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A new highly selective and sensitive chromogenic reagent, 2-hydroxy-3-carboxyl-5-sulfonicarsenazo
(ASA-HCS),was synthesized and studied for determination of trace thorium. In a high concentration nitric acid
medium, thorium reacts with ASA-HCS to form a 1:2 green complex which has a sensitive absorption peak at
676 nm. A 0-0.6 ug ml—1 concentration of thorium obeys Beer’s law. The complex is formed instantly in nitric

acid medium and remains stable for 48 h at least. The stability constant of the complex is 9.76 x 1021at 25 °C, its
molar absorptivity and Sandell’s sensitivity are 1.05 x 105 | mol—1 cm—* and 0.00223 ug cm—2, respectively. Its
limit of quantification, limit of detection and relative standard deviations were found to be 14.3 ng ml—1,

4.9 ng ml—1 and 1.2%, respectively. Ca(1), Mg(11), Ag(1), Al (), K(1), Fe(tr), Co(ir), Ni(mr), Pb(ir) , Mn(ir), W(v1),

Cr(mr), Zn(mr), Cu(m), Y (ur), Mo(vi), Ce(ur) and U(vr) do not interfere with the determination of thorium, so the
selectivity is advantageous compared with other published reagents. The stepwise dissociation constants of the
reagent at A = 554 nm and A = 650 hm have been determined. The proposed method has been applied to the
determination of thorium in waste water and rare earth—magnesium-silicon alloy with satisfactory results.

1 Introduction

Thorium and its compounds are seriously hazardous. Because
of environmental pollution, the determination of thorium is
becoming increasingly important. Although strong claims are
made for the specificity and sensitivity of NAA, ICP-AES and
ICP-MS, some of the interferences to which these methods are
subject are poorly understood and continue to cause problems.t
Therefore, spectrophotometric methods for thorium determina-
tion continue to be interesting.® Savvin2 and Florenced recog-
nized that arsenazo Ill is a good chromogenic reagent, but
uranium(vi) and rare earths seriously interfere with thorium
analysis. After that, a number of reagents were synthesized and
studied for the determination of thorium, such as chlor-
ophosphonazolll,#  chlorophosphonazo-m-COOH,5  chloro-
phosphonazo-m-SOzH,8.7 p-methylchlorophosphonazo,d
dibromo-p-nitroarsenazo,® chlorophosphonazo-p-amino-

hippuric acid,10 p-arsenazo-COCHg,11 tribromoarsenazo,? p-
bromaochlorophosphonazo!3 and o-nitrophosphonazo,1# each
reagent system having its advantages and disadvantages with
respect to selectivity and sensitivity. Most of them require some
previous separation before being applied to the determination of
thorium in a complex sample so as to increase the selectivity
(see Table 1). In order to continue the search for new sensitive
and selective chromogenic reagents for the determination of
thorium and studying the influence of the substitutent group on
the analytical characteristic of the reagents, we introduced three
assisting functional groups, OH, COOH and SO3H to (1) to get
a new chromogenic reagent, 2-hydroxy-3-carboxyl-5-sulfoni-
carsenazo (ASA-HCS)(11), an asymmetric bisazo derivative of
chromotropic acid with one o-arsenic acid functional group.
The—-COOH group added to the phenyl has already been proved
to increase the sensitivity of the chromogenic reactions.5
Introducing —OH and —SO3H to the phenyl group can improve

Tablel Review of some spectrophotometric methods for the determination of thorium

Reagent e x 10-4  Tolerance limit of some metal ions (mg per 25 ml) Ref.

Arsenazo |1 512 Ti(1v)(0.1), Ce(1v)(0.5), La(ur)(0.5), U(vi) (interfere seriously) 2

Chlorophosphonazo 11 5.57 Y (1) (0.02), Ti(1v)(0.02), U(v1), Ce(1v), La(m) (interfere seriously) 4

p-Bromochl orophosphonazo 9.4 U(v1)(0.1), Ti(1v)(0.3), Ba(mr)(0.35), Mg(11)(0.5), Cu(ir)(1.0), Ce(1v), Y (1), 13
(interfere seriously)

p-Methylchlorophosphonazo 9.7 U(vr), Ce(im), Y () (interfere seriously) 8

Arsenazo-p-COCHj3 9.24 U(v1)(0.34), Ti(1v)(0.15), Ba(mr)(2.0), La(tm), Ce(1v) (interfere seriously) 11

Chlorophosphonazo-p-aminohippuric acid 9.63

K(1)(0.4), Zn(1r)(0.2), Mn(11)(0.045), Ni(1r)(0.04), Ca()(0.025), Al(m)(0.2), 10

Cr(11)(0.025), Ce(1v), Ba(in), Cu(ir), U(vr) (interfere seriously)

Chlorophosphonazo-m-COOH 10.3 Ba(11)(0.04), Bi(1m)(0.3), Ca(mr)(0.1), Cu(mr)(0.5), Pb(m)(0.2), 5
Ti(v)(0.1), Zr(1v)(0.1), Ce(1v), La(m) (interfere seriously)

Chlorophosphonazo-m-SOzH 7.0 Ti(1v)(0.3), Zr(1v)(0.2), U(v1)(0.1), Y (u1) (0.3)Ce(1v), La(tm) 6,7
(interfere seriously)

Tribromoarsenazo 10.1 Ca(11)(0.5), La(mm), Ce(m), Y (1) (interfere seriously) 12

Dibromo-p-nitroarsenazo 9.0 Y (11)(0.5), La(1r)(0.03), Ce(1v)(0.03) (interfere seriously) 9

o-Nitrophosphonazo 7.20 Y (1) (0.23), U(v1)(0.25), Ce(1v), La(m) (interfere seriously) 14

2-Hydroxy-3-carboxyl-5-sulfonicarsenazo ~ 10.5

Ca(20), Mg(40), Fe(10), Zn(20), Mo(3.5), Ce(5), U(4), La(5)
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the reagent’'s water solubility, which might be helpful in
increasing its selectivity in strong acid medium. It was found
that ASA-HCS is one of the most convenient and efficient
chromogenic reagents which has high selectivity and only gives
a sensitive reaction with thorium(iv) in a strongly acidic
medium. Its selectivity is advantageous over all other reagent
published.

In this paper, the synthesis, physical and chemical properties
of ASA-HCS and the spectrophotometric method for determi-
nation of thorium in real samples are described in detail.

AsO3H, OH OH OH COOH
OO
HOS SOaH SOaH

2 Experimental
2.1 Synthesis of ASA-HCS

2.1.1a Synthesis of 3-amino-5-sulfonic-2-hydroxyphenyl-
carbonic acid. Add concentrated H,SO,4 (70 g) to a three-
necked flask, drop in o-hydroxyphenylcarbonic acid with
stirring, heat on a water bath at 95-96 °C for 30 min, cool to
20 °C, add concentrated HNO3 (11 g) and concentrated HoSO,4
(35 g), and hold the temperature between 40-50 °C for 10 min.
A nitrate solution was obtained.

Transfer 200 ml of KCI solution (20 g of KCI dissolved in
200 ml of water) to another three-necked flask and add the
above nitrate solution dropwise with stirring. After that, heat on
awater bath, keeping the temperature at 80 °C for 30 min. Then
collect the precipitate on afilter and dry the precipitate at 80 °C;
3-amino-5-sulfonic-2-hydroxyphenyl carbonic salt is ob-
tained.

Dissolve 15 g of 3-amino-5-sulfonic-2-hydroxyphenylcar-
bonic salt in 90 ml of water, adjust to pH = 11 by dropping in
10% NaOH and add Na&xS,04 (2 g) slowly. After that, heat on a
water bath, keeping the temperature between 70-80 °C, stand
overnight, acidify the solution by adding concentrated HCI (to
pH <1), filter, wash and dry at 80 °C. 3-Amino-5-sulfonic-
2-hydroxyphenylcarbonic acid is obtained with a productive
rate of 72%.

2.1.1b Synthesis of 2-hydroxy-3-carboxy-5-sulfonazo.
3-Amino-5-sulfonic-2-hydroxyphenylcarbonic acid (5.0 g) is
dissolved in 45 ml of water, and 2.0 g of NaNO; is added and
mixed in well. The mixture is then added dropwise to 30 ml of
1:1 cold HCI to diazotize, keeping the reaction temperature
below 50 °C. Dissolve chromotropic acid (8 g) in 50 ml of 40%
NaAC solution, keep the temperature below 50 °C, drop the acid
into the above diazotized solution and stand for 4 h. After that,
acidify the solution (pH < 1) to obtain precipitate, stand for 12
h, filter and dry the precipitate at 80 °C. 2-Hydroxy-3-carboxy-
5-sulfonazo is obtained with a productive rate of 89%.

2.1.1c Synthesis of ASA-HCS. Dissolve 2-aminophenylar-
senic acid (1.8 g) in 20 ml of 1:1 HCI, add NaNO, solution
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dropwise (0.4 g of NaNO, dissolved in 4 ml of water), maintain
the reaction temperature below 50 °C. Add 3 g of 2-hydroxy-
3-carboy-5-sulfonazo and 6.0 g of LiOH to athree-necked flask,
controlling the temperature below 50 °C, and drop in the above
diazotized solution slowly. After that, stand the solution
overnight, acidify thesolutionto pH < 1 by adding concentrated
HCIl, filter and dry the precipitate at 80 °C. Thecrude ASA-HCS
was obtained with a productive rate of 58.7%.

2.1.2 Purification of crude ASA-HCS

Dissolve 1 g of crude ASA-HCS in 50 ml of water, add 5%
NaOH solution dropwise until the solution is blue and extract
six times with n-butanol (50 ml for each extraction). Then add
10 ml of 1:1 HCI to the aqueous phase and re-extract with 100
ml of n-butanol. Wash the organic phase with 10 ml of water
and add 100 ml of 5% NaOH solution for back-extraction. Next
add 10 ml of 1:1 HCl to the aqueous phase to precipitate ASA-
HCS and, after standing overnight, collect the precipitate on a
filter, wash with 1 mol 1-1 HCI and dry at 80 °C. The product
contains 5 moles of water, estimated by thermogravimetry.

The purity of ASA-HCS was checked by paper chromog-
raphy with a (5 + 2) mixture of sodium citrate and 25%
ammonia solution as eluent; a single blue band was obtained for
the pure product. The results of elemental analysis corre-
sponded with the composition of ASA-HCS.

2.2 Apparatus

Absorption spectra and absorbance were recorded and meas-
ured with aBeckman DU-7HS spectrophotometer, usinga2 cm
cell.

2.3 Reagents

Unless otherwise stated, all reagents used were of analytical
grade and all solutions were prepared with distilled water.

2.3.1 Standard thorium solution. The standard stock
solution of thorium was prepared by dissolving thorium nitrate
in agiven volume of water and the solution was standardized by
titration with EDTA. The working standard solution (10
ug ml—1) was prepared by dilution.

2.3.20.08% ASA-HCS solution. 0.08% ASA-HCS solution
was prepared by dissolving 0.08 g of ASA-HCS in 100 ml of
water.

2.4 General procedure

Transfer an aliquot of standard or sample solution containing
not more than 15 pg of thorium, add 12 ml of 10 mol |—1 nitric
acid and 5 ml of 0.08% ASA-HCS solution successively, dilute
to the mark with water and measure the absorbance at 676 nm
in a2 cm cell against a reagent blank.

3 Results and discussion
3.1 Physical and chemical properties of ASA-HCS
ASA-HCS is a violet solid and easily soluble in water. The

absorption spectra of ASA-HCS at different pH values are
shown in Fig 1. According to the absorbance of the reagent at



554 nm and 650 nm, the reagent’s dissociation constants were
calculated by following formula:14-16

k= (Ah = Ah)(h =) = (Ani = Anhw) (R =)
(A =An)h =h,) = (A -A)h -hy)

in which k;, is the stepwise dissociation constant of the reagent,
A, Ay Ay and hy, hy hy, are absorbance and hydroxyl ion's
concentration at various times, respectively. The results are
shown in Table 2.

The results show that the reagent has 9 dissociation steps and
each dissociation constant is close every other at 554 nm and
650 nm. According to the structure and the dissociation
constants of the reagent, the probably dissociation process was
proposed and listed in Table 3.

3.2 Absorption spectra

In nitric acid medium, ASA-HCS exhibits a maximum
absorption at 554 nm, whereas the Th-ASA-HCS complex gave
one absorption peak at 676 nm (see Fig. 2). Therefore, a
wavelength of 676 nm was chosen for the spectrophotometric
determination of thorium.
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Fig. 1 Absorption spectraof the reagent at various pH values [ASA-HCS]
1.25 x 10-5mol I-1. 1, 2.0 mol I=1 HCI; 2, pH = 3.00; 3, pH = 7.00; 4,
pH = 9.00; 5, pH = 11.00; 6, pH = 12.88.

Table 2 Calculated results of stepwise dissociation constants of ASA-
HCS

kn A = 554 nm A = 650 nm

ki (2034 1.100) x10-1
ko (2.38 + 0.900) x10-2
ks (1.00 + 0.700) x10-3
Ka (1.79 + 0.750) x10-6
ks (3.79 £ 0.650) x10-7
ke (2.06 + 0.200) x10-9
ks (3.61 + 0.300) x10-10
ks (2.09 + 0.100) x10-11
ko (9.14 £ 0.120) x10-14

(2,51 + 1.300) x10-1
(1.63 + 0.800) x 102
(1.60 + 0.900) x10-3
(1.39 + 0.500) x 106
(3.30 + 0.450) x 107
(1.40 + 0.150) x10-°
(3.38 + 0.250) X 10-10
(2.88 + 0.120) X 1011
(8,53 + 0.100) x10-14

Table3 Dissociation process of the reagent HoR (probably)

3.3 Effects of reaction media

The absorbance of the Th-ASA-HCS complex was amost
unchanged when H,SO,4, HCI, HNO3 and H3PO, were chosen
as the reaction media. Owing to the fact that nitric salts
solubility isvery good, we chose HNO; as the reaction medium.
In the 25 ml of solution, the presence of 1-15 ml of 10 mol -1
HNO; gave amaximum and constant absorbance; over 15 ml of
nitric acid caused the reagent to precipitate. Therefore, an
optimum amount of 12 ml of 10 mol 1-* HNO; is recom-
mended.

3.4 Effect of ASA-HCS concentration

For up to 15 ug of thorium(vr), the addition of more than 5 ml
of 0.08% ASA-HCS solution is sufficient to complete the
reaction. Therefore, 5 ml of 0.08% ASA-HCS was subsequently
used.

3.5 Stability of the chromogenic system

It was found that the absorbance of ASA-HCS-Th(vi) reachesa
maximum value instantly at room temperature and remains
stable for 48 h at least.

3.6 Composition of the complex

The composition and apparent stability constant were evaluated
by the continuous variation and molar ratio methods. Both
showed that the molar ratio of thorium(vi) to ASA-HCSis1:2,
which suggests has the structure 111. The apparent stability
constant of the complex is 9.76 x 1021 at 25 °C.

o /Th(IV)/z\
“as /\ 5 on OH  COOH

C-"100rQ
HO3S SOH SOH

3.7 Analytical characteristics

The calibration graph was constructed according to the general
procedure; Beer'slaw was obeyed over the 0-15 ug of thorium
in 25 ml of solution, the molar absorptivity and Sandell’s
sensitivity were calculated from the slope of the calibration
graph to be 1.05 x 105 and 0.00223 ug cm—2; the limit of
detection as defined by IUPACY7 and the limit of quantifica-
tion18.19 were found to be 4.9 ng mli—1 and 14.3 ng ml—1; ten
replicate analyses of atest solution containing 10 ug of thorium
by the general procedure gave a relative standard deviation of
1.2%.

3.8 Effect of foreign ions

Solution containing 10 ug of thorium and various amounts of
foreign ions were prepared and determined by the general

pH Reaction Remarks
0.00-3.00 HgR = HgR3—+3H* ki ko, ks: the dissociation of —SOzH group
5.50-6..50 HeR3— = H4R5—+2H+* ks, ks: the dissociation of —AsOzH, group
6.60-9.10 H4R5— = HaR6—+H* ke: the dissociation of -COOH group
8.50-9.50 H3R6— = H R7—+H~* k7: the dissociation of —OH group of phenyl
10.50-14.00 HoR7— = RO—+2H+* ks, ko: the dissociation of —OH groups of phenone

Analyst, 1999, 124, 1839-1842 1841
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Fig. 2 Absorption spectra. 1, absorption spectrum of the reagent against
water; 2, absorption spectrum of the complex against the reagent blank.

Table4 Effect of foreign ions

Amount Found
Foreignions added/mg Th(v)/ug Recovery (%)
K(1) 100 10.0 100
Na() 100 10.0 100
NH.(1) 100 10.0 100
Ca(in) 200 10.1 101
Sr() 20 10.0 100
Ba(m) 20 10.2 102
Mg(tr) 40 10.0 100
Fe(1) 10 10.3 103
Co(m) 40 10.0 100
Ni(ir) 40 10.0 100
Cr(1r) 40 10.0 100
Ag(1) 40 10.0 100
Al(1m) 40 10.0 100
Pb(ir) 40 10.1 100
Mn(1) 20 10.0 100
W(vI)* 10 10.0 100
Zn(n) 20 10.0 100
Mo(v) 35 10.4 104
Cu(m) 1 10.2 102
Bi (1) 1 10.3 103
Ce(1mr) 5 10.1 100
Ti(v) 1.0 10.2 102
Zr(1v) 05 104 104
U(vr) 4 101 101
Y (ux) 12 10.0 100
La(ur) 5 10.2 102
Cl— 100 10.0 100
NOz— 100 10.0 100
SO, 100 10.0 100
COz2— 100 10.0 100
F- 100 10.0 100
Br— 100 10.0 100
1= 100 10.0 100
Citricacid 500 10.0 100

a |n presence of 5 ml of 5% citric acid.

procedure. The tolerated limits (5% error maximum) are listed
in Table 4. No foreign ions studied interfere significantly with
the determination of thorium, which is an advantage over the
published methods. This new method can be applied directly to
determine thorium in various samples without previous sepa-
ration.

3.9 Determination of thorium in rare
earth—-magnesium-silicon alloy and waste water

Weigh 0.1-0.2 g of powdered sample (rare earth-silicon—
magnesium alloy) in adried Pt crucible, heat for 30 min, cool,
add 1-2 ml of HF and dissolve the samples completely, add 2 ml
of concentrated H,SO,, heat the solution to almost dry, dissolve
theresidue by adding 5 ml of 2 mol I-1 HCI, transfer the sample
solution to a 100 ml calibrated flask and finally dilute to the
mark with water.

1842 Analyst, 1999, 124, 1839-1842

Table5 Results of determination in samples®

Results by proposed
method

Results by extraction

Samples method®

Rare earth-silicon- 88-4  0.023 + 0.0002(%)

magnesium aloy  88-5 0.031 + 0.0001(%)
88-6 0.034 + 0.0003(%)
88-8 0.196 + 0.001(%)

0.023 + 0.0005(%)
0.031 % 0.0002(%)
0.033 + 0.0007(%)
0.195 + 0.007(%)

055+ 0.01
Waster water sample 1 0.56 + 0.03 (ug ml—1) (ug ml—1)
0.088 + 0.001 0.088 + 0.002
Waster water sample 2 (ug mi—1) (wg mi—1)
- §
a Xt—(n=5
Tn (n=9)

b After extraction by PMBP—acetobutyric ester,spectrophotometric deter-
mination with arsenazo I11.

Transfer the sample solution (not more than 15 ug of
thorium) to a 25 ml calibrated flask, then follow the general
procedure for the determination absorbance at 676 nm against
reagent blank. Results are shown in Table 5.

3.10 Conclusions

The proposed method is very simple and rapid. The chromo-
genic reaction completes instantly and the complex is stable for
at least 48 h at room temperature. It is also sensitive. Its molar
absorptivity is much better than those given in the literature.

The proposed method has very high selectivity. From Table
1, we can clearly see that ASA-HCS selectivity is much better
than that of any other reagent reported for the determination of
thorium. All of the ions that we studied that can avoid previous
separation cannot interfere with the chromogenic reactions.

Thus the proposed method can be used routinely for the
determination of thorium in various samples, such asalloys, ore
and waste water.

4 References

C. L. Kantipuly and A. D. Westland, Talanta, 1988, 35, 1.

S. B. Sawvin, Talanta, 1961, 8, 679.

T. M. Florence, Aust. At. En. C., Res. Establ., (Rep.) AAEC/TM, 1970,

522.

J. M. Pan, C. G. Hsu and Y. He, Microchem. J., 1987, 35, 218.

He Yi and Pan Jiaomai, Fenxi Huaxue, 1983, 12, 1000.

Pan Jiaomai, Zhou Weiliang, Zhao Hong and Zhaoo Sheng, Huaxue

Shiji, 1984, 1, 43.

7 Tian Shizhong, Li Lian, Wang Ming Zhi, Yu Mimao and Cheng
Jieke, Wuhan Univ. Acta (Anal. Chem.), 1985, 43.

8 LuoQingyal, Yu Ximai, Zhong Shiming, Dal Pinggi and Zeng Y une,
Fenxi Huaxue, 1985, 6, 481.

9 Wang Mulin, Jiang Xiuyan, Dong Xiangying and Xiangying, Fengxi
Shiyianshi, 1995, 3, 47.

10 Li XimYi, Yu Ximao, Chen Zhenhua and Zeng Y une, Huaxue Shiji,
1981, 4, 198.

11 Wu Bincai, Lihua Jianyan Huaxue Fence, 1985, 14, 202.

12 Lin Qunmi, Gao Mingxia and Liu Hengchuan, Fenxi Huaxue, 1984,
10, 900.

13 T. Yamamoto, Anal. Chim. Acta, 1973, 65, 63.

14 J Pan, Y. Chen and H. Yan, Chromogenic Reagents and Their
Applications in Spectrophotometric Analysis, Shanghai Science and
Technology Press, Shanghai, 1981, p. 416.

15 A.E. Klyginand C. K. Pavlov, Zh. Anal. Khim., 1959, 14, 167.

16 Huang Fang and Pan Jiaomai, Chinese J. Anal. Chem., 1999, 27(5),
578.

17 G.L.LongandJ. D. Winefordner, Anal. Chem., 1983, 55, 712A.

18 J G.L.LongandJ. D. Winefordner, Anal. Chem., 1980, 52, 2242.

19 J. Medinilla, F. Ales and F. G. Sanchez, Talanta, 1986, 33, 329.

Paper 9/06136C

wWN P

o oA



