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TABLB 2-IR, 1 H AND 10F NMR SPBCTRAL DATA OP COMPOUNDS 3 

SI. vmtl"' (KBr ; em-•) 1 H 6 (DMSO-d8 ; from TMS) 1 °F 3 
no NH (.,aNa C-Cl CF1 C-NO" NH ArH (.,00H 

(br) {asym) (asym.) (m) (m) OH 
(sym.) (sym.) OCH1 C-CF, 

OCH~CH. 
CHa 

1. 3 360-3 110 820 795 1 125, 1 170 t 570 9 65-10.18 717-8.84 10 96(s) -55.54 
1 330 1 345 

2 3 38~-3 100 800 770 1 125, l 170 1580 9 41-10.06 7 31-8-79 10 92(s) -5620 
1 330 1345 

3. 3 380-3 100 805 775 1125,1 170 1 575 9.39-10.03 7.38-8.85 -55.48 
1 330 1 335 

4. 3 360-3 100 800 775 1 125,1170 1 570 9.61-10.05 7-38-8 81 9 61 - 10.05 - 55.48 
1 330 1 335 

5. 3 360-3 120 815 795 1 130, 1 165 1 565 9.81 -10.89 7.34-8 81 -55.54 
1 330 1 335 

6. 3 370-3 120 800 770 1 130,1 170 1 575 9.85-10.12 7 03-8.78 3.88(s) -55.18 
1 330 1 345 

7. 3 370-·3 110 800 795 1 120, 1 165 1 570 9.95-10.89 6.59-8.14 4.12(q) -55.77 
1 330 1 340 1.44(t) 

8. 3 360-3 100 800 775 1 125, 1 165 l 570 9 85-10.45 6.64-8 10 -55.57 
1 330 1 345 

9. 3 360-3 110 800 775 1 125, 1 165 1 575 9.15-10,05 6.62-8 20 UiB(s) -56.57 
1 330 1 340 

10. 3 370-3 100 800 775 1 125, 1 170 1 575 9.78-10.85 7 30-8.84 -55.77 
1 330 1 340 

br-broad, s-su:~glet, m-multlplet, as}m,-a<yrnmetry, sym.-symmetry 

dried and recrystallised from ethanol, (7.98 g, 93%), 
m.p. 259°. 

2-Chloro. 4-(2 -chloro·5·trijluoromethylani/ino)-6-
(3·nitroanilmo)-1,3,5·triazme (.2): To 1 (3.43 g, l!.012 
mol) dissolved in acetone (40 mll was added a 
solution of 3·amino-4-chlorobenzotnfl.uoride (2 35 g, 
0.012 mol) m acetone (lO ml) With continuous stirr
ing followed by the addition of NaOH solution 
(0.48 g, 0.012 mol in 10 ml of water). It was 
stirred for 3 hat 30-35°. After coohng, the reac
tion mixture was poured into ice-cold water and 
acidtfied with HCl. The resulting solid was washed, 
dried and recrystallised from ethanol, (4.33 g, 81 %), 
m.p. 230°. 

2-( Ary lanilino )·4-( 2-chloro-5-trijluorometh ylani/ino) 
-6-(3-nitroanilino)-1 ,3,5-triazine (3) : To 2 (0.003 
mol) dtssolved in 1,4-dioxane (6 ml), the solution of 
different aromatic amines (0.003 mol) tn dioxane (6 
ml) was added slo""lY followed by the addition of 
NaOH solution (0.003 mole in 5 ml of water). It 
was then heated for 3 hat 85-90°. After cooling, 
it was poured into ice-cold water. The resulting 
solid was washed, dried and recrystallised from 
ethanol (Tables 1 and 2). 
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FL \ME atom1c absorption methods for deter
mmauon of btsmuth at ppm levels m geologtcal 
materials are subject to senous matnx inter-

ferences and thetr sensitivity ts also not sufficient 
to permit d1rect measurements at such low Ievefs1• 8 , 

Donaldson • proposed a Flame AAS method for 
determtnatwn of bismuth employing DDTC- chloro
form extracuon for removal of mterferents, and 
proposed• an todide extraction method w th 
improved performance. This method 1s also 
subject to interference from copper .tnd lead, tf 
present in large amounts We have found that 
Flame ~AS measurements dtrectly from the orgamc 
phase provtde much bettt<r sensitivity without an1 
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increase in instrumental noise or interference. In 
this paper, we have described an iodide extraction 
procedure with methods for removal of copper 
and lead, where necessary, and Flame AAS 
measurements directly from the organic extract. 
The proposed method is suitable for determination 
of bismuth at ppm levels in a wide range of geo
logical samples with reasonable precision and 
accuracy. 

Experimental 
Standard bismuth solution (1000 1-'g ml 1 ) was 

prepared by dissolving metallic bismuth (99.9% 
purity) in dilute HN08 • Further dilutions were 
made before use using dilute HN08 (lN). TOPO
MIBK. reagent (2%) was prepared by dissolving 
tri-n octylamine phosphine oxide in methyl isobutyl 
ketone. All chemicals used were of A. R. grade. 

A Varian AA-6 atomic absorption instrument 
with Varian H.C. tamps was used for the atomic 
absorption measurements at 223.1 nm line using 
air-acetylene flame and standard operating 
conditions. 

Sample decomposition and preparation of the main 
solution : Powdered sample (l g) was mixed with 
HN08 (10 ml) and heated to dryness on a hot
plate. HF (15 ml) and HCIO, (~ ml) were then 
added to the dry mass and again heated to dry
ness-the procedure was followed twice. Finally, 
the mass was dissolved in HCl {20 ml ; l : l. vfv) 
in case of silicate materials or in dilute HNOs 
(20 ml ; 1 : 1 vfv) in case of sulphlde ores. The 
solution was diluted to 100 ml. 

Treatment of the main solution in case of copper 
sulphide ores : An aliquot of the main solution 
containing 5 -50 ~g of bismuth was diluted to 
about 100 ml, iron(m) solution {5 ml : 1000 1-'8 
ml- 1 } added and the mixture treated with dilute 
ammonia solution until distinctly ammoniacal. 
A 5 ml ammonia solution was then added in excess 
and the mixture boiled for l min. It was cooled 
to room temperature and filtered. The residue 
was washed several times with ammonia solut1on 
and dissolved in HCl (10 ml; l : 1, v{v). The 
solution was set aside for liquid-liquid extraction 
and FAA measurements for bismuth. 

Treatment of the main solution in case of lead 
sulphide ores: An aliquot of the main solution 
containing 5-50 pg of bismuth was diluted with 
water to about 100 ml, heated to boiling and the 
hot solution treated with H.so. (5 ml, l : 5, vfv} 
with stirring. The mass was then cooled to room 
temperature and filtered. The residue was washed 
several times with hot water. The filtrate and 
washings were evaporated to a volume of about 
SO ml and preserved for liquid-liquid extraction 
and FAA measurement for bismuth. 

Liquid-liquid extraction and FAA. measurements : 

aliquot of the main solution (5- 50 ttg Bi) in case 
of silicate rocks/zinc ores was treated with HCI 
(5 ml) and volume of the solution adjusted to about 
60 mi. Ascorbic acid (2 g) and KI (I g) were then 
added to it and the mixture was shaxeo with TOPO
MIBK reagent for l mm. The phases were allowed 
to saparate and the aqueous phase was rejected. 
The organic phase was received in anhydrous 
sodium sulphate. The supernate was used for FAA 
measurements. 

For calibration, standard solutions containing 
0, 5, 10, 15 and 20 J'8 of bismuth were mix:ed w1th 
HCI (10 ml) and diluted to a volume of 60 ml, 
followed by addition ascorbic acid (2 g) and Kl 
(I g) anJ extracted with TOPO- MIBK (5 ml} as 
described above. 

Results and Discussion 
Liquid-liquid extraction of bismuth as iod1de 

complex. is adversely affected by the presence of 
large amounts of copper or lead. So, 1t has been 
necessary to remove copper and le.1d wherever 
these are prese.1t in concentrations exceeding 0 1% 
in the original sample. The proposed separation 
procedure'i permit efficient recovery of bismuth 
without any detectable loss. The efficiency of the 
iodide extraction process for quantitative extraction 
of bismuth is aiN W¢11-estc:Lblished and very 
few eh:ments hke Hg, Sb, Cd and In are 
expected t•) be extracted along with B1. Th.e~e 
elements are normc:Llly present in very low 
amounts in rocks and minerals and hence no 
interrerence from them is generally noticeable. 

TABLE 1 -DETERMINATION OF BISMUTH IN ROCKS AND 
MINERALS 

Sample• 

Copper sulphide ore• I (Cu-4.1%)a 
Copper sulphide ore-2 (Cu-2:2.5%)" 
Copper sulphide ore-3 {Cu-12.3%)b 
Copper sulphide ore-4 (Cu-5.7%}o 
Lead sulphide ore-1 (Pb-15.2 %)• 
Lead sulphide ore-2 (Pb-35.4%) b 

p,lllymetallic sulphide ore-1 
(Cu-2.2%, Pb-0.48% Zn-1.63%)4 
Granite, B·26~ 
Granite, B-2287 4 

Lead-Zinc ore, MP-la/ 

&i found•• 
P.&fg 

22 
730 
320 
68 
18 
45 

1230 

2.5 
3.5 

310 
(32011) 

Molybdenum -tungsten ore, MP·21 0.25% 
(0.14S%h) 

•Procured from : aingaldhalu area, Chitradurga. Kar>ataka; 
bSmgllbhum, B•har; 0 Sagipalli area. Ods~a; tJRangpo area, 
Sikkim; ePurulia, West Bengal; ICANMBT. 

••Recommended value from CANMBT Report: P82-14B. 
1982; h83-14B, 1983. The solutions obtained after separation of copper 

and lead in case of copper/lead f'Ulohide ores or an ----- --------------

354 
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The proposed method bas been applied to the 
determination of bismuth in a number of materials 
and the results are presented in Table l. Two 
standard reference samples MP-Ja and MP-2 
(CANMBT) have also been analvsed for b'smuth 
by this method and the results have been compared 
with the reported values. Precision stud1es by 
replicate analysis of one granite sample (B-26) also 
gave satisfactory results (RSD-6.5%). Recovery 
bas also been checked by standard add1tion method. 
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DIPHBNYLCARBAZONB has long been ~nown 
as a reagent for the detection and determination 
of a number of metals1 - 8 • It forms chelate 

complexes with many heavy metals•• a. Ztnc{11} 
forms a purple coloured l : 2 complex• with it, but 
the complex is not easily extractable. In the 
present mveatigation it is found that in presence 
ofpyridtne, zinc(u) forms with d1phenylcarbazone 
a purple coloured complex which is completely 
extractable into methyl isobutyl ketone. This 
forms the basi!i of the present method which has 
proved to be very simple and sensitive. 

Experimental 
A Hilger-Uvispek spectrophotometer with 

matched quartz cells of 1 em optical path was used 
for absorbance measurements. pH values were 
determined with a Blico LI-10 pH-meter. 

A stock solution of zinc was prepared from 
zinc metal (AnalaR) and was standardised by 
complexometrio methode. The solutions of lower 
concentrations were prepared by appropriate dilu
tion of the stoclo solution. A 0.3% solution of 

JlCS-9 

diphenylcarbazone was prepared in absolute 
ethanol. A 5% pyridine solution in distilled water 
was used. Solutions of 0.2 M boric acid, 0 2 M 
potassium chloride and 0 2 M sod1um hydroxide 
were prepared to constitute the required buffer. 
Standard solutions of diverse ions were prepared 
from thetr chloride, nitrate or sulphate or from 
sodium, potassium or ammonium salts. 

Procedure : To an aliquot of the test solution 
containing O.l to 10 pg of zinc, 5% pyridine (2 ml) 
and buffer solution {2 ml) were added and the total 
volume was made upto 10 ml so that pH of the 
aqueou'i phase was around lO 0. To it. solutions 
of 0.3% dtpbenylcarbazone (I rol) and MlBK (10 
ml) were added and the resulting mixture was 
shaken for 5 min. The organic layer was separated 
and the absorbance of the extract was measured 
at 520 nm against the reagent blank. The zmc 
content was computed from the standard calibratron 
curve. 

Results and Discussion 
The purple coloured zinc(u}-diphenylcarbazQne

pyridme complex system extructable into MIBK, 
exhibits maximum absorbance at 520 nm when 
measured against the reagent blank and obevs 
Beer's law over the range 0.01-1 ppm of znu. 
The Sandell's sensitivity of the colour reactton i<~ 
0.00078 pg em-s and molar absorptivity 8.37 x 10• 
dm• mol-1 cm-1 at 520 nm. It was found that 
0.3% diphenylcarbazone (1 ml) and 5% pyridine 
(2 ml) were adequate for complete extraction of 
zinc (0.1 -10 pg) in the pH range 9.0- 10 0 by a 
single extraction with 10 ml of MIBK. A 0.2-1% 
dipbenylcarbazone and a l-15% pyridine can be 
used without any adverse effect to absorbance 
value. The extracted species exhibited constant 
and maximum absorption when pH of the aqueous 
phase was maintained m the pH range 9 0-10 0. 
Various solvents such as 1,2-dichloroetbane, chloro
form, carbon tetrachloride, benzene. toluene, amyl 
alcohol and MIBK were tested for extraction of 
zinc complex, but MIBK was found to be the most 
effective one. With 10 ml of MIBK. the complex is 
recovered to the extent of 99.8% by a single 
extraction. The complex is stable for more than 
24 h in MIBK. For complete extraction of the 
complex. 5 min shaking period was adequate. 
The absorbance of the complex is independent of 
temperature in the range 12-35°. Job's method 
of continuous variation" and mole-ratio methode 
indicated that a 1 : 2 complex between zinc and 
diphenylcarbazone is formed. The complex seems 
to have been stabilised by mixed ligation with 
pyridine. 

Effect of diverse ions : The effect of different 
foreign ions in the determination of zinc 
{S pg) was studied. The tolerance limit was set at 
the amount required to cause less than 3% error 
in the recovery or zinc. Estimation of zinc in 
presence of Cu'' was done using thiourea as 

3SS 


