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ASSAY OF URANIUM IN THE PRESENCE 
OF VARIOUS INTERFERING IONS USING 
ION PAIR LIQUID CHROMATOGRAPHY 

M. RIAZ, SHAHID BILAL BUTT, AND EHSAN-UL-HAQ 
Nuclear Chemistry Division PINSTECH 

P. 0. NiIore 
Islamabad, Palcistan 

ABSTRACT 

A sensit ive and specific method f o r  uranium(V1) determination 
using reverse  phase ion-pair high performance liquid chromatography 
with UV de tec tor  has  been developed. The developed method has  been 
applied f o r  t h e  determination of uranium in a synthetic sample 
containing most of t he  in te r fe r ing  ions. Except iron most of the  
elements and anion which of ten  in te r fe re  in uranium assay  do not 
i n t e r f e re  in t h e  present method.Interference of iron is masked by 
addition of 5mMA EDTA solution t o  the  sample. 

INTRODUCTION 

The higher capital  cost of uranium metal recovery f rom i t s  o r e  

compel sc ien t i s t s  t o  develop more reliable analytical  method for 

assay  of uranium and t o  control on uranium was tage  in nuclear 

industry.Moreover t h e  necessity of a sensit ive and  reliable method f o r  

uranium assay  in complex samples like blood/urine can not be 

ignored'. Di f fe ren t  instrumental  methods have been repor ted  f o r  

determination of uranium in various mat r ices  . These methods have 

ce r t a in  l imitations such as in te r fe rence  of d i f fe ren t  metal  ions, 

higher acidity of sample t o  be analysed, higher instrumental  cos t  e tc .  
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RIAZ, BUTT, AND UL-HAQ 

Liquid chromatography with pre ,  post and on column derivit ization 

is  used f o r  estimation of uranium ( V I )  in various matr ices  . Muller 

e t  al' utilised ion-pair liquid chromatrography f o r  uranium assay using 

RP-2 column, tetrahexylammonium bromide as ion-pairing reagent  and 

NaHS04 as ion developer. This methed has  established the  maximum 

acidity limit of 0.3M HN03 for analysis. I t  my cause problems when low 

contents of uranium a r e  present in the higher acidity,  where higher 

dilution of samples may limit t he  detection of uranium. Moreover, 

acidity above 0.3M HNO strongly e f f ec t s  uranium lowest detection limit 

(LDL) of < 20 mg1-I and 

samples need to be pre-neutralised.  The presence of NO; also strongly 

in t e r f e re  and requires  pre  o r  on column oxidation by sulphamic acid.  

3-5 

due t o  the interference of acidity peak' 

In the  present communication, the behaviour of tetrabutylammonium 

perchlorate (TBAC104) and NaH2P04 as ion-pairing reagent,  and as ion 

developer respectively using RP-8 column has been investigated f o r  t he  

assay of U(V1). The tolerance limit of acidity f o r  samples is  improved 

t o  0.5M HNO . Moreover, the presence of NO; in the sample does not 

require  i t s  pr ior  oxidation by sulphamic acid. The incorporation of 

NaH PO has completely resolved the acidity and U(V1) peaks, and the 

t r a c e  quantit ies of uranium ( (20 mgl-') can be performed without 

pre-neutralization s t ep  as reported elswhere' . 

3 

2 4  

EXPERIMENTAL 

Reagents 

Tetrabutylammonium perchlorate was obtained f rom Fisher scient i f ic  

Company USA. Uranyl n i t r a t e  f o r  preparation of U(VI)  s tandard and stock 

solutions, NaH2P04 , H3P04, acetonitri le (ACN) and NazEDTA of 

analytical  grade were from E-Merck Germany. Deionized wa te r  was  

prepared using sybron deionizer (USA) .  
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ASSAY OF URANIUM 1591 

Instrumentation 

Solvent delivery system was perkin Elmer Series 10 f i t t ed  with a 

6 p1 loop and a Rheodyne 7120 sample injector,  USA. The detector was 

UV Spectrophotometer,  Dupont, USA. Chromatograms were recorded on a 

Hitachi D-2500 chromato-integrator,  Japan. The analytical column w a s  ET 

250/8/4 Nucleosil c8 (25cmx4.6mm) of Macherey Nagel, Germany. All  t he  

measurements were carr ied out at room temperature,  (22?1C0). 

PRINCIPLE O F  U R A N I U M  ION-PAIRING 

Kaplan and co-worker7have spectrophotometrically confirmed 

t r in i t r a t e  complex of uranyl ion in HNO , The reaction sequence in 

aquous solution is  as follows: 

UOi++ N 9 -  UO2NO; 7 NO; U02(N0312- [ U02(N0313  ] - 
Concentration of above complexes depends upon the concentration of 

wa te r  and ni t ra te .  Muller et al' have established the existence of a 

1:l complex of uranyl t r i n i t r a t e  with quaternary amine as per equation 

In the  present procedure, the ion-pairing ability of uranyl t r i n i t r a t e  

with TBClO has been explored in HPLC f o r  the improvement in the  

existing method f o r  the assay of U ( V I )  

RESULTS AND DISCUSSION 

Optimization of Mobile Phase 

The n i t r a t e  and the complex [ R  N ]  [ U O Z ( N 0 3 ) 3 1  have h max at 220nm 

and 254nm respectively. Detection of uranium was carr ied out at 
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1592 RIAZ, BUTT, AND ULHAQ 

I 

0 5 10 15 
- Time [ m i n )  + 

F i g  1 C h r o m a r o q r a m  of s t o n d o r d  U r a n i u m  
i n  t h e  ELuent 

Peak idrn l i t i ca t ion  : I I U D 100mgl-l ; 2 = NO; 
Column = N u c l c o s i l .  C8 ; Detector UV ~ 2 5 4  nm 
F I O W  rate =o,& m l  m i n - 1 ;  
E l  ue n t = AC N : 15 V. ; H20 : 85 7. ; 
lBACl0 , :  10 x10-k ; Na %PO,,: 2 5  x 16% . 

2 3  

0 5 10 

T i m e  ( m i n  I 

F i g .  2 R e s o l u t i o n  o f  a c i d i t y  and  U r a n i u m  p e a k i n  0,SM H N 0 3  

Peak i d e n t i f i c a t i o n  1 = S o l v i n l  peak,  2 = Acidity peak, 
3 = U r a n i u m  peak 1 2 0 m g i  1 1 
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ASSAY OF URANIUM 1593 

254nm having a molecular extinction coefficient of ion-pairing complex 

(&=846). The mobile phase 25% ACN-water, 5mMA of TBAC104 and NaHS04 

each has  resolved 0.1M HNO U ( V I ) ,  water  and NOS components in the 

same order. However, for sample acidity of 0.5M HNO the above mobile 

phase containing NaHSO from 5-15mM/1 could not s epa ra t e  the acidity 

and uranium (VI)  components. Another ion-developer NaH PO with varied 

concentrations of 5-50mMA at pH 3 has been incorporated in place of 

NaHS04. 25mMA of NaH PO4 has  resolved 0.5M HN03 acid and uranium ( V I )  

with a retention t ime difference of 0.5 minute but at the  same time the  

base line is  slightly shifted positively. This shift ing is  controlled 

by reducing the  ACN concentration t o  15% and increasing TBAClO t o  

IOmMA, which resulted in an improved resolution of 0.8 minute between 

U(VI) /O.5M HN03 (Fig.2). 50mM/1 NaH PO deter iorates  the resolution of 

t he  components of interest .  Similarly 15mM/1 of TBAC104with 15% ACN-H20 

and 25mMA NaH PO resulted in the loss of resolution between 0.5 M HNO 

acidity and U(VI)  peak and in addition to tha t  increase number of peaks 

and loss of sensitivity f o r  U ( V I )  was also observed. The pH of the 

mobile phase 15% ACN-water, 25mMA NaH PO and 10mMA TBAC104 was 

varied from 3-2 with 10% H PO in order  t o  investigate its e f f ec t  on 

the  resolution of acidity and U(V1) .  A t  pH 3 the U ( V I )  peak height 

reduced significantly, however the resolution improved as compared t o  

pH 2. The lowering of U ( V I )  signals at pH 3 may be ei ther  par t ly  due t o  

t h e  hydrolysis of U(VI)  or i t  may be because of a decrease in U ( V I )  

t r i n i t r a t e  complex concentration f o r  a constant NO- A t  pH 3 only < 1% 

of the  U(V1)  is  hydrolysed as reported8. Therefore,  the later reasoning 

prevail over the fo rmer  f o r  the lowering or U ( V I )  response at pH 3. The 

optimum composition of investigated mobile phase at pH 3 having flow 

rate of 0 .4  ml min-' i s  as under, 

3' 

3' 

2 4  

2 

2 4  

2 4  3 

2 4  

3 4  

Mobil phase: ACN: Water: TBC104: NaH2P04 

15% 85% 10mM/1 25mMA 

Chromatogram in Fig.1-2 show the elution behaviour of 100 

mgl-'standard U ( V I )  in t he  eluent and 20 mgl-'in 0 . 5 M  HN03 

respectively. Whereas Fig.3 shows the calibration curve of peak a r e a  v s  
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5 
5 x 1 0 .  

0 s  
u 3 x 1 0  . 
Q 

0 20 40 60 8 0  100 120 

- u r a n i u m  Conc.(rngl-'l + 

FIG.  3 C A L I B R A T I O N  CURVE OF URANIUM (Peakarravs  conc.) 

TABLE.1 

E l e m e n t  

N a  

M g  
Ca 

S r  

B a  

A 1  

C r  

Mn 

F e  

N i  

c u  

Z r  

Mo 

Synthetic Sample of Interfering ions 

T o t a l  C a t i o n  C o n c e n t r a t  i on  136.4 g .  I - I  

g .  1-' 

4 4 . 0  

1 0 . 0  

0 . 2  

0 . 2  

1 . 4  

4 0  

0 . 1  

1 0 . 5  

1 0 . 2  

2 . 2  

0 . 4  

4 . 0  

1 . 9  

E l e m e n t  

R u  

R h  

La 

Ce 

P r  

Nd 

Gd  

Th 

B o r o n  

F l u o r i d e  

N i t  r a t e  

H ' i  o n  

g .  1-1 

0 . 3  

0 . 3  

2 . 0  

0 . 4  

2 . 2  

3 . 4  

0 . 2  

2 . 5  

0 . 3  

3 . 2  

2 5 0  

2M 
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ASSAY OF URANIUM 1595 

3 

0 5 10 15 
- Time l r n i n l  t 

Fig .4  Chromatogram shows masking of Uranium 
b y  I ron  i n  0.5 M HNO., 

Peak identification: 1 = Iron-Uranium peak. 
( Fe” = 100 mgl-’, U.= 100 mgl-’1 

2 = Unknown. 3 = NO; 

U(V1) Concentration in 0.5 HNO The response of detector is linear in 

the  range of 5-120 mgl-’ U(VI) with a correlation coefficient of 0.99. 

The peak area/concentration r a t io  i.e. external  calibration method was  

used for quantification of uranium. 

3’ 

STUDY O F  INTERFERENCES 

The interference of various elements as given in table 1 was 

investigated. To minimize the acidity e f f ec t s  and overloading of U(VII 
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1596 RIAZ, BUTT, AND UL-HAQ 

0 5 10 15 

- 'T ime l r n i n )  3 

Fig.5 Chromatog ram s h o w s  demasking of  I ron by 
us ing  5 m M / I  N q E D T A  in 0.5 M HNO, 

Peak ident i f icat ion:  1 = Uranium. 2.Iron-EDTA 
complex peak .  3 = NO; 
C o n c  of U ( V I )  a n d  Fe'3 a r e  scme a s i n  Fig.4 
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ASSAY OF URANIUM 

TABLE.  2 

A n a l y s i s  o f  I A E A - U r a n i u m  O r e  a n d  S y n t h e t i c  U ( V I )  S o l u t i o n s  

S a m p  I t  

C o d e  

C e r t i f i e d  V a l u e /  

k n o w n  C o n c  m g l - ’  

13.  17a 

7 . Z b  

2 0 . 0  

3 5 . 0  

8 0 . 0  

4PLC VALUE 

m g 1 - l  

1 3 . 8 2 0 ,  10 

7 . 6 k 0 . 2  

1 9 . 5 t 0 . 2  

3 4 . 2 k 0 . 2  

7 8 . 9 k 0 . 4  

RSD 

0 . 7  

2 . 6  

1 . 1  

0 . 6  

0 . 5  

P h o t o m e t e r i  c 

V a l u e  m g 1 - l  

1 6 . 1 + 0 . 6 0  

8 . 7 t O .  4 

2 1 . 1 ? 0 . 4  

3 5 . 8 + 0 .  2 

8 2 . 4 + 0 .  3 

R SD 

3 . 7  

4 . 6  

1 . 9  

0 . 6  

0 . 4  

s - s = T o r b e r n i t e  ( U  0 1 SRM, IAEA a = 0 .471%.  b =0.313% 

s - s = S y n t h e t i c  U ( V 1 )  S o l u t i o n s .  
1 2  3 8  

3 5  

on chromatographic column the  s tandard  and sample solution were  diluted 

with distilled wa te r  in order  t o  keep the  maximum acidity level of 0.5M 

HNO . I t  has  no e f f ec t  on peak symmetry o r  on quantification of 

Uranium. The consituents in Tabel-1 were  20 t imes  diluted for  1 pl 

injection volume and 100 times diluted f o r  6 pl with disti l led wa te r  

and injected individually. Only Fei3 /Fe+’ with (RT 5.52 minutes ) were  

eluted close t o  uranium peak (RT 6.35 minutes).  Iron has  a tolerence 

limit of 10 mgl-I. Above th i s  limit iron completely overlaps the  

uranium peak a s  shown in Fig.4. Interference of iron has  been avoided 

by t h e  addition of 5mMA Na’EDTA t o  the  sample, t h a t  does not e f f ec t  

t h e  response and elution behavior of U(V1) as shown in F ig .5  alongwith 

a sepa ra t ed  Iron-EDTA complex peak. Rest of t h e  investigated ions do 

not in te r fe re .  With a 6 p1 injection the  lowest detection limit (LDL) 

f o r  s tandared  U ( V I )  and f o r  U(V1) with the  in te r fe r ing  metal  ion was  2 

mgl-I and 5 mgl-’ respectively. 

3 
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1598 RIAZ, BUTT, AND UL-HAQ 

ANALYSIS O F  STANDARD REFERENCE MATERIAL (SRM) 

AND SYNTHETIC U(VI)  SOLUTION 

The developed method has  been applied for  the analysis of SRM 

IAEA-Uranium o re  Torbernite received from IAEA, Austria.  These samples 

were dissolved in aqua-regia and finally s tored in 0.5 M HN03. The 

resul ts  of SRM and s tandard U(V1)  solutions containing al l  the 

investigated interfer ing ions (Synthetic U ( V I )  Solution) analysed by 

the reported and extract ive photometric method' are compared in Table 

2. The r e su l t s  f o r  samples S ,  and S_ obtained by the  present method are 

well in agreement 

photometric values 

resul ts  of s tandard 

t o  those obtained by 

I L 

with the  certif ied values of SRMs, however the 

d i f f e r  appreciably for S and S The analytical  

U(VI )  solutions using photometric method a r e  close 

the present chromatographic procedure. 

2' 

CONCLUSION 

The developed method is applicable to  the analysis of uranium in 

complex matrices like uranium ore etc .  The reliabil i ty of t he  present 

procedure has  been evaluated by analysing IAEA (SRMs) The d a t a  show 

good precision and accuracy of t he  measurements within ? < 6% . The 

method reported herein is  relatively simple, sensitive and f r e e  of most 

of t he  ions investigated. 
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