMARY 

A colorimetric method for the determination of mi 
cro-quantities of calcium in nuclear grade uranyl salts and 
uranium oxides is presented. After the separation of uranium 
by: 

a) solvent extraction with ^'tributyl flvoiâ iiaeifee* 
carbon tetrachloride, 

b) absorption of the anionic complex uranyl sulphate 
on an anionic resin, or 

c) precipitation of the uranium with hydrogen pero­
xide, the red complex calcium-glyoxal bis-(2-hy-
droxyanil) is extracted with chloroform and me&B 
ured at 535 mu. The interference of the last 
traces of uranium giving a violet complex with 
glyoxal is eliminated with hydroxylamine chloride. 

The Beer's law is obeyed from 0 to 18 micrograms of 
calcium. 
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Spectrophotometric Determination of Calcium in Uranium 
Using Glyoxal Bis-(2-Hydroxyanil) 

S i n : Glyoxal bis-(2-hydroxyanil) 
(het-eal'ter glyoxal) is a specific reagent 
foi- H\>ob tes t detection of calcium ( / ) . 
T h e spect iophotometr io determinat ion 
of calcium using this reagent was 
apiilied by Wil l iams and Wilson (3) 
for solutions of calciimi in the presence 
of common cations including magne­
sium, strontium, and iron. 

Nuclear |:)ure ammonium diuranate 
and uranium oxides (UOa, UO-,, and 
UjOs) have heen analysed in our labora­
tory lor theii' calcium content with tliis 
reagent , after the sei>arati(3n of the 
uranium with hydrogen peroxide; |:)re-
cipitation (2;), t r ibutyl phosphate ( T B I ^ ) 
extract ion in nitric acid, or retention of 
the uranyl sulfate complex on an 
anionic ion exchange resin(sulfate form). 

EXPERIMENTAL 

Apparatus . M e a s u r e m e n t s were 
made with a Hilgei ' s p e c t r o | ) h o t o m e t e r 
(Hi lger & W a t t s , L t d . , L o n d o n ) , 
using 1-cm. m a t c h e d , scpiare cells . 
Con ica l glass centr i fuge tubes (12 

cm. of he ight and 12-ml . c a p a c i t y , 
with glass s topper ) wei'e used for the 
color e x t r a c t i o n . 

R e a g e n t s . G l y o x a l ( E . .Mer-ck Ag. 
D a r m s t a d t ) . M a k e a 0 . 4 % w . / v . 
so lu t ion of g lyoxa l in e thy l a l coho l . 
P r e p a r e this solut ion fresh dai ly , 

Prei.iare a color developing .solution 
hi.y dissolving 10.0 grams of sodiun\ 
hydroxide and 0.5 gram of sodium carbo­
nate in too ml. of water . 

Ion exchange C(.)luinn. Ti^ansfer 5 ml. 
of Nalci te S.A.R. ( 3 0 - 5 0 mesh) anionic 
i(.in exclutnge resin to a glass tube 
(8-mm. i, d.) column and condition the 
resin by passing 25 ml, ol' 1,1/ l i j S O j 
and wash with 50 ml . of water . 

P r o c e d u r e . Siie , .vR , \ 'rio.N' O F U R , \ -

P r e c i | i i t a t i o a of Ui 'anium by H y ­
drogen Pe rox ide . 

U.se inanyl n i t i a te solution prepared 
l.iy di.s,solving the samiiles (Li^Oa, UO2, 
L'O:), or animonium diuranate calcinated 
to UnOs) with minimiun amount of 
6.1/ HNOu and dilute to desired volume 
witll water, 'i'hfi 0|:)timum pH of the 
final solution is 1-3, 

-Pipet 2 to 10 ml, of uranyl ni t ra te 

containing 100 to 500 ing. of UsOs 
(2 to 14 MS- of calc ium) into a centi-i-
fuge tube, add I ml, of 3 0 % hydrogen 
peroxide, mix thoroughly with a glass 
rod and keep in the refrigeiutor for 20 
minutes, Centrifu.ge and pour the 
supernatant thi'ough a W h a t m a n 41 
filter (previously washed with wate r ) , 
recovering the filtrate dii-ectly into a 
l>latinum crucible (to avoid (;alcium. 
from glass) . Add 2 - 3 droris of 3 0 % 
hydrogen peroxide to the centrifuge 
tube and niake the vohrme 5-7 ml. 
with demineralized water, mix the i:)re-
cipi tate thoi'ou.ghly with a glass rod 
and centi'ifuge again. Col lect the sec­
ond supernate using tlie same filter. 
Eva |3orate tlie filtrate to 3 - 5 ml, on a 
hot plate, transfer to a 25-ml . volu-
iTiet,i-ic flask and m a k e ufj to the mark 
with water . Use al iquots of this .solu­
tion for the determinat ion of ca lc ium. 

Ex t r ac t ion of Ui-anium with T r i b u t y l 
Phosphate , 

T o 2 ml, of uranvl n i t ra te solution 
(100 mg, of L'sOs), add 5 ml, of 6.1/ 
HNO.-i and ex t r ac t 5 t imes with 1 ml. 
of 2 0 % T B P in ecu, and finally wash 
the aqueous phase twice with 2 ml. of 
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l)ui-e CCI.1. F i l te r the aqueous phase 
through a W h a t m a n filter- paiier pi-evi-
ously washed with water. E \a i ior ' a te 
the aqueous pha.se to dryness using a, 
platinun^ ei'ucible, after adding one dro|.i 
of HClO.i. Wash the crucible using 
2 ml. of water conta ining (jne drop of 
2J1/ HCI and transfei- tlie solut ion into 
a 10-ml. volumetric flask. T a k e an 
a l iquot for the determinat ion of calcium. 

Ion-exchange Separa t ion . 
Use uranyl sulfate solution prepared 

by fuming uranyl ni t ra te solution with 
minimum amoimt of sulfuric acid foi-
complete el imination of nitric acid and 
finally dilute with water to a desired 
volume. In the case of ammoniimi 
diuranate, dissolve 5.0 gi-ams of ammo-
nimn diuranate of nuclear pui'ity on a 
hot plate with \M H 2 S O . 1 adding the 
last amounts -of the acid drop by drop; 
tj-ansfer the solution to a 100-ml . 
volumetr ic flask and dilute to the mark 
with water . T h e |)H of this solution 
should be 1-2. 

Di lu te an -aliquot of the ui-anyl sul­
fate solution containing fOO mg. of 
UsOg to 1 0 - 1 2 ml. with watei- and per­
colate throu.gh the anionic exchange!-

T a b l e I. C a l c i u m in U r a n y l N i t r a t e 
S o l u t i o n (HiO, a n d T B P P r o c e d u r e s ) 
a n d U r a n y l S u l f a t e S o l u t i o n ( Ion E x ­

c h a n g e P r o c e d u r e ) 

No. of 
deter- Ca/UsOs 

Procedure 

Ion-exchange 

T B P 

iniiia- Av., Std. 
tioris p.p.m. dev. 

5 4 6 . 0 1.6 
3 4 4 . 0 1.7 
4 4 6 . 8 1.9 
5 4 6 . 4 2 . 1 
5 4 2 . 4 2 . 1 
6 4 7 . 6 4 . 1 

G 4 6 . S 1.9 
5 4 S . 0 1.8 

4 4 6 . 5 3 .7 
4 44 . S 1.0 

(.•olimm with a flow rate of 5 - 8 drops 
pei- minute. Wash the cohmin with 10 
ml. of water. Collect the effiuent and 
wash into a platinum crucible and 
evaporate to dryness. Add I di'op of 
1,1/ I L 1 S O . 1 to the platinum crucible and 
transfer the content to a centrifuge tube 
using 2 ml. of water di'Oi>wise. 

T o preiiare the colimin for the next 
ex|)ei-iment elute the lesin with 25 ml. 
of 1.1/ HNO;, and wash with 25 ml. of 
watei', 25 ml. ol' 1.1/ H 2 S O . , , and 50 ml. 
of water , successively. 

E X T R . ' \ C T I 0 N A N D Es ' r iM. '^TION O F 
C ' . \ L C r u M . -For the color develoi)inent 
and extract ion of calcium, pi|)et 2 ml. 
of solutions obtained in any of the 
above steps, into the centrifuge tube, 
add 2 di-ops of 1 0 % hydro.xylamine 
hydrochloride, sto|:)|:)er, and n\ix thor-
ou.ghly. .Add 2 ml. of glyoxal solution, 
mix well, and add 0.5 ml. of coloi-
de\ 'eloping .solution. F ina l ly , add 4 
ml. of chloi-ol'orm, stopper, and ext i 'ac t 
the ca lc ium-glyoxal comiilex invert ing 
the tube about 20 t imes. ( I t is essential 
to do the ext rac t ion likt; this since 
\-iolent nrixing results in a decrease in 
the af)soi'bance, thereby .giving lower 
\ a lues I'oi' calcium. . \ similai' behavior 
has been obsei'ved also wlien the 
organic pha.se is filtered. T h e reasons 
lor botli l iave not been invest igated.) 
Centi-ifugc for one minute (2400 r . p .m. ) 
and ren'iow^ the sufiernate using a 
pipet. Transfei- the organic pha.se into 
the spect rophotometer cell and nieasur-e 
the absorbance at 535 m^ using chloro-
foi'in in the other coll. 

.For the determinat ion and s tandard 
curve, develop the color and exti-act 
the glyoxal-calci iun complex of two 
centrifuge tubes one at a time and 
make the rneasuj-ements immediate ly . 

R e a g e n t B lank . P r e p a r e a reagen t 
b lank using the s a m e a m o u n t s of 
reagen ts . i ) e v e l o i ) the coloi ' and 
measure the a b s o r b a n c e e x a c t l y as 
for the ca l i l i ra t ion curve . S u b t r a c t 
this value from the de t e rmina t ion for 
the e x a c t co r rec t ion . 

Calibration C u r v e . P r é p a i e a 
s t anda rd curve using 2-nil . a l i quo t s 

T a b l e I I . C a l c i u m In U r a n y l N i t r a t e S o l u t i o n (H-iO-, P r o c e d u r e ) 

Calcium, ßg. Ca/UjOs 
Total Added Found P.p.m. 

9 . 4 5 . 0 4 . 4 4 4 
9 .7 5 . 0 4 . 7 47 
4 . 6 4 . 6 46 
4 . 8 4 . S 48 

4 . 9 4 . 9 49 
4 . S 4 . 8 48 
9 . 4 5 . 0 4 . 4 44 
9 . 6 5 . 0 4 . 6 46 
9..5 5 . 0 4 . 5 45 

4 . S 4 . 8 48 
5 . 3 5 . 3 53 
4 . 6 4 . 6 46 
5 . 2 5 . 2 52 
7 . 6 3^0 4 . 6 46 
9 . 2 5 . 0 4 2 42 

4 . 3 4 . 3 43 
4 . 5 4 . 5 45 
8 . 0 4T) 4 . 0 4 0 
9 .1 5 . 0 4 . 1 41 
9 . 3 5 . 0 4 . 3 43 

Avei'age 

4 6 . 8 

4 6 . 4 

4 7 . 6 

4 2 . 4 

Std. dev. 

1.9 

2 . 1 

4 .1 

2 . 1 

of the solutions containing 1, 2, 3, 4, 5, (5 
and 7 jjg. of calcium i>er ml., and follow 
the procedure given for the ext ract ion 
of calcium for llie determinat ion of the 
a,bsorbance of Ihe calcium complex. 
Plot calcium in micrograms against 
absorbance. 

RESULTS AND OBSERVATIONS 

T a b l e I shows typical results of the 
detei ininat ion of (jalcium in one batch 
of nuclear grade ui'anium. T h e results 
are in good agreement foi' the three 
different methods used for the se|:)ara-
tion of m'aniimi. .However, the hydro­
gen peroxide method is preferred to the 
other two becau.se it is more sim|)le, less 
time consiuning, and the blank cor­
rections are small . 

For the T B P ext iac t ion a relat ively 
large a m o L i n t of H N O 3 is used and be-
cau.se even c . p . ni tr ic acid contains con-
.siderable amounts of calcium, the rea­
gent blank correction is liigiier than in 
the hydrogen peroxide or ion exchange 
.separation procedures. With T P j P ex­
traction the last t races of T B P have to 
be wa.shed carefully with CCI.1; otherwise 
the phospliate ions laroduced by the de­
composition of T . B P lower the calci\im 
\-alues. 

In the anion exchange resin se|:)ara-
tion, the f l o w rate for the small column 
used has to be controlled and the acidi ty 
of the sulfate solution is cr i t ical , the 
o|)timum pH being 1-2. F ina l ly , there 
is a relatively large volume of solution 
to be evai.iorated. 

T a b l e I I contains the result.s of the 
determinat ion of calciinn in the same 
batch of uranium analyzed Ytv this 
procedure after the .separation of 
uranium by jirecipitation with hydrogen 
peroxide. In these analyses the re­
covery of calcium is controlled by 
adding a S |)ike of calcium. 

'arable I I I shows the resullis of cal­
cium determinat ion |)erl'ormed using 
uranyl ni trate solution with negligible 
conten t of calcium. T h i s solution is 
Ijrepared b.y dissolving the uranium 
oxide which was obtained from nuclear 
grade uranium b y hydi'Ogen peroxide 

T a b l e II I . C a l c i u m in U r a n y l N i t r a t e 
S o l u t i o n ( H 2 O 2 P r o c e d u r e ) , P r e v i o u s l y 

P u r i f i e d b y H , , 0 2 P r e c i p i t a t i o n 

Group 

A 

B 

Calcium Mg, 
C a / 

Potal Added Fou nd p. p. m 

0 . 1 0 . 1 1 
0 . 2 0 . 2 2 
0 . 2 0 . 2 2 
0 . 1 0 . 1 1 

4 . 8 5 . 0 
5 . 2 5 . 0 0 ' 2 •2 
4 . 9 5 . 0 
5 . 0 5 . 0 
5 . 1 5 . 0 O ' l 1 
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piecipil,ation, and suhsequfnl, calcina-
rion. 

In Ihe (Jiree .separation teclini([iies 
there always remain traces of uranium 
that interfere hy impart ing a violet 
color to the chlorofoi'in glyoxal 
ex t rac t . Color development experi­
ments were made whicli showed that 
when 100 to 500 mg. of ui-anium were 
u.sed, 0.2 to 5.0 mg. remained aftei-
se|;)ai-ation by the three methods sug­
gested. When l iydroxylamine was 
added, tlie same experiments showed no 
interference. T h e experiments were 
made with or without calcium present 
and uranium was detected in the 
organic phase, chloroform, after evapora­

tion and destruction of organic mat te r 
with l iNO; i-HCI and evaporat ion to 
dryness, addition of 3 - 4 dro|)s of acet ic 
acid and 2 drops of 3 % potassium 
ferrocyanide solution. In those ex|)eri-
ments in which hydi 'oxylamine was 
present no uranium was detected. 

I t lias been ob.served that the chloro­
form ex t rac t of ca lc ium-glyoxal com­
plex stai ' ts fading after 5 - 1 0 minutes 
and for a series of determinat ions the 
last readings gi\ 'e sys temat ica l ly lower 
resul1»s. T o avoid this, the color 
de \e lopment and ext rac t ion are carried 
out only on two sam|.)les a t a t ime. 

Calci inn is usually and routinely 
determined by flame photometry . 

which is a relat ively iasensi t ive method 
comi.)ared with tlie spec t rophotomet r ic 
one. Beer ' s law is obeyed IVom 0 to 
18 Mg- of calcium. 
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