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CHAPTERS-1IYV

RAPID EXTRACTION OF GOLIXIIID> WITH 1-C4’-BROMOPHENYL) -~

4, 4, 6-TRIMETHYL (1iH, 4H) -2-PYRIMIDINETHIOL

Introduction 3

Gold in massive form is a soft, vyellow metal with
highest ductility and malleability. From the studies of the
solar spectrum the abundance of geold in the sun is found to
be 0.04 ppm, while in the earth crust it is on an average
about 0.004 ppm. It is the most beautiful of the chemical
elements. The beauty and rarity of gold has led to its use in
jewellery and other decorative uses. It is also used in
coinage and as a standard for monetary systems throughout the
world. Gold bas high thermal and electrical conductivity,
hence is used in electronics. The infra-red refractivity of
gold leads to its use in aeronautics and space industries.
While its low chemical reactivity leads to use in lining
specialised chemical plant and alloyed with platinum in the
eroductiun of various rayon. It is also useful as a catalyst
in hydrogenation of alkenes, alkynes and dienes. The use of
gold in microelectronic circuit is increasing rapidly. Thers
is an increasing interest in the development of new gold
complexes for use in the treatment of rheumotoid arthrits and

radiocactive {-\ul‘?8 in radiotherapy. Hence, it was felt

&



necessary to develop a simple, rapid and selective method of

determining AW(III) in presence of largely associated metals.

Beamish published in 1965 a critical review of the
methods for photometric determination of noble metals.1 He
has also written an important reference work on the analyti-
cal chemistry of noble metalsz. In reviewing the work upto
early 1964, Beamish comments on the deficiency of the methods
for the more common of the noble metals, namely gold and
platinum. Recently Bhattacharya et al bhave reviewed the
reagents and methods used for the determination of gcld.3 The
monograph describing the chemistry of gold has appeared

recently.4

Numerous reagents have been proposed for the photometric
determination of Au(lIlIl). However, very few have analytical
value. BGold(IIl) forms well defined complexes with bhalide
ions. Hence the simplest method, is to convert Au(lIlIl) into
AuBr; with subsequent measurement of its absorbance. Several
spectrophotometric procedures based on the formation of
colloidal precipitate of elemental gold using e.g. stannous
‘chlorides, dimethyl aminobenzylidinerhodanineb, variamine-
blue7, etc. have been reported. The colloidal suspensions are

unstable thereby rendering the method less reliable.

Among the various oximes, di—z—pyridyiketoxime,a furil-

a—dioxime,q 4—-haptanone oximelo, bipyridyl ketoximell, and
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syn—phenyl-2-pyridyi ketoximelz have been proposed as

pxtractive photometric reagents for gold(III).

13 14

Some ketones including HTTA STTA™ ', thio—-Michler's

keton215—17, thiodibenzylmethane acetophenonels, 4., 4-bis~

(dimethylamino) thiobenzophenonelq, I-methyl—-1-phenyl-4—-tri-
fluoroacetylpyrazoline—ﬁ--onez0 are recommended as selective
extractants for Au(llI). These reagents coextract large
number of elements and require longer time for gquantitative

recovery of Au(III).

Au(IIIl) has been determined photometrically based on the
formation of easily extractable ion association complex with

the acid form of the dye or the cation forming species of the

reagent. The dyes reported are rhodamine 821, methyl

25
violetzz,ethyl violetZS, methyl bluezq, acridine orange“",

PAsz, acradine yellow27, chrompyrazol~128, etc.

-

The reagents mercaptoquinolinezq, 8- hydroxyquinolineao,

>y
32 3

bismuthiolsSI, thionaphthanic acid™ ", dithizone™ s trioctyl-

35 C
amine34, sodium diethyldithiocarbamate ~, 2-nonylpyridine—1-

oxideob, 5—-{4—dimetylaminocinnamylidene)—-1-henyl—-2-thio-—
7

barbituric acid® s+ N—phenylbenzohydroxamic acid38 and zephir—
L ]

-

amineaq have been used for the extractive photometric deter-
mination of gold (III1). The 5-(4—sodium sulphonate
phenylazo)~ B—aminoquinaline40 forms blue coloured complex
with gold (III) in basic medium. But method requires waiting

period for full colour development and reagent blank is also
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required. Gold is a strong oxidising agent. It oxidises
various organic substances to intensely coloured products in
mineral acid solutions and several methods for determination
of gold based on this principle have been described e.q.
oxidation of leuco compound of malachite greenql,

3 : .
o—tnluidineqz, omdianisidine4 . 1um150144, etc. But such

methods are unspecific.

Ascorbic acid45>forms complex which is stable for one
hour. O-aminocbenzene arsonic acid46 forms complex after 40 to
0 minutes. Complexes of D—toluidine47, NNN'N"~tetramethyl-0-
toluidine48 and azide49 are stable for very short time and
colour of the complex goes on fading. So these methods are
less reliable. In case of p—amino hippuric acidsc, solution
is kept in dark for colour development. Ammonium pyrolidine—i
—carbadithioat951 forms complex after heating on boiling
water bath, but many cations and anions interfere seriously
in this method. 1,2,4—triaznle~3~thian952 forms complex of

gold which is measurable at 250 nm.

Sanke Gowda et al have reported the use of promethazine
. . 53
hydrochloride and fluphenazine hydrochleride™, +trifluproma—
[

. . . 94 . . .
zine, promethazine, mepazine for photometric determination

of Au(IIIl) in agqueous medium, but platinum metals interfere.

Au(III) was determined recently spectrophotometrically

by the reagents such as 1,2,4,&6-tetraphenyl pyridinium per—

55 . . . . .
chlorate ', 4,4 ~bisdiethylamino thiobenzophenone dodecyldi-
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methyl'ammgnium acetatesa, 4,4 -bis diethylamino diphenvyl

thioketoneﬁ7, thio—Michler’'s ketonesg”éz, O-amino benzoic

acidég, trypan blue dyeb4, 4,4 -bis—(diethylamino) diphenvl

thioketone and zephiraminebs, crystal violetéé, polyurethane
&7

foam  , S—(4-sodium—sulphonate phenvlazo) 8~aminoquinolin968

Q
azastyrene Schiff baseséq, N-methylaniline carbodithionate7'

*

pentacyanocaminoferrate and 2,2'-bipyridine71, 7—{2-pyridyla-

3
zo)~5—-chloro--B—-hydr-oxyquinoline72 and victoria blue 87 .

Recently, for the extractive spectrophotometric deter-—
mination of gold, various reagents are used such as anisal-

3
dehyde—4—pheny1—3~thiosemicarbazone74, astrazon blue-38 GL? .
malachite green76, naphthyl bismuthi0177, methyl greenxe,
N~pheny1—N—octy1benzamidine79, methylene blueao and methyl

violet and brilliant greenBl.

Spectrophotometric determination of gold was studied

a2

x

with the systems such as Au(lll)~thiocyanate-nile blue

BJ, Au(lIll)—thiocyanate-

85

AU(III)~tin(II) chloro—crystal violet

rhodamine 384 and Au(III1) - SnC12~ malachite green

Catalytic photometry for the determination of gold was

Studied with the reagents dimethyl farmidesb and phosphomoly-—

bdic acid87

» Tris—(2-ethylhexyl) phcsphateBB extract Au(IIl:}
from 4 M HC1 medium with S ml of 30 percent of the reagent.
After stripping with 2 & 5 ml portion of water, gold(III) was
determined by SnCl2 method spectrophotometrically. Recently

highly sensitive colour reaction of meso-tetrakis (4-acetylo-
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®xyl phenyl) parphyrineq sodium dodecyl sulphate-Triton—-X--100
system has been developed for Au(lli}, but wmethod requires
heating the reaction mixture on boiling water bath for =six

minutes.

The proposed reagent in chloroform extract Auw(Ili}
quantitatively from acidic medium within 5-10 sec. The method
is rapid, simple, reproducible. The reagent allow the
enrichment of Au(IlI) at the trace ievel from a large volume

of aqueous medium even in the presence of base mztals.

EXPERIMENTAL

Standard Au(III) Solution =

Standard solution of Au(IIl) was prepared by
dissolving 100 mg of pure metal (99.994) in aquaregia, fuming
with portions of hydrochloric acid to remove oxides of
nitrogen and diluting to 100 ml with 0.1 M HCl1. The solution
was standardised gravimetrically?o. Working solutions of
lower concentration were made from it by diluting the stock

solution with distilled water.
L ]

Reagent Solution :

A stock solution (0.01 M) was prepared by dissolving

0.312 gm of reagent in 100 ml chloroform.
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Stannous Chloride Solution :

10 percent solution of the stannous chloride dihydrate
in 1 M hydrochloric acid was used. This solution should be

prepared fresh weekly.

Standard solutions of dieverse ions were prepared by
dissolving AR grade reagents in distilled water or dilute
hydrochloric acid. All the organic solvents were used after

double distillation. Mineral acid solutions were of AR grade.

Apparatus :

An Elico digital spectrophotometer model ClL-27 with a

set of 1 cm quartz cells was used for absorbance measurements

Extraction Procedure for Au(III) :

The acidity of Au(III) solution was adiusted to 2 M in
HC1l. The gold was extracted with 10 ml of 0.01 M reagent in
chloroform for 5~10 sec. The organic laver was separated and
evaporated to dryness on steam bath. The Au(lIlIi) pyrimidine—
thiol complex was destroyed by treatment with 1-2 ml of a
goncentrated perchloric and hydrochloric acids. The residue
was dissolved in few ml of aquo regia, evaporated, then 2 ml
of 24 sodium chloride solution and concentrated hydrochloric
acid were added and again evaporated. The procedure of evapo-—
ration was repeated to remove oxides of nitrogen, taking care

not to evaporate to dryness and so avoid loss of gcldQI. The



78

residue was dissolved in dilute hydrochloric acid and deter-

-

q
mined gold photometrically by the stannous chloride method .

Preparation of Calibration Curve for Gold(III) :

Take an aliquot of sample solution whichis preferably
slightly acidic. Dilute with water to about 20 mi in a 25 al
volumetric flask and add a&all at once 2 ml of stannous chloride
solution. Make up the volume to the mark with water, mix, and
allow to stand 20 min. Then determine absorbance. Prepare the

calibration curve for determination of geld(III). (Fig.1)

RESULTS AND DISCUSSION

Characteristics of Extracted Species :

4’ Bromo PTPT extracts Au(IIl) from acidic medium within
5-10 sec shaking in a single extraction. Extracted complex is
colourless and hence 1s not suitable for determination of
gold(II1l) spectophotometrically. The gold(I1l) pyrimidinethicl
I1 complex is destroyed as per recommended procedure and gold

content is determined photometrically with stannous chloride

.
method.

Effect of Acidity

The optimum acidity range for the quantitative

extraction of Au(lIII) was determined by varying HC1 concen-—
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tration over the range 0 - 10 M acid wusing 0.150 mg of
Au(III) and 10 m}] of ©0.01 M 4 —-bromo PTPT reagent. The
complex was eoutracted as per recommended procedure. The
optimum acid range was between 0.5 - 8 M HC1, 0.5 - & M HNGS,
0.5 - 5 M HCID4, 0.5 -5 M H2504, for pyrimidinethiol II but

HCl was recommended for further studies because of high distri-

bution coefficients of chloro complex.

Effect of Reagent Concentration :

The capacity of 4 —-bromo PTFT for Au{Ill) extraction at
acidity range 0.5 — 8 M HC1l with 10 ml of 0.01 M of reagent
in chloroform was 3.5 mg. Hence, for extraction of 0.1530 mg
of Au(III}, 10 ml of 0.01 M reagent in chloroform was used to

ensure the complete extraction (Fig.2),., (Table 1).

Effect of Time of Shaking :

The complexation reaction of the pyrimidinethiol with
AW(III) is quite rapid. Gold(III) in acidic medium gets
extracted with pyrimidinethiocl II with 5 to 10 sec shaking.
tpere is no adverse effect when shaking is carried out upto 5

min for the reagent.
Effect of Solvent :

Various solvents were examined as extractants for

Au(III) (4°'—~bromo PTPT)} pyrimidinethiol complex developed as
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®* Table — 1 : Effect of Reagent Concentration

Au(III) = 150 pug HC1 = 2 M

-
-3

Pyrimidinethiol II, 10 ml of = 1.0 x 10 ™M

Pyrimidinethiol Pyrimidinethiol

in ml ——
% Extraction Distribution ratio

0.5 a8 0.217

t.o 26 0.878

1.5 50 2.5

2.9 68.5 S.436

3.0 85.05 14.1

4.0 92.67 31.62

5-0 100 o

6.0 100 -

8.0 100G o

. l0.0 100 ®
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per the extraction procedure. The results in Table 2 show the
100% extraction of the complex in chloroform over the range
0.% - 8 M HC1 for pyrimidinethiol. The extraction of complie-
xes were found to be incomplete 1in carbontetrachloride,
toluene, n—-butanocl, benzene, amyl alcohol, MIBK, 4-methyl-2-
pentanol and amyl acetate. Hence chloroform was preferred as

an extractant for the complex.

Composition of Extracted Species :

The plot of log D - log C (pyrimidinethiol II) for 2 M HC)
concentration gave slope 2.0. Fig. 3 indicates that the proba-

ble extracted species has the formula 1:2 (Metal:ligand).

Effect of Diverse JIons :

The effect of large number of diverse ions on the deter-—
mination of AW(III) with pyrimidinethiol II was investigated,
following the recommended procedure. Initiaily the foreign
ion was added to the Au(III) solution in large excess 1§ 100
fold for cations and 500 fold for anions. When the inter—
ference was intensive, the tests were repeated with successi-
vlily smaller amount of foreign ion. The tolerance for foreign
ion was taken as the largest amount that could be present to
give an error less than 2% in the extraction. The tolerance
limits for ion tested are shown in Table 3. Upto 185 to 20 mg
each of Cu(Il), Ni(II), 2Zr(11), CotlIl), Cd(II), Mo(VI),

In(II), Sn(Il), W(VI), Ti(IV), Ca(Il) gave no interference
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Table - 2 : Distribution ratio of AU(III) Pyrimidinethicl I1I
complex between organic solvents and aqueous
soplutions.

Au(III) = 150 g HCl1 = 2 M
Solvent Fyrimidinethiol
% Extraction Distribution ratic

Chloroform 100 o

Carbontetrachloride 25.8 0.86

Toluens 47 .7 2.28

n—-butanol a8.6 19.42

Benzene &b .47 4.93

Amyl alcohol 76.8 73.6

MIBEK 95.0 47 .5

qemethyl-2-pentanol F3.0 47 .5

Amyl acetate P6H.02 &0.3
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Table - 3 : Effect of Foreign Ions on the Extraction
of Au(III) with Pyrimidinethiol II.

Au(III) = 150 ug

Agueous phase = 2 M HCI1

Tolerance limit Foreign ions added
in mg
15-20 Cu(Ii), Ni(II), Zr(Il), Co(II),

Cd(I1), Mo(VI), Zn(II), Sn(II),

WVI), Ti(IV), Ca(ll).

n
|

10 Mn(Il), Cr(V1l), K(I), V(VI},

Mg(II), Hg(II), Pb(II), Ba(II).

2-3 UDE(II), Te(IV}, Se(1V)
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while there is no interference from &5 to 10 mg each of
MN(II), Cr(VI), K{(I), Mg(II}), V(VI}, Hg(il}, Fb(IiI}), Ba(Il},
2 to 3 mg each of UDE(II), Te(lV), Se(lV). Silver is tolsra-—
ted in 1:1 ratio. The concentration of Pd(II) and 0s(VIII)
. . . F2-93 .
was removed by using the separation scheme . Many ions

except thiosulphate, thiourea, ascorbic acid, and iodide did

not interfere in fairly large concentration.

Enrichment Studies of Gold(III) @

Extractiion of different amounts of gold(lIII) at trace
level from 25, 30, 100, 1000 and 2300 ml solution 2 M in
hydrochloric acid containing 20 mg amounts of iron(III},
copper(ll), nickel(II) and cobait(Il) each and with subse-
guent determination showed that the recovery of the gold(III}
was quantitative and results are reproducible. Resulés of
recovery of gold(III}) from 23500 ml solution, 2 M in HCl1 with
10 w1l of 0.01 M pyrimidinethiol II in chloroform with IO min

shaking are shown in Table 4.
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Table — 4 : Determination of Gold(III) af the
ppb Level in 2500 ml of water.

Au(III), Au(III} Au(III) Au(III)
taken found recovery relative

ppb ppb yA error, %
65 64.7 99.3 0.46
70 62.8 9.7 0.29
80 80.5 100.6 0.73

(six determinations)
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