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For spectrophotometric determination of gold, the 
use of the formation of (AuX4 ]- anion, where X=Cl, 
Br or I has long been known. For extraction of 
the complex anion, the uses of tetraphenylarsonium 
chloride 1 , cety ltrimethy }ammonium bromide 2 , [Fe 
(o-phenanthroline)a)H (Ref. 3) etc have been repor
ted. Here we report the use of benzyldimethyl
phenylammonium (BDPA) chl<;>rid~. a quarternar.Y 
ammonium salt, for the determtnatlon of gold. Thts 
reagent possesses considerable potentiality to find 
application for the determination of a null?ber of 
metal ions" when present in trace amounts 10 solu
tion. In the present investigation, we noted that 
an aqueous solution of benzyldimetbylp~enylam
monium chloride forms a yellow coloured IOn-asso
ciation complex with tetraiodoaurate(III), which is 
completely extractable into chloroform. This forms 
the basis of the present method which has proved 
to be very simple, sen~ttive and selective. 

Results and Discussion 

Gold(m) forms a yellow colouration due to the 
formation of (Aul 4,}- with potassium iodide. The 
complex anion is not extractable into chloroform. 
On addition of an aqueous solution of BDPA to 
this solution, an ion-association complex (BDP A] 
[Aul~) is formed which is extractable mto chloro
form. Some other solvents, like 1 ,2-dichloro ethane, 
benzene, l-butanol, isobutanol, amyl alcohol, ethyl 
acetate and methyl isobutyl ketone, were also tested 
as extractanrs but chloroform was found to be the 
best. 

The reagent blank itself shows negligible absor~ 
bance at 363 nm. Gold(m) complex shows constant 
and maximum absorbance (363 nm) when the extr
action was carried out in the pH range 5.8- 8.0 
yielding quantitative r~covery of gold in a single 
extraction. Beer's law ts obeyed over the concentr
ation range 1.1-14.0 ppm of gold(m) at 363 nm. 
Molar absorptivity and Sandell's sensitivity are 
2.4&x 10~ dm8 mol- 1 cm- 1 and 0.0079 1.1g cm- 2 

respectively. 

Effect of potassium iodide concentration on the 
absorbance was studied by using potassium iodide 
solution of varying concentrations. It was found that 
concentration below 0.02 M in the aqueous layer, 
produced low values of absorbance and beyond 
0.08 M, without any effect. As regards BDPA con
centration, 1 ml of 0.01 M solution of BDPA was 

adequate for the complete extraction of the complex 
for the given range of gold concentration. The 
BDPA concentration below 0.001 Min the aqueous 
layer produced low values of absorbance while 
higher concentration upto 0.1 M did not bring about 
any significant change in the values of absorbance. 
The absorbance values remains constant over a 
period of more than 12 h. 

A number of diverse ions were examined for 
their interferences in the determination of gold (4.76 
p.g ml- 1 ) by the recommended procedure. The to
lerance limit was set at the amount required to 
cause less than 3% error in the recovery of gold, 
but the upper concentration limit investigated was 
restricted to 2000-fold (w /w) of gold. Estimation of 
gold(m) in presence of Cu11 and Pt~v was done by 
using cyanide as masking agent, and ~n tl:e presence 
of Shill fluoride was used for maskmg. Interfere
nce du~ to Fell can be removed hy oxidising it to 
Felli with corc.entrated HN0 3 • Pd11 and Hgii inter
fere ~eriously and require prior removal. The follo
wing foreign ions (I) caused no interference at I :Au 
weight ratio: con, Nin, Ag1, znn, and Mn11 ~ 160; 
Crll1 ~ 50 ; Fen, Feiii and yv ~ 25 ; Pd 11 , Rhlii and 
CrVI ~ 12; Billl, Ir111 , MoVI, wvi and AsV ~ 1.2; 
acetate, phosphate and fluoride ~ 160; oxalate, 
sulphate, nitrate and cyanide ~ 20. 

The method was applied for determirat'on of 
gold in different synthetic mix~u.res co!Jtajning diffe
rent diverse ions. The composttwns of mtxtures and 
percentage recovery of gold are given in Table 1. 

TABLa; 1-ANALYSIS OJ/ SYN"fHlVfiC MIXTURHS 

Sl. Composition with Au found 
amount lpg) % no. 

I. Aulll, 47.6; Mnii, 300 : 99 03 
Cdll, 800 ; Fen. 1200 

2. Aulii, 47.6; Felli, 1000 ; 100.5 
wVI, f6; MoVI, 816 

3. Au Ill, 47.6 ; Coli. 1000 ; 99.6 
Nill. 1000 ; Cull. 667 

4. Au Ill, 47.6 ; Pdll, 50 ; 97.5 
Pbn, 640 ; Znii, sso 

A standard solution containing 4 76 p.g ml- 1 of 
gold was estimated (10 times) by the recommended 
procedure. The average absorbance was 0.60 with 
a standard deviation of 0.0085 absorbance unit and 
a coefficient of variation of 1.4%. Thus the present 
method is very simple, selective and sensitive. The 
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sensitivity of the present method (0.0079 pg cm- 2 ) is 
better than most of the commonly used spectropho
tometric methods using different reagents, viz. trifl
uoroethylxanthate6 (0.018 ~Jg cm- 11 ), cetyltrimethyl
ammonium bromide 11 (0.015 p.g cm- 2 ), acetyl pyri
dine thiosemicarbazone 6 (0.0156 llg cm- 2), hydro
bromic acid 7 (0.04 llg cm- 11 ), stannous cbloride 7 

(0 05 ~Jg cm- 11 ) for determination of gold in micro
amounts. The total operation time in each run is 
15-20 min. Good recovery of gold was achieved 
in presence of most of the common ions and rhe 
results were accurate and precise to a high degree. 

Experimental 

A Hitachi U-3210 spectrophotometer was used 
for absorbance messurements and pH values were 
determined with an Elico U-10 pH-meter. 

Procedure : To an aliquot of the test solution, 
containing 11-140 l'g of gold(m), 0.3 M potassium 
iodide (1 ml) and 0.01 M BDPA (l ml) were added and 
the total volume was made up to 10 ml with buffer 
solution and distilled water so that pH of the aqueous 
phase was around 7.0 ± 0 5. To it chloroform (10 
ml) was added and the resulting mixture was shaken 
for 30 s. The organic layer was ~eparated and the 
absorbance of the extract was measured at 363 nm 
against the reagent blank. The amount of gold 
in unknown solution was calculated from the stan~ 
dRrd calibration curve. 
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A stock solution of gold(rn) was prepared from 
gold chloride (Johnson and Mathey) and was star>
dardised by known method 8 . Solutions of Jou:er 
concentration were prepared by appropriate dilution 
of the stock solution. 
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Among the few reagents proposed for the indenti
fication of vanadium 1 , mention may be made of 
hydrogen peroxide, <-benzoinoxime, 8-hydr~ 
oxyquinoline, diaminobenzidine and based on cataly
tic oxidation of aniline. Some of the methods are 
subject to many interferences, less sensitive and 

require heating also. Recently, p-aminophenyl
mercaptoacetic acid has been used as a new diazo
tisable amine for the spectrophotometric determina
tion of nitrite 11 , cerium 11 and chromium" besed on 
azo dye formation. In the present communication, 
a new Schiff base derived from 2-furfuraldehyde and 

tBased on a paper presented at the 28th Annual Convention of Chemists, 1991. 
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p-aminophenylmercaptoacetic acid has been used as 
a reagent for the identification of vanadium. 

Results and Discussion 

The structure of the Schiff base is supported by 
elemental analysis, ir spectra and negative test for a 
free amino group. The elemental analyses data 
were found to be in agreement with those of the 
calculated values. The Schiff base showed ir bands 
at 1 490 and l 510 (furan oxygen)~ and 1 600 cm- 1 

(C= N) indicating that aldehyde has condensed 
with p-aminopbenyl mercaptoacetic acid 6 • The 
solution of the Schiff base failed to give positive test 
for diazotisation-coupling reactions2 • 

Vanadium gives a bluish violet colour with the 
Schiff base in the pH range 1.0-3.5; pH-2 was 
found to give maximum colour intensity. A 0.01 ml 
ofKCl-HCI buffer solution (pH-2) and 0.01 ml of 
0.2% Schiff base reagent were found to be optimum. 
The bluish violet vanadium Schiff base complex 
starts appearing within 10 min. The colour was 
found to be stable for 1 b. 

The effect of foreign ions that often accompany 
vanadium in diverse geological samples was 
examined by carrying out identification of 0.01 ml 
of 50 vg mi-1 of vanadium on a spot plate in the 
presence of each of these ions. The tolerance limits 
(ppm) of foreign ions were found as follows: con, 
Ni0 , Mnii, CrV1• znn, cdn, Hg11 , can, Mgii, UOaii• 
Cull, Aliii, Srn. Ball, Se1v, Pbli, Th1v, Nbv, TaV and 
Be~1 (100 each) ; Ce1V (50), MoVI and Felli (20). 
Fluoride, chloride, sulphate, nitrate, citrate, oxalate, 
phosphate and tartrate did not interfere. Higher 
concentration of Fem gave positive interference. 
The positive interference due to Feiii could be 
prevented by the addition of phosphoric acid or 
fluoride ion. The interference due to TiiV, Bilii, ZriV 
and wvr could be masked by using tartaric acid. 

Simplicity, temperaturewindependence, sensitivity 
and selectivity are the advantages of the proposed 
method. 

Experimental 

p-Aminophenylmercaptoacetic acid (98% purity, 
Evans) and 2-furfuraldehyde (Merck-Schunchardt) 
were used as such. All other chemicals were of A.R. 
grade. A stock solution of vanadium (5 mg ml- 1 ) 

was prepared from ammonium metavanadate and 
standardised titrimetrically' and diluted to give a 
standard solutiOI'I eontaining 100 fJg ml- 1 of 
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vanadium. Solution of other elements were prepared 
by dissolving suitable salts in water or dilute hydro
chloric acid. An aqueous solution of Schiff base 
reagent (FAPMA ; 0.2%, w/v) was prepared. Buffer 
solution (PH"'2) was prepared by adding 0.2 M KCl 
(12.5 ml) to 0.2 M HCI (3.25 ml) and diluting the 
solution to 50 mi. Ir spectra were recorded on a 
Carl Zeec M-80 spectrophotometer. 

2- Furfuraldehyde-4 -aminophenylmercaptoacetic 
acid Schiff base ( FAPMA) : 2-Furaldehyde (5.26 
ml) was added gradually to a solution of p-amino
phenylmercaptoacetic acid (1 mol, 100 ml) in 1M 
HCl with vigorous stirring when the solution turned 
dark reddish and started precipitating within 10 
min. The resulting mixture was heated and allowed 
to stand overnight. The 1 esulting reddish brown 
solid was washed with a1cohol and dried over 
anhydrous calcium chloride, (80%) (Found : C, 
59.9 ; H, 4.2; N, 5.2. C18 H 11N05 S calcd. for: C, 
59.8 ; H, 4.2; N, 5.4%). 

Procedure: A drop (0.01 ml) of the test solution 
was treated on a spot plate with KCl-HCl buffer 
(pH-2 ; 0.01 ml) and a 0.2% aqueous solution of 
the Schiff base reagent (0.01 ml). A bluish violet 
colour appeared within 10 min, indicating the 
presence of vanadium. Identification limit was 0.2 
p.g vanadium and the limit of dilution was 1 : 50000. 
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