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Abstract: ThO, can produce many nuclides after accelerator bombardment, such as Actinium-225,
Radium-223, Molybdenum-99, Ilodine-131, Strontium-90, etc. There are many methods for
measuring heavy elements such as thorium, but most of them are complicated to operate.
Spectrophotometry has the advantages of simple sample preparation and low operation difficulty, and
can be used as a quantitative analysis method for thorium and other heavy elements. ThO, was
dissolved with nitric acid and hydrogen fluoride, and the concentration of Th(IV) in ThO, solution
was quantitatively analyzed with Arsenazo III as the chromogenic agent. Under the environment of
2 mol/L hydrochloric acid solution and 0.1 g/L Arsenazo III solution, the coordination ratio of
Arsenazo III and Th(IV) is 5 : 2 under the experimental conditions. The maximum absorption
wavelength before and after color development is 534.0 nm and 663.2 nm, respectively, and the
contrast is 129.2 nm. The method in 0.2-5.0 mg/L is in accordance with Lambert-Beer’s law, the
standard curve equation y=0.06641x+0.001 76, R*=10.99981. The molar absorption coefficient of
1.64x10". Method detection limit is 0.31 png/L, and quantitative limit is 0.97 pg/L. The method is
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stable within 4 h. The recovery is 97.33%-104.03%, and the largest standard deviation is 0.32%. The
method was compared with GB/T 12690.12-2003, the process was simplified and the results were

basically consistent.
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Fig.1 Visible light absorption spectrum of Arsenazo III
and Th(IV) before and after color development
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Table 1 Calculation results obtained by finite logarithm method

V[Arsenazo]/ mL 0.1 0.2 0.3 0.4 0.5 0.6 0.7
A 0.0713 0.1467 0.2003 0.2205 0.2247 0.2305 0.2358
lg [Arsenazo] —=7.890 —=7.589 —7.413 —7.288 =7.191 =7.112 —=7.045
A;
Ig d —0.374 0.197 0.705 1.058 1.173 1.394 1.770
Amax —Ai
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= 15 y=2.450x+18.878
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Fig.4 Coordination ratio of Th(IV) and Arsenazo I11
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Table 3 Noise value
88 P 00 5 {1 /(mg L)
0.0017 0.0019 0.0017 0.002 0 0.0019 0.0019 0.0018 0.0018 0.0019 0.0017
0.0019 0.0019 0.0019 0.0017 0.0019 0.0019 0.0017 0.0019 0.002 0 0.0018
4 BEY

Table 4 Stability test

FE PRt 5 W A/ e A/ AEXF
i i AR B (mgL™")  (mgL™" iR%/%
0h  »=0.06641x+0.00176 02 0.203 1.50

R=0.99981
1.0 0.986 -1.40
4.0 3.999 0.02
4h  y=0.06340x+0.00051 0.2 0.210 481
R*=0.999 80
1.0 0.979 -2.07
4.0 4.020 0.51
28 HEWE

¥t E J1 Th(IV) 4 B 1Y ThO, 75 ff T AL & 13k
7005, 45 B3 F £ 5, A x e R AE
99.10%~ 100.50%, £ A Jii 5 45 il 223K .
x5 EWE
Table 5 Accuracy test

JA#E/(mg L™ W5 (E/(mg- L™ /%
0.2 0.201 100.50
1 0.991 99.10
4 4.009 100.23

29 BEE
Xt B Th(IV) ¥ B B9 ThO, ¥ ffk R KE &

AP0 A2 10 3k, TH5 7 BI0E L Ar i 22 F0AE X A
WA 22 (RSD), 45 H 51 F 3= 6, 15 AH X A #E I
FETE 0.41%~ 1.62%, 154 o 45 il B3R .
210 £EFEBFTHR

i FLUKA #2481 i1 8 T 70 MeV, 200 pA J&i
- R SR AR AL 48 h A L, B T A
FEFEA TR P A& &, 78 R BR T gt oo
FBEOJF, BB Tk 7 URMITEE R, 1
663.2 nm U K 40 W 5E 43 A 3R — vk E
IAEE T 5 Th(IV) B MR B, I I ACHT 5 A
Ji B WO B, 28 b o i 2 A5 B0 N B M L 2
Th(IV) % HAb B 7 vk BEAIC T 35 7 Bl i
A Ve B B, AT AR UE AR 5 3 1 [l iR A S B
18 1+5% 2 ] .

7E Lh*?Th, **ThO, b #8419 8% 51 v, %t
JEAHIEAT 4 B I, 4 4 KR 4y, LR B S
PEAT Th(IV) He B 52 ), 3L A7 8 7 ok B 8 & o
XT3 7 g ik g BRAE, 1 B ] DA 25 ik A
B LI S . SR Y A S R
% 5 5 Ho At 3 7 A 3 A KT B, D0 SR B 24
T3 1 e oy B ok, PR TR BEATIN G, H
153 B8 J5 A B A8 4 1 AR T 55

xo6 KBEE
Table 6 Precision test
4 M E M/ (mg L™ SEAME/ (mg L FrifE R 22 RSD/%
1 0.194. 0.203, 0.198, 0.196. 0.201 0.198 3.21x10° 1.62
0.195. 0.203. 0.199. 0.198. 0.194
2 0.980. 0.983. 0.978. 0.980. 0.981 0.982 4.00x10™ 0.41
0.990. 0.977. 0.987. 0.978. 0.981
3 3.970. 4.009. 4.024. 4.012. 3.994 4.004 1.76x10 0.44
4.020. 4.017, 3.992. 3.980. 4.020
xk71 HEBFFH
Table 7 Coexisting ion interference experiment
BT EAEHeJE/(mg L™ Th(IV)M AR/ (mg L™ Th(IV)E(H/(mg-L™) I %
Li 400 0.1419 0.1375 96.90
Na 400 0.1419 0.1398 98.52
Al 300 0.1419 0.140 1 98.73
K 400 0.1419 0.1364 96.12
Ca 100 0.0956 0.0977 102.20
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xT1 HER
T AR/ (mg L) Th(IV)JI A/ (mg-L™") Th(IV)I5E B/ (mg-L ™) EIEA
Sc 0.02 0.0726 0.0760 104.68
Fe 0.1 0.0627 0.0623 99.36
Co 400 0.1419 0.1426 100.49
Ni 0.2 0.0600 0.0588 98.00
Cu 25 0.1090 0.1088 99.82
Zn 100 0.0956 0.0949 99.27
Ga 25 0.1090 0.1060 97.25
Ge 0.2 0.0600 0.0604 100.67
Y 10 0.0629 0.064 1 101.91
Zr 0.05 0.0708 0.0680 96.50
Mo 25 0.1090 0.1092 100.18
Ru 5 0.0629 0.0632 100.48
Rh 50 0.0761 0.0728 95.66
Cd 25 0.1090 0.1062 97.43
In 50 0.0761 0.0733 96.32
Sb 0.2 0.0600 0.0604 100.67
Te 1 0.0519 0.0505 97.30
Cs 200 0.1419 0.1470 103.59
Ba 25 0.1090 0.1036 95.05
La 1 0.0519 0.0517 99.61
Ce 0.1 0.0627 0.0639 101.91
Nd 1 0.0519 0.0544 104.82
Sm 0.1 0.0627 0.0639 101.91
Eu 0.05 0.0708 0.0705 99.58
Gd 1 0.0519 0.0507 97.69
Yb 5 0.0629 0.0643 102.23
Lu 0.1 0.0627 0.0627 100.00
Re 0.05 0.0708 0.0722 101.98
Pt 50 0.0761 0.0751 98.69
Pb 50 0.0761 0.0788 103.55
Bi 25 0.1090 0.1065 97.71
211 FHiEFEME VA EERm e, ERELE L, His

B 1 mL ThO, f§ Wl & , K H 4 B¢ 2 A [F] /K R WIS SRR TR ER RN, 2

S Al AR B B GB/T 12690.12-2003 4 14 (1) J5 T B 3~ 5 h, T AR DR o A B 58 B A2 TE

22608 WP Th B B 6 43 ) BEAT 0 A, 45 R A 1 h Y RIAT 25 50, A R /0 T # 7B N B3 Il
T3 8, Al DA 2 5 [ AR vk A L iR 25 E B IR K il
*8 HEEWR

Table 8 Comparison of two methods

B P/ (mg L™ AJEE(mg L™ AHXTR 2 EARE L EED/(mg L™ AHXF IR /%
1 41027 4.1897 2.12 3.9722 -3.18
2 2.6514 2.5758 -1.52 2.6142 —0.05

3 0.1468 0.1457 —-0.77 0.1467 —0.09
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