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SPECTROPSOTOXETRIC DETERXWTION GF 

fiM'1W1 IN ORES USING DI-2 -  ?YkID\L 

KETOXE HY DRAZ OKE DERIVA'I I VE S 

KEY FORDS : Uranium (VI), Di-2-Pyridyl Ketone hydrazone 
derivatives, spectrophotometric 

de t e rnina t i on, Mona z 1 t e . 
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** 
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ABSTRACT 

l'wcl nethods f o r  the spectrophntonetric deterxination of uraniun! ( V I )  

are described. 

for- uranium ( V I )  with (l)di-2-pyridpl ketone nicotinoylhydrazone (DPKVR), 

The methods are based 011 the formation of colored cor.-,ieces 
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586 ABU-EID ET A L .  

and ( 2 ) d i - 2 - p y r i d y l  ketone thiophenoyliydrazone (DPKTH) i n  50% (v /v )  ethanol ic  

s c l u t i o n .  The c o r k p i e x e s  formed B uranium ( V l ) :  comp1exix;g r e a g e n t  mole 

r a t i o  of l : ? .  Plaximun a b s o r b a n c e  i s  zt 373 nm f o r  U(VI)-DPKNH, and 2 t  

389 nm f o r  U \ V I )  - DPKTH. Ranges of l i n e a r i t y ,  e f f e c  af  pH, e f f e c t  of  

e x c e s s  reager.:, s t a b i i i t y  o f  t h e  complexes ,  and r h e  t o l e r a n c e  l i m i t  f o r  

many metal i o n s  and common a n i o n s  have  been  r e p o r t e d .  The t x o  methods 

have b e e n  a p p l i e d  t o  t h e  d e t e r m i n a t i o n  of uranium i n  e y g e p t i a n  

sand ,  

monazi te  

INTRODUCT I OK 

Many methods  h a v e  b e e n  proposed  f o r  t h e  s p e c t r o p h o t o m e t r i c  d e t e r n i -  

n z t i o n  of uran ium.  Plost of t h e s e  methods a r e  b a s e d  on t h e  f o r m z t i o n  of 

coiol-ed cor .plexes f o r  u r a n i u n  (VI) w i t h  chroniogenic r e a g e n t s .  Among 

t h e s e  cnromogenic  r e a g e n t s  E r e  g l y o x a l  b i s  (7-hydroxyani l ) (GBH) and 1- 

( 3 - p y r i d y l a z o )  n a p h t h  -2- 01 (PAN) ( l ) ,  Rhodamine 6 G ( 3 ) ,  ?-hydroxy-1- 

n a p h t h a l d e h y d e  isonicotinoylhydrazone(3) and 7-(5-bromo-?-pyriiylazo)- 

j - ~ i c t t y l a m i n o p h e n o l  ( b r o n o  - PADAB) ( 4 ) .  

T h i s  p a p e r  d e s c r i b e s  two new methods t o r  t h e  s p e c t r o p h o t o n e t r i c  

d e c e r e i i n a t i o n  o f  Ltraniurr! (YI) on t h e  b a s e  of i t s  b i n a r y  complexes wirh  

d i - 2 - p y r i d y l  k e t o n e  n i c c t i n o y l h y d r a z o n e  (DPKXH) and d i -? -pyr idyl -7-  

r h i o p h e n o y l h y d r a z o n e  (DPKTH) , i n  aqueous s o l u t i o n .  

CXPERIHEXTAL 

911 r e a g e n t s  and s o l v e n t s  used  were of a n a l y t i c a l  r e a g e n t  g r a d e .  

R e a g e n t s  : 

Di-2-pyridpl  k e t o n e  n i c o t i n o y l h y d r a z o n e  ( D P K " ) .  The l i g a n d  was 

p r e p a r e d  by i n t e r a c t i c n  of d i - 3 - p y r i d y l  k e t o n e  and  n i c o t i n i c  a c i d  h y d r a z i d e  

i n  s t o i c h i o m e t r i c  amounts  and &-as r e c r y s t a i i z e d  f rom e t h a n o l  t o  a c o n s t a n t  

n e l t i n g  ? o i n t  (174 - 1 7 5 " ~ ) .  
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Di-7-pyridyl ketone-7-thiophenoylhydrazone (DPKTX). The l i g a n d  was 

p repa red  by i n t e r a c t i o n  of di-2-pyridyi ke tone  and 2- th iophenecarboxyl ic  

hydraz ide  i n  s t o i c h i o m e t r i c  amounts and was r e c r y s t a l i z e d  froin e thano l  t o  

2 cons ta i l t  me l t ing  p o i n t  ( 1 4 4  - 1 4 5 " ~ ) .  

The p u r i t y  of t h e  prepared  r eagen t s  was checked by e iementa i  a n a l y s i s  

and t h e  s t r u c t u r a l  forms were a l s o  confirmed by t h e  i n f r a r e d  spectrum of 

t h e  l i gands .  

-2 Stoch ,  10 M, r eagen t  s o l u t i o n s  

a p p r o p r i a t e  amounts i n  knom volumes 

were prepared by d i s s o l v i n g  rhe  

of e thano l .  

o-2 
Standard uranium (YI) s o l u t i o n  ?l. It wzs prepared  from UOi(K03)7. 

6H?O. The working s o l u t i o n s  were prepared  by appropr i a t e  d i l u t i o n .  

Buffer  s o l u t i o n s .  The b u f f e r  s o l u t i o n s  used were a c e t i c  a c i d  - 
sodium a c e t a t e  mix tu res  for  pH i n  t h e  range  3.0 - 6 .0 ,  hydroch lo r i c  ac id -  

borax  mixtures  f o r  pH i n  t h e  range  6.0 - 9.2, and sodium hydroxide- 

borax f o r  pH above 9.2.  

ApparatiTs : 

Perkin  - Elmer Lamda 5 u v l v i s i b l e  spec t rophotcmeter  v i t h  1x1 c m  

and d i g i t a l  pH p e t e r  PBS 750 f o r  q u z r t z  c e l l s  f o r  s p e c t r a l  s t u d i e s ,  

pH measurements were used .  

Procedure : 

Disso lu t ion  of uranium o re  ( 1 )  : 

h amount of 200 - mesh uranium o r e  i n  t h e  range 0.1 - 1 . 0  g i s  

weighed out  a c c u r a t e l y  i n  a p la t inum c r u c i b l e .  5 ml of concen t r a t ed  

n i t r i c  a c i d  and 5 ml of 487, h y d r o f l u o r i c  a c i d  a r e  added, and t h e  mixture  

i s  evapora ted  

and 5 ml of 482 h y d r o f l u o r i c  a c i d  a r e  added and t h e  mixtur? i s  evaporared  

t o  d ryness  on a hot  - p l a t e .  The r e s i d u e  is coa led  and then  d i s s o l v e d  i n  

10 ml of 5M n i t r i c  a c i d ,  f i l t e r r e d  and then  t r a n s f e r r e d  i n t o  a 25-31 

volumetr ic  f l a s k a n d  t h e  volume i s  compieted wi th  d i s t i l l e d  water .  

t o  d ryness  on a u a t e r  - b a t h .  A f u r t h e r  5 ml of n i t r i c  a c i d  
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5 aa ABU-EID ET AL. 

Sepa ra t ion  of uranium (“1) : 

Uranium (VI) i s  s e p e r a t e d  from t h e  i n t e r f e r r i n g  ions  by e x t r a c t i o n  

wi th  t r i b u t y l  phosphate  (TBP) and s t r i p p i n g  i t  back t o  t h e  aqueous phase 

( 5 ) .  

General Spec t ropho tomet r i c  procedure  f o r  t h e  de t e rmina t ion  of uranium(V1): 

A p o r t i o n  of s o l u t i o n  c o n t a i n i n g  an  amount of uranium ( V I )  w i th in  

t h e  range 5 - 350 iJg i s  t r a n s f e r r e d  i n t o  a 25 - ml vo lumet r i c  f l a s k ,  then 

5 m l  of DPKNH o r  DPKTH compiextng a g r n t  i s  added followed by 7.5 nl 

of e t n a n o l  and t h e  volume i s  completed ic i th  the  b u f f e r  s o l u t i o n  pH 8 .  

The absorbance  i s  measured a t  373 nm (wi th  DPKTH as complexing reagent )  

o r  a t  389 nm (wi th  DPKTH as complexing r eagen t )  a f t e r  10 min. a g a i n s t  

a r eagen t  b lank  a s  a r e f e r e n c e .  

RESULTS h X D  DISCUSSIOX 

Absorp t ion  Spec t r a  : 

The a b s o r p t i o n  s p e c t r a  of DPKNH, DPKTH and uraniun  ( V I )  complexes 

wi th  each  of t h e s e  l i g a n d s  p repa red  a s  desc r ibed  i n  t h e  gene ra l  procedure 

have been s t u d i e d  a t  pH 8 i n  t h e  wavelength  ran&e 300 - 500nm. The 

r e s u l t s  ob ta ined  a r e  p re sen ted  i n  Fig.1. It can be seen from t h e  f i g u r e  

t h a t  uranium (VI)-DP&YH has  one maxima a t  373 nm, while uranium ( V I )  - 
DPKTH h a s  one maxima a t  389 nm. S p e c t r a l  i n t e r f e r e n c e  of t h e  r eagen t s  can 

be e l i m i n a t e d  by t a k i n g  t h e  rneasurenents a g a i n s t  reagent  b lank  s o l u t i o n s .  

E f f e c t  of pH : 

The e f f e c t  of pH on t h e  a b s o r p t i o n  of uranium (VI) - DPKWH and 

urenium ( V I )  - DPKTH complexing systmes p repa red  a s  desc r ibed  i n  t h e  

gene ra l  procedure were s t u d i e d  i n  t h e  pH range 3.0 - 11.0. Both complex- 

ing systemsshcwed mzximum absorbance  i n  t h e  pH range 7 . 3  - 8.5 .  
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Fig. 1 : Absorption spectra for uranium (VJ) complexes Kith ( 1 )  

DPKKH (7)  DPKTH. 

Conditions : 

complexing reagent. The reference in ecch csse is a 

reagent blank. 

3.0 x loa5?: uranium (PI), 1.0 x 

Composition of the complexes : 

The composition of the uranium (VI) - DPKKH complexes were studied 

by the continous variation and the mole ratio methods. Plots of both 

methods suggested a uranium (VI): ligand mole ratio of l : ? .  
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590 ABU-EID ET AL. 

Table ( 1 )  

E f f e c t  of f o r e i g n  ions  on t h e  de te r rn inz t ion  of 46 ~2 of 

uranium (YI) 

I oT1 

c1-, ar-, C l O ,  

CH3COO-, SO:-, NO;, 

S i l i c a t e ,  Oxa la t e ,  

Bora te ,  

To le rance  l i m  

DPKKH 

85 

35 

35 

77 

?70 

3000 

2 3  

10,000 

10,000 

i n  pg us ing  

DPKTH 

6; 

3s 

2 4  

2 2  

390 

7000 

60 

10,000 

10,009 

(a )  nega t ive  i n t e r f e r e n c e .  

S t a b i l i t y  of t h e  complexes : 

The c o l o r  of t h e  uranium (VI) complexes wi th  DPKN acd DPKTH i s  

a t t a i n e d  w i t h i n  5 min. a f t e r  the a d d i t i o n  of uranium (VI) ion .  The 

c o l o r  i n t e n s i t y  remsins  c o n s t a n t  f c r  a t  least  ? 4  hours .  The va lues  cf 

t he  apparent  s t a b i i i t y  cons t an t  (log 8) f o r  uranium (VI) - DPKNH and 

uranium (1'1) - DPKTH complexing systems were c a l c u l a t e d  t o  be 8 . 9 9  and 

9.08 r e s p e c t i v e l y .  

i ng  s y s t e z s  was 12.3 Kcal.mol-'. 

While t h e  f r e e  energy  change (-.Go) f o r  bo th  conplex- 
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Table 2 

0.35 

0.35 

0.34 

0 . 3 6  

0.37 

Determination of uranium (VI) in eygeptia 
monazite sand. 

0.35 

0 . 3 5  

0.38 

0.37 

0.36 

Sample size (8) 

0.236 

0.349 

0 . 2 5 7  

0 . 7 5 3  r 
0 . 1 5 1  I 

( Z )  using 

Expected ( 6 )  

0.37 

0.37 

0 . 3 7  

0 . 3 7  

0.37 

591 

Effect of excess reagent : 

The effect of excess reagent on the absorbance of uranium (VI) compleses 

r:ith DPKW and with DPKTH has been studied. Similar results were obtzined 

for both compiexing systems. 

concentration fixed and changing the reagent concentration affected an 

increase in the absorbance up to uranium (1'1): reagent mole ratio cf l : ?  

beyond which any further increase in the reagent concentration did no 

affect the absorbance up t o  at least 1:lOO. 

It was found that keeping the uranium (VI) 

Beer's Law and sensitivity : 

Id'nen the recommended procedure i s  followed a rectilinear relationship 

i s  obtained between the absorbance and the concentration of uranium (Vl) 

over the range 0.7 - 1 4  pg ml 
reagent, and over the range 0.2 - 10 pg m? 
coaplexing reagent. The sensitivity o r  :he detemination expressed in 

terms of nolar absorptivity is 2.13 x 10 

with DPRNH and DPKTH, respectively. 

-1 at 373 nm with DPKXH as a complexing 
at 380 with DPKTH 2s a - 1  

4 4 - 1  
L mol-'cm ' and 7 . 3 3  x 10 
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I n t e r f e r e n c e  s t u d i e s  : 

The to l e rance  l i m i t  f o r  v a r i o u s  f o r e i g n  ions  i n  che de te rmi i ia t ion  of 

48 U'g of uranium (YL) wi th  DPKNH or DPKTH a s  a complesing reagen: Bi'f  

presen ted  i n  Tzble 1 .  I t  can be  seen from the  r e s u l t s  t h a t  p a l l a d i u z  (11) 

copper (II), n i c k e l  (11), i r o a  ( I J ) ,  i r o n  (111) and c o b a l t  (Ii) interfere 

s e r i o o s l y  and should be absen t  i n  both  conplexing  sys tems.  ?Ierczrry (11) 

showed s l i g h t  i n t e r f e r e n c e  and more than  7300 pg can not  be t o ? e r a t e d .  

P la t inum (II), however, i n t e r f e r s  n e g a t i v e l y  and a a r e  th sn  ? 7 0 ~ g  can n o t  

be t o l e r a t e d  with DPKNH a s  complexing r e a g e n t ,  while n5 t  m o r e  399 Crg cart 

be t o l e r a t e d  with DPKTH a s  complexing r e a g e n t .  On tile o t h e r  han:! l(?,L'@c' 

gg of o t h e r  metal  ions and common an ions  d i d  not  sno~z any i c t e r f e r c r c e .  

App l i ca t ions  : 

Tne tvo  methods have been a p p l i e d  t o  t h e  dererminz t ion  of urani..!? ('?:' 

i n  eygept ion  monazite sand .  Tne r e s u l t s  ob ta ined  by Lolloiriiig tile p r q o s e d  

procedure  a r e  compared w i t h  t h e  expec ted  va lue  ( 6 ) ,  a s  i l l u s c r a c e d  i n  Tabie 

2 .  

1 .  

2 .  

3 .  

4 .  

5 .  

6 .  
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