
Indian Journal of Chemistry 
Vol. 4 1A, Septembcr 2002, pp. 1874- 1876 

Spectrophotometric determination of 
thorium(IV) using 3-hydroxy-2-(2'-thieny l)-

4H-chromen-4-one 

Amita Garg & L R Kakkar* 

Dcpartment of Chcmistry. Kuruk shctra Uni versity. KlIrlik shetra 
136 11 9, (I-Iaryana). Indi a 

Neceived 23 October 2001: revised 2 1 Febmw), 2002 

A spectrophotometric methou has bcen deve loped to determine 
thoriulll using 3-hydroxy-2-(2 '-thieny l)-4H-chromcn-4-one (HTC) 
which forms a 1:4 yellow complex in dilute acctic acid so lution 

w ith Am:!x at 430 nm. The method is free from the interfercncc of a 
large numbcr of mctal ions o f intercst. M olar absorpti vity and 
Sandell's scnsiti vity of thc complcx are 3.95 x I 04 L mol- I cm- I 

and 0.0059 i-lg cm-2
• respec ti vc ly. 

Since thorium often occurs naturall y w ith rare earth 
e lements , its separation from them and/or 
determination in the ir presence needs special 
attention . Also, thorium(IV) form s more s tabl e 
complexes than the rare earths and this fact, in the 
present investigation , has been utili zed to work out a 
spectrophotometri c method for the trace de tennina­
tion of the Fonner. Literature survey reveals that 
chromones and the ir de ri vati ves g i ve colour 
reactions 1-5 with transition metal ions even at quite 
low concentration levels and thi s behaviour of the 
reagent is extended further to cover tho rium as well, 

employ ing 3-hydroxy-2-(2'-thie nyl)-4H-chromen-4-
one as a complex ing agent and deve loping a method 
for microdeterminati on of tho rium 111 aqueous 
med ium, with the follow ing detail s . 

Experimental 
Standard stock soluti o n o f thorium(IV) containing 

I mg mL- 1 Th(lV) was prepared by d isso lving an 
accurately weighed amount o f Th(NOJ)4 .4H20 in 

distilled water. Working so luti ons at /lg mL- 1 level 
were obtained by suitable dilutions. 

Solutions of other metal ions were prepared by 
disso lving their common ly available "chemically 
pure" salts in distilled water or dilute hydrochloric or 
sulphuric acid. 

3-H ydroxy-2-(2/-thieny 1)-4H-chromen-4-one (HTC) 
was prepared6 in the laboratory and characterized. It 
was dissolved in ethanol to give 0.] % (m/v) solution. 

Acetic acid, 2 mol I- t
, was used. A UY-vi sible 

spec trophotomete r (Sh imadzu-UY-140-02) was used 
for absorbance measure ments. 

To a solution containing 20 /lg of Th(IV) in a 10 
mL measuring flask, I mL (2M) CH,COOH, and I 
mL 0. 1 % HTC were added and the vo lume was made 
up to the mark with di still ed water. T he absorbance 
measurements of the coloured spec ies were taken at 
430 nm against the simi larly prepared reagent blank 
uSIng 10 mm matched cells o n a UV -vi sibl e 
spectrophotomete r. To draw a s tandard curve, 
different microgram amounts of the metal ion were 
taken in each set and their corresponding absorbance 
va lues were noted and the g raph was plotted be tween 
the two variables. 

Results and discussion 
It has been observed that thorium, in the tetrava lent 

state, reacts with HTC forming a ye llow complex in 
acidic medium at pH 3 .3 , whose absorpti o n maximum 
li es at 430 nm . The absorbance measureme nts were 
taken in the aqueous phase as the resulting complex is 
non-extractable in nature. 

Various factors affecting the abso rbance of Th(lV)­
HTC complex were s tudied . Under the same set of 
aqueous cond itions, the absorbance o f the complex is 
influenced by the nature of the acid. At 0.2N solutio n 
for di fferent acids , the absorbance increases in the 
o rder H 2S0~ , HCI , HNO] and CH 3COOH. Hence 
CHJCOOH was the preferred acid medium for the 
format ion of Th(lV)-HTC complex . The absorbance 
increases with increase in acetic acid concentration 
and is maximum if the aqueous solut ion contains 
0.95 -1. 05 mL o f 2M CHJCOOH and shows a fall 
thereafter. In absence of HTC, the absorbance is nil. 
While it is 0 . 130 if 0.1 mL o f HTC is there in soluti on 
and reaches a maximum value of 0.340 when 0 .5-1 .5 
mL of 0 . 1 % HTC are present in 10 mL aqueous 
vo lume. Further increase in HTC content, results in 
lowering of absorbance. It is evident from the study of 

diffe rent variab les that for 20 /lg Th (IV), 0.95-1 .05 

mL of 2 mol rl CH3COOH, 0 .5-] .5 mL of 0.1 % HTC 
(in ethanol) at room temperature in a final 10 mL 
aqueous vo lume are the optimum conditions for the 

formation of the complex whose Am,," lies at 430 nm. 
The absorpt ion spectrum of Th(IY) complex 

against an analogous ly prepared blank shows 
maximum absorbance at 430 nm. The complex 
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Table I-Analys is of different samples by the proposed method 

S.No Composition of the sample Th(I V) 
Matri x" Added Found 

(..l g (..l g 

I Ce(O.I ) 10 10 

2 Dy(O.S) 13 12 

3 Pr(0.6) I S 14 

4 Fe II (0. I ) 10 10 

S Fe" I(O. I ) 13 13.8 

6 Tb(O.S), Sm(O. I ) 8 9 

7 La(O.S), Eu(O.S) II 10 

8 Tb(O.S) , Dy(O.S), Gd(O.S), Nd (O.S) 10 10 

9 Cu(O O I ), Ni(O.S), Mn(O.S ) IS 14 

10 Re(O.O I ), Ta(O.S), W(O.OOS ) S 6 

II Pt (0.0 I ), Pd(O.OO I ), As(O.S), Os( I ) 20 19 

12 Cr(O .OS ), Se(O.OS) , Ce(O.OS ) II 10 

13* La (O. OS), Ce(0.09), Pr(O.O 12), Nd(0.04S) , Sm(O.O I ) S S.8 

14* La(O.04), Ce(o.on), Pr(O.O I ), Nd(0.036), Sm(0.003) 20 19.4 

*Corresponding to Australi an M onazite. 
"Figure in bracket indica tes the amount of metal ion in mg 

obeyed Beer's law range up to 0.0-5.0 !lg Th mL- t 

and the optimum concentration range th at can be 
measured accurately , as evaluated from Ringbom 

plot , was 1. 1 to 3.5 !lg Th mL- t
• Molar absorpti vi ty 

and Sande ll 's sensitivity of the compl ex were 
3.95x 104 L mo l- t em- I and 0.0059 !lg Th cm-2

, 

respectively. For eight replicate de term inati ons 

conta ining 20 ~lg thorium each time, the s tandard 

dev iati on was found to be ±0.006 when the 
absorbance measuremen ts are effected within 15 min. 

The rat io of Th to HTC in the compl ex was 
determined as 1:4 by Jo b's method of continuous 
variati ons7

.
8 empl oy ing the ir equimo lar so luti ons. Thi s 

ratio was furth er confirmed by the mo le rati o 
method') . The probable s tructure of the compl ex is 
given in I. 

EffeCT of diverse iOll s 
The effect of diverse io ns/co mpl ex ing agents o n Ihe 

absorbance of the tho rium comp lex was a lso s tudi ed . 
Sulphate, 30 mg; acetate, chl o ride, 20 mg each; 
nitrite, thiourea, 10 mg each; nitrate, thi ocyanate, 
carbonate, bromide, iod ide, I mg each; c itrate, 0. 1 
mg; tartrate, sulphosa li cy li c ac id , 0.05 mg each; 
added pri or to the add ition of the reagent to the 
aq ueous phase in a fi na l 10 mL vo lume do not affec t 
the absorbance of the Th(lV )-HTC co mplex; whereas, 
oxalate, fluoride, EDT A, H20 2 (30%) cause 
interference by lowering abso rbance. Pre liminary 

separati o n is required in case of phosphate as 
am mo nium mo lybdophosph ate . Re(V II ), Os(V III ), 3 
mg each; Co(1 I), Ni(ll) , C u(II ), Mn(II) , As(l ll ), 
Eu (III ), Pr(lll ), Nd(lll) , Gd(lll), Dy(lII) , Tb(II1), 
Ta(V), Au( II1 ), I mg each; Ce(lV), Se(lV), Cr(V I), 
Pd(l l), W(V I), Fe(lI ), Cr(l Ir), Y (III ), Ce(l II) , Sm(1I I), 
Ho( III ), La( III ), 0. 1 mg each; Ir(lll ), Pt(lV ), 0 .01 mg 
each; in 10 mL aq ueous solution does not show any 
absorbance and are hence no n-inte rfering. Fe(lIl) ,O.1 
mg/lO mL; U(V I),0.5 mgllO mL; and Zr(lV), 0.1 
mg/lO mL; do not cause any interference if I mg of 
ascorbic ac id is al so prcscn t alongw ith in aq ueous 
solutio n in each case, However, Sb(lII) , Bi(lll ), 
Ti(IV), 0.1 mg each ; cause interference. 

The proposed method is si mpl e, very sensitive and 
is free from [he inte rference of a large number of 
meta l io ns. T he va lidity of the method is tes ted by 
ana lyz ing diffe rent sa mples of vary ing composition 
and a lso th at of Austra li an Mo naz ite as g iven in 
Tabl e I . The proposed method of determinatio n of 
tho rium is free fro m the inte rfe rence of a large 
number o f meta l io ns which are of great anal yti cal 
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importance so far as the determination of thorium is 
concerned and has an edge over some of the existing 
methods lO

-
14 in respect of sensiti vi ty, selectivity and 

accuracy . The method makes use of HTC as an 
analytical reagent for thorium for the first time. 
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