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ABSTRACT

The solvent extraction of gold (111) from hydrochloric acid mediausing 4-
(4-ethoxybenzylideneamino)-5-methyl-4H-1,2,4-triazole-3-thiol (EBIMTT)
in chloroform was studied as a function of several variables, such as
reagent, acid and metal ion concentration, effect of various diluents, and
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diverseions. Thegold (111)-EBIMTT complex was stable for morethan 24
hours with molar absorptivity and Sandell’s sensitivity of (1.8x10* L mol*
cm?) and (0.058ug cm?), respectively, which indicates applicability of the
method. Present method is effective, rapid, reproducible, and free from
interference of almost all metal ions tested. The proposed method was
further applied for the separation of gold (111) from binary mixtures, syn-
thetic mixtures, alloysand commercially avail able samples.
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INTRODUCTION

The abundance of gold in the earth’s crust is
0.004ugmL-4Y, [tiswidely used in variousindustries
(e.g., dectrica systems, fud cdlls, catdysts, biomedica
areq, etc.), duetoitsuniquephysica and chemica prop-
erties. Somegold sdtsdo haveanti-inflammatory prop-
erties and are used as pharmaceuticals (ayurvedic
samples) inthetreatment of arthritisand other smilar
conditions. Gold nanoparticalsare used intrestment of
cancer’?, Takinginto account all these applicationsitis
imperativeonthepart of theandyticd chemist toinves-
tigate newer methodsthrough which gold can berecov-
ered fromnaturd resourcesaswed | assecondary sources.

Though severd techniquesarein usefor the deter-
mination of traceand ultratrace quantities of gold®7,
the spectrophotometric techniquestill hasthe advan-

tagein respect of smplicity and low operating costs.
Hence, separation and preconcentration of tracelevel
quantities of gold isnecessary prior to actual quanti-
tativeanalysis. Severa preconcentration procedures
areavailablefor this purpose, however, most of these
aretime consuming and costly, but, liquid-liquid ex-
traction method still remains a standard method of
separation and preconcentration, because of itssim-
plicity, speed and applicability to both tracer and
macro-amounts of metal ions.

Over past few years, in aconsiderable number of
studies, several extractants have been used for the ex-
traction of traceamount of gold®¢, Most of these show
longer equilibrationtimeand difficult tosynthesize. Sul-
phur contai ning Schiff bases showed promising effects
inthefield of andytica chemistry for the separationand
estimation of platinum group metal 1. Asasoft acid,
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gold hasagrest affinity for soft baseligand containing
sulfur. A sgnificant number of sulphur reagentshasbeen
proposed for usein the extractive separation of gold
such as, tetrathi ododecane™®, mercgptobenzothiazol €9,
diakyl sulphides?, thioamide derivatived? N-substi-
tuted alkylthioured?, 3,3-diethylthietane?.

EXPERIMENTAL

| nstrumentation

A Jasco V-530 UV-Vis spectrophotometer with 1
cm quartz cellswas used for absorbance measurement;
pH measurementswerecarried out withan Elico digita
pH meter model L1-120 (+0.01).

Reagents

A stock solution of gold (I11) was prepared by dis-
solving of 1gof HAUCI, inanaytical reagent grade hy-
drochloricacid (1M) diluted to 100 ml with distilled
water and standardi zed gravimetrically!?4. A working
solution of 200ug ml-*wasprepared by diluting the stock
solution with distilled water. Other standard solutions
of different metal ionswere screened to study the effect
of foreign ions which were prepared by dissolving
weighed quantitiesof respective sdtsindilute hydro-
chloric acid. Solutionsof anionswere prepared by dis-
solving therespectiveakali meta sdtsindigtilledwa
ter. All the chemicalsused were of AR grade. Double
digtilled water wasinvariably used throughout the mea-
surements. The extractant (EBIMTT) was prepared
according to previoudly published procedure®!,

General procedure

An aqueous sol ution containing 200ug of gold (111)
mixed withasufficient quantity of hydrochloricacidand
water so asto maintain the pH value of thesolutionto
1.0. Thesolutionwastransferred into a125 ml separa:
tionfunne containing10ml of 0.1M EBIMTT inchlo-
roform and shaken for 30 seconds. After equilibration,
themixturewasalowed to separate and the metal was
stripped from the organic phase with two 10 ml por-
tions of ammoniasol ution (pH-10). The collected ex-
tract wasevaporated to moist dryness. Theresiduewas
dissolved in 5ml of concentrated hydrochloricacidto
afford aclear gold (111) solution. It wasthen estimated
spectrophotometrically by standard stannouschloride
method® at 400nmas},__ .

Hnalytical CHEMISTRY o

RESULTSAND DISCUSSION

Gold (1) reacts with extractant and forms 1:1
metal-ligand complex. The complex hasmaximum ab-
sorption at 400 nm and isstablefor over 24 hours. The
molar absorptivity (1.8<10% L mol™* cmt) and Sandéll’s
sengitivity (0.058ug cm2) of thecomplex suggeststhat
traceand ultratracelevel quantitiesof gold can bequan-
tified with required accuracy and precision. Theinflu-
enceof variousfactorslike pH, reagent concentration,
choiceof solvent and effect of foreignionsonthe ex-
traction efficiency of gold (111) has been studied for
optimizing the conditionsfor the selectiveand rapid
extraction at traceleve quantities.

Effect of acid media

Theextraction of 200 pg of gold(1lI) was carried
out fromdifferent acid mediawith0.1M EBIMTT in
chloroform keeping the aqueousto organic volumera:
tio 2.5:1. Theextraction wasfound to be quantitative
from hydrochloric, and hydrobromic acid media. The
extractionisincompleteinnitricacid, sulphuricacid and
aceticacid. Among theHC| and HBr, HCI givesbetter
phase separation, hence, the use of hydrochloric acid
systemisrecommended for further studies.

Effect of pH

The effect of pH on the extraction of gold (I11)-
EBIMTT complex into the organic phasewas studied
inorder to select asuitablepH that could beadoptedin
the determination of gold (I11) whichwasextracted in
the pH rangeof 0.1- Qusing 1M hydrochloricacid. A
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Figurel: Effect of pH on the extraction of gold (I11) with
EBIMT
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plot between pH and % extraction has been shownin
figurel. Itisobserved that thequantitativeextractionis
possibleinthe pH range 1-2. The extraction of gold
(111) isquantitativein the pH range 1-2 which may be
dueto the protonation of theligand in acidic medium.
Themaximum absorptionisobserved at pH 1.

Effect of concentration of extractant (EBIMTT)

In order to optimize the conditionsfor extraction of
gold (111), chloroform solutionsof EBIMTT withvary-
ing concentrations (0.01- 0.20 M) wereemployed and
found that 10 ml of 0.06 M EBIMTT isjust sufficient
for quantitative extraction of 200ug gold (111) from hy-
drochloric acid media, however, to ensure compl ete
extraction of metal ion, excessof ligand concentration
wasused (0.1M). But, adecreasein concentration of
extractant resultedinlower distributionratio, D

Effect of solvent

Among organic solvents (benzene, chloroform, xy-
lene, toluene, carbon tetrachloride, i sobutyl methyl ke-
tone, ethanol, and N, N dimethylformamide (DMF))
were examined for the extraction of gold(I11) with
EBIMTT from hydrochloric acid media, chloroform
medium extractsthe complex effectively without third
phaseformation.

Effect of diverseions

Extraction of gold (I11) was carried out inthe pres-
ence of diverseions, asmentioned inthe TABLE 1.
Tabulated results show that sizeable amounts of di-
verseionsdo not interferein the extraction of gold
(111). In order to test the precision of the method the
extraction processwas repeated six timesand there-
sultsobtained are 99.00+0.95%. The tolerance limit
was set as the amount of foreign ions cause + 2%
error in recovery of gold (I11).

TABLE 1: Effect of foreign ionson extraction of gold (111)
from hydrochloricacid mediawith 0.1IM EBIMTT

Foreignions added Amount tolerated

Pd' RU" Pt RA" 0.5
anl MOVI UVIMnVII Sblll Cd”CU”SW”Ni” 05
Mn's" 10
Fe"Bi" Ca'Mg" Be'Bd 20
Acetate, lodide, EDTA 100
Oxalate, Fluorides 200

—— Fyll Peper
Effect of time

Variation of the shaking period from 5 secondsto
10 minutes showed that aminimum 10 second equilib-
riumtimeisjust sufficient for quantitative extraction of
gold (111) from hydrochloric acid medium howeverina
genera procedure 30 second of timeisrecommended
in order to ensure complete extraction of gold (I11).
Prolonged shaking has no adverse effect on the effi-
ciency of extraction.

Effect of stripping agents

Strippingisthereverseof extraction, soit should
be promoted by thosefactorsthat affect extraction nega
tively. Thestripping percentagewas cal culated rl ative
totheinitial amount of gold (I11) intheloaded organic
solutions. Gold (I11) was stripped with different strip-
ping agentssuch asmineral acids, bases, and saltsafter
itsextraction. Thestripping of Gold (111) wasquantita-
tivewith 7M ammoniasolution (PH-10), however, the
stripping wasfound to beincompletewith nitric acid,
sulphuric acid, hydrochloric acid and with sodium chlo-
ride, whereasgold (111) cannot be stripped with water.

APPLICATIONS

Binary separation of gold (I11), fromiron (I11),
cobalt (1), nickel (11) and copper (11)

The method all owed separation and determination
of gold (I11) fromabinary mixturecontaining either iron
(111), cobalt (1), nickel (1) and copper (11). Inatypica
experiment, sol ution contai ning 200ug of gold (111) was
taken and known amounts of other metal ionswere
added. The separation of gold (l11) from iron(l1l),
cobalt(I1), nickel (11) and copper(Il) was accomplished
with 0.1 mol/dm® EBIMTT in chloroform from hy-

TABLE 2: Binary separation of gold (111) fromiron (111),
cobalt (11), nickel (I1) and copper (11)

Average

Composition Average %
o me‘:a] o %  R.SD Recovery R.SD.
( S recovery® (%) added (%)

ng) Rh(I11) metal

ions
Au(11)100, Fe(111)1500 99.4 0.15 99.7 0.07
Au(l11)100, Co(11)10000 995 019 996 0.13
Au(I11)100, Cu(I)5000  99.6 025 995 0.16
Au(111)100, Ni(11)5000 995 017 996 0.19

aAverage of six determination.
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drochloric acid medium. Therecovery of gold (111) and
those added ionswas 99.5% and results are reported
in(TABLE2).

Determination of gold (I11) from syntheticmixtures

Theseparation of gold (111) fromtheplatinum group
metalsand other meta sisvery difficult. A solution con-
taining 200ug of gold (III) was taken and known
amount of different compositions of metal ionswere
added followed by suitable masking agents. Under the

evaporated to moist dryness. Ten millilitersof con-
centrated hydrochl oric acid was added. The solution
waswarmed, transferred to a500-ml standard flask,
and made up to mark with distilled water. An aliquot
of this solution wastaken and gold was determined
by the genera procedure and theresultsareshownin
TABLE 4. The average recovery of gold (I11) was
99.5%.

TABLE 3: Analysisof synthetic mixtures

optimum extraction conditionsof gold (I11), aquantita- Composition of metal ions (ug) Average% R.SD
tiveextraction of palladium (I1), platinum (1V), ruthe- he Recovery® (%)
nium (111) and rhodium (111) wasalso observed how- ~ Au(100)+Pa(500) 96 007
ever co-extracted metal ionscannot beback-stripped  Au(100)+Rn(S00) 9.8 005
by 7M ammoniasolution. Thus, thereagent (EBIMTT) ~ Au(100)+P(500) %97 007
ismade selectivetowardsgold (I11) by takinganad- ~ Au(100)+Ru(500) 998 005
vantage of the stripping agent used. (TABLE 3) Au(100)+Pd(500)+Ru(200) 99.9 0.06
Analysisof alloys Au(100)+Pd(500)+Rh(200) 99.7 0.07
Au(100)+Pt(500)+Rh(200) 99.7 0.07
To 50-100 mg of the alloy of known COl’l’lpOSi- AU(lOO)+Pt(500)+Pd(200)+Rh (200) 99.6 0.06
tion, 10 ml of aquaregiawas added and the solution  sAverage of five determinations.
TABLE 4: Analysisof alloys
Alloy Composition (%) Gold taken (ng)  Gold found® (ug)  Recovery (%) R.S.D (%)
Gold 22 carat  91Au, 4Ag, 4Cu 200 198.83 99 0.07
Coinagedloy  90Au, 10Cu 200 198.81 99 0.07
Jewelry alloy  84Au, 16Cu 200 199.86 99.8 0.03
White gold 75-85Au, 8-10Ni, 2-9Zn 200 198.6 99 0.07

@Average of six determinations
CONCLUSION

EBIMTT hasproved to bean effective extractant
forgold(lll), it can besynthesized at low cost with high
yield and in the best purity and recovered for reuse
without lossof extraction efficiency. Thenovelty of the
method possesses various advantages such as; shorter
equilibrationtime, no third phaseformation, better effi-
ciency of extractant, method can be used successfully
for the quantitative analysisof gold (111) from aloys,
natural sources, secondary sourcesit is ssmple and
rapid, hence, can be used for routine separation of
gold(l11) fromrea samples. Itisfreefrominterference
from alargenumber of diverseionswhich areassoci-
atedwithgold (1) initsnatural occurrence.
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