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A new solvent extraction technique for the separation of gold(III) at trace amounts from hydrochloric acid 
media was developed based on the formation of an ion-association complex of tetrachloro gold anion,  
AuCl4

- with 18-crown-6 (18C6) oxonium cation in 1,2-dichloroethane. The effect of various factors (crown 
ether, acid concentration, solvent, shaking time, stripping reagent etc.) on the extraction and separation of 
gold(III)  was investigated. Quantitative extraction was achieved using 0.05 mol dm-3 18C6 in 
1,2-dichloroethane at 4 mol dm-3 HCl within 5 min. Back-extraction was carried out by 5-min shaking with 
0.1 mol dm-3 Na2S2O3 in 0.2 mol dm-3 NH3, followed by FAAS determination. Interference studies revealed 
excellent tolerance of the method to foreign ions. The method’s high selectivity was demonstrated by a 
spike recovery of >96% for gold(III)  and by the negligible extraction of silver(I). Using first-class silver 
reagents, the quantitative recovery of traces of gold(III)  was achieved up to a 20-fold preconcentration 
factor.  
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Gold  and s i lver a re  commonl y found associa ted  
wi th  each other.  Severa l  methods  for  gold  ana lys i s ,  
howe ver,  possessed  l imited  tolerance  for  the  
co-exi s t ence  of s i lver  and vice versa .  In  an  ana lys i s  
of gold  in  ores  by fl ow in ject ion  on -l ine  sorbent 
ext ract ion  preconcent ra t ion  t echnique , 1  the 
presence  of >2.5 μ g cm-3 s ilver  in ter fered 
s igni fi cant l y wi th  the  determinat ion.  In  another  
s tudy, 2  the  use  of meth yle th ylke tone/  chl oroform 
(MEK/CHCl 3)  sys tem was  found l imi ted  by the  
incorp ora t ion of s i lver  in the gold  ext ract .  On the 
other  hand,  the  presence  of gold  a t  more  than     
10  g dm- 3 cons iderably suppressed  si lver ’s  signal  in 
Elect rothermal -AAS 3 and no improvement  was 
made  even aft e r  gold  mat r ix  reduct ion through  
addi t ion of var ious  organic reductant s .  Hence ,  a 
method development  for  separa ting gold  and s ilver  
pr ior  to analys i s  i s  cons idered necessary.  

Severa l  methods  have  poor  se lect ivi ty as  shown 
in  the l imi ted separa tion  of gold  and si lver.  One 
s tudy4 uses  thiosul fa te  and ammonia  aqueous  media 
ext racted by a  primary amine-amine  oxide  mixture ,  
givin g onl y a  separa tion  fact or  (α A u / A g)  of 15 .  In  
addi t ion ,  the  use  of an  expens ive  amine  oxide was 
found impract i ca l .  Sast re et  a l . 5  on  the  other  hand, 
ext racted gold  from aqueous  cyanide  media  by LIX 
179 in  the presence  of s i lver.  The  maximum 
separat ion  factor  obta ined i s  9,  which i s  much 
lower  than the primary amine-amine  oxide 
p r oce d u r e  a n d mor e ove r,  t he  eq ui l i b r i u m p H ( 9 .8 )   

  

i s  bas ic which can promote  meta l  hydr ol ys i s .  
Burmaa et  a l . 6 s tudied the  preference  of d ibutyl  
su l fide  and se lenide  for  gold  in  con cent ra ted  HCl 
solut ions  and of d ibutyl  se lenide  and t el luride  for  
s i lver in concent ra ted  HNO3 solut ions .  A review7 
ci t ed  the potent ia l  of these  extractant s,  but  no 
inves t iga t ion was  repor ted  on the  actual  separat ion 
of gold  and si lver  from a  common acid  solut ion.  

Solvent  ext ract ion  t echniques a re cons idered 
invaluable tool s  for  the  separat ion purposes of  
precious  meta l s. 7  At  present ,  our  research group 
has  done  severa l  s tudies  on the  use  of cr own e thers 
for  the  separa tion  of d i fferent  meta l s  found 
adjacent to each other in the per iodic t able by 
solvent  ext raction t echniques.  The synergi s t i c 
act ion  of thenoyl t r i fluor oace t one  and 
dibenzo-18-crown-6 (DB18C6)  was found 
success ful  in  the  separat ion  of cadmium and zinc8  
in  solut ion ,  as  well  as  for  l anthanum and bar ium. 9 
Separa tion of the  precious  meta ls  such as 
p la tinum, 1 0  pa l l adium, 11  rhodium1 2  and i r idium1 3  
from each other  was  a lso made poss ib le through the  
format ion of ion-associa t ion complexes  with 
ca t ionic d icycl o-18-cr own-6 (DC18C6) .   

Previous  s tudies 1 4 , 1 5  on  the  use of cr own e thers 
for  gold  ext ract ion  were a lso found,  howe ver,  none  
of which repor ted any pract i ca l  appl i ca t ion .  In  th i s 
work,  the  potent i al  of 18C6 cr own e ther  for  the  
ext ract ion  and separa t ion  of gold  from s i lver  was 
inves t iga ted .  The  appl i cabi li ty of the  prop osed 
method for  the  i sola tion,  preconcent ra t ion and 
de terminat ion of t r aces  of gold  was  examined by 
spike recover y s tudies using fi r st -cl ass  si lver 
reagent s .   
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Experimental 
 
Apparatus  

A Hi tachi  Polar i zed Zeeman Type  At omic  
Abs orpt ion/  Flame Emiss ion Spect rophotometer,  
model  Z-6100,  a  Taiyo Re cipro Shaker,  model  SR-II  
and a  Tomy Seiko Swin g Type Cent r i fuge ,  model  
CD-50R,  were  used.  
 
Reag ent s  

Standard solut ions  were prepared by d i lut ion  of a 
1 ,000μg cm-3 gold( III)  s tock solut ion ( f  = 1.003)  in 
1 .0  mol  dm- 3 h ydrochlor i c acid  (CICA-Merck,  
Japan) to the working range.  18C6 (99% pur ity)  was  
purchased from Acr os  Organics ,  US A.  Al l  aqueous  
solut ions  were prepared us ing di s t i l l ed-de ionized 
water (Nanopure  sys tem,  Barnstead Ltd .  USA) .  Al l  
other  chemical s  were of guaranteed grade  and were 
used without  fur ther  pur i fi ca t ion .  

 
Procedure 
Solvent  Extraction .   A sample a liquot  (5 cm3)  of 4  
mol  dm- 3 h ydrochlor i c a cid  solut ion  conta in ing 
gold  (0 .5  –  10 μ g cm - 3)  was  p laced  into a  30-cm 3  
glass -s toppered cent ri fuge  tube .  A 5 cm3 of 1 ,2- 
d ichloroethane  solut ion  conta in ing 0.05 mol  dm- 3 
18C6 was  added to the  cent ri fuge  tube ,  and the 
mixture  was  shaken on a  shaking machine  for  5  min .  
Phase separa tion was car r i ed out by cent r i fugat ion  
a t  2,000 rpm for  10  min.  The organic phase was 
col l ected  by pipe t t ing into another  centr i fuge  tube 
for  back-ext ract ion.  
Back-ex t raction.   The gold-l oaded  organic phase  
(5  cm3)  was shaken with 5 cm3 of 0.10 mol dm-3 

Na2S2O3 in 0.10 mol dm-3 NH3.  The amount  of gold  
s t r ipped from the  organic phase  was  determined by 
Flame-AAS at 242.8 nm under  inst rument `s 
opt imum se t t ings .  
 
 
Results and Discuss ion 
 
Effec t  o f  crown ether  
 The select ivi ty of the crown e ther for  the 
separat ion  of gold  and s i lver  was  h ighly cons idered 
in  the  opt imiza t ion.  The crown e ther s  inves t iga ted 
were  DC18C6,  18C6 and DB18C6.  The extract ion  
behavior  of gold  and s ilver  was examined at  1-12 
mol  dm- 3 h ydrochlor i c acid  solut ions  us ing 0.05 
mol  dm - 3 con cent ra t ion  of the  cr own e ther  in  1,2  -  
d ichloroethane  us ing a  5 -  min  shaking t ime.  A 1:1  
phase volume ra t io was adopted.  Amon g the 
inves t iga ted  crown e thers ,  18C6 gave  exce l l ent 
se lect ivi ty (Fig.  1)  for  the  t et r achloro gold  anion,  
AuCl 4

- ,  which i s r eadi ly ext racted  in  the organic  
phase  while  s i lver  remains  in  solution.  The 
format ion  of unext ractable  s i lver  chloro complexes ,  
AgCl n

( n - 1 ) - ,  account s  for  s i lver `s negl igib le 
ext ract ion a t  h igh hydr ochlor i c acid  con cent ra t ions .  
Moreover,  Fig.  1  a l so shows that  at  ≥ 2 mol  dm- 3  
acid  solut ions ,  the  high se lect ivi ty of 18C6 a l so 
result ed  in  gold`s  quant i ta t ive  extract ion.  For  
subsequent  exper iment s ,  a  4  mol  dm-3 concent ra t ion  
of h ydrochl or i c acid  was  used.  
 

 
 

 
 
 
 
 
 
 
 
 
Fig.  1  Effe ct  of h ydr ochl or i c acid  on the  ext ract ion 
of gold  ( IV)  (▅ )  and s i lver  ( I)(〇 )  by 0 .05 mol  dm-3  
18C6 in 1 ,2-dichloroethane .  
 
 
Selec t ion  o f  back-ex t racting  agent  
 Various  s t ripping reagent s  were  studied us ing an 
organic phase  solut ion  of 0 .05 mol  dm- 3 18C6 in  
1 ,2- d ichloroethane  loaded with  10μ g cm- 3 gold .  A 
1:1  phase  volume was  mainta ined.  The s tr ipping 
solut ions  inves t iga ted  were : 11.0 mol dm-3 HCl + 0.05 
mol dm-3 KSCN, 1.0 mol  dm- 3 NH3 -NH 4Cl , 1 1  0.10 mol  
dm- 3  NaOH, 1 6  0.30 mol  dm- 3  t h iourea , 5  0.10 mol  dm-3 

Na 2S2 O3
4 and 0.10 mol dm-3 Na2S2O3 in 0.10 mol dm-3 NH3.4 

Back-ext ract ion us ing 0.10 mol dm-3 Na2S2O3 in 0.10 mol 
dm-3 NH3 was  able  to r ecover  gold  quanti t at ive ly 
from the  loaded organi c phase  aft e r  a  30-min 
shaking t ime.   
 
Effec t  o f  so lvent  
 Di fferent  organic s olvent s  were  inves t iga ted  for  
the  opt imum ext ract ion of gold  wi th  18C6 from 4 
mol  dm- 3 h ydr ochlor i c acid  solut ion.  The examined 
solvent s  were  as fol lows : chlor oform,  
o-dichlor obenzene,  n i t robenzene,  1,2- 
d ichloroethane ,  cyclohexane ,  toluene  and benzene .  
It  was  found tha t  the extractabi l i ty of gold  was  
quant it a t ive  as the ion  pa i r complex wi th 
protonated  18C6 in chloroform,  1 ,2- dichloroethane  
and o- d ichloroben zene .  1 ,2- dichloroethane  was 
se lected ,  because  i t  i s cheaper than 
o-dichlor obenzene and does  not  drip  eas ily fr om the  
p ipe tt e  t ips in cont ras t  to chlor oform.  
 
Effec t  o f  shaking t ime and phase volume ratio  
 The opt imum shaking t ime was  ascer t ained by 
measur ing the recover y of gold  aft e r  15  sec –  45 
min shaking per iods ,  as shown in Table 1 .  It  was 
found tha t  the  method gave  rapid at t ainment of  
ext ract ion equi librium for  gold  in  ei ther forward or  
backward extract ion wi thin  3 min.  A 5-min shaking 
t ime was t aken as opt imum for  both procedures  to 
ensure comple te  r ecover y.  
 The volume ra t io of the  aqueous  phase  to the 
organic phase  was  var i ed  dur ing gold  ext ract ion,  
and the  precon cent ra tion fact or  was  de termined.  
For  a  s ingle extract ion ,  i t  was  found that  the 
quant it a t ive  recover y of gold  was  a t t ainable  up to 
20- fold  (Vaq/Vorg = 10 :0 .5) .  

0 2 4 6 8 10 12

0

20

40

60

80

100

Ag(I)

Au(III)

%
E

HCl (mol dm-3)



 

 

ANALYTICAL SCIENCES 2001, VOL.17 SUPPLEMENT i727 
  

Table  1  Effect  of shaking t ime on gold  extraction 

Recover y,  %  

Time 
Forward 

ext ract ion 
Backward 
ext ract ion 

   
15  sec  90   61  
 3  min 100  98  
 5  min  98  101 
10 min  97  100 
15 min  98   99  
30 min 100  97  
45 min  99  100 

    
HCl : 4  mol dm-3; 18C6: 0.05 mol dm-3; Solvent: 1,2- 
Dichloroethane 
 
 
 
 
Compos i t ion  of  ex t racted  spec ies  
 Us ing the  s lope  ana lys i s  method,  the  comp os i t ion  
of the  ext racted  species  on the  ext ract ion of gold  
wi th  18C6 in  1,2- d ichloroethane  was  inves t iga ted 
a t  a  fixed hydrochlor i c acid  concent ra t ion  of 4  mol  
dm- 3.  The  plot  of l og D vs  log [18C6 ]o r g  ga ve  a  
s t raight  l ine  with  a  slope  of 1 .01  as  shown in  Fig.  2,  
and the resul t  i s cons i s t ent with a previous  research 
made by Koshima et  a l . 1 5  Thi s sugges t s  tha t  under 
h ighl y acidic condi t ions ,  the te t rachloro gold  anion,  
AuCl 4

- ,  i s  ext racted  as  an  ion- associa t ion complex 
wi th  the  s t able  18C6 oxonium ca t ion.  Thi s  r esul t  
expla ins  the  inext ractabi l i ty of gold  under  basic 
condi t ions ,  where the format ion of 18C6 ox onium 
ca t ion i s  imposs ible .  The  result ing ion-associa t ion 
product ,  [H3O∙18C6]+[AuCl4]-,  i ndica tes a metal  to 
crown e ther rat io of 1 :1 .  
 
 
 

 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig.  2 Effect  of var ying the  concent ra t ion of 18C6 
on the  d i st r ibut ion rat io of gold  in  1,2- 
d ichloroethane  a t  4mol  dm-3 HCl .  
 

Eff ec t  o f  foreign ions  
 The inter ference  due to the presence  of fore ign  
ions  in the extract ion and de termination of gold  
was  inves t iga ted,  and the method`s  tole rance  l imi t  
for  each fore ign ion  was identi fi ed .  Under opt imum 
condi t ions ,  var ious  concent ra t ions  of the  fore ign 
ion were spiked individually in  1μ g cm- 3 gold  
solut ion before  extract ion.  The recover y da ta  are 
summar ized in  Table  2.  It  was  observed tha t  the 
method gave  exce l l ent tole rance for  fore ign ions .  
Al thou gh i r id ium1 3 a t  4  mol  dm- 3 h ydr ochlor i c a cid  
solut ion in it i al ly r educed gold `s  r ecover y to ab out  
50%,  the  use  of back-washing t e chnique  was  able  to 
r e l ieve  th i s inte r ference .    
 
 
 

Table  2  Effect  of fore ign ions  on gold  ext ract ion  

Fore ign ion Tolerance  l imi t  
( t imes that  of gold)  

Recover y of 
Gold ,  % 

   
Na+   300 103 
K+   300 100 
Li+ > 500  96 
Rb+ > 500  97 
Mg2+   400  98 
Ca2+ > 500  96 
Cu2+   300 100 
Fe3+ > 400      96 (ppt) 
Zn2+   300  96 
Cd2+ > 400 100 
Mn2+ > 400 101 
Pb2+ > 500  96 
Ni2+   400  98 
Co2+ > 500  95 
NO3

- > 500 101 
SO4

2- > 500  97 
SCN-   400  98 
Pd2+ > 400 102 
Rh3+ > 400  95 
Pt4+   200  98 
Ru3+   200 102 
Ir4+ > 200   99a 

    
HCl : 4  mol dm-3; 18C6: 0.05 mol dm-3; Solvent: 1,2- 
Dichloroethane; Shaking time: 5 min            
a :After  back-washing 
 
 
Analy ti cal per formance 
 A l inear ca l ibra tion  curve  (r 2=0.9999) was 
obta ined in the range  of 0–10μg cm-3 Au in  0 .5  mol  
dm- 3 h ydrochlor i c a cid  aft e r  measurements  of peak 
area of absorpt ion  us ing FAAS a t 242.8 nm. The 
detect ion  l imit  (average  of b lank va lue  p lus three 
t imes  i t s s t andard devia t ion)  was 0 .25 ng cm- 3.  The  
proposed method (Fig.3)  was  appl i ed  to the 
separat ion of gold  and si lver us ing spike  recover y 
s tudies  and the  resul t s a re summar ized  in Table  3.  
The  preci s ion  was good ( s t andard devia tions  < 6%). 
A ba ck-washing s t ep  was  necessary for  the  
comple te  separa tion of gold  and s i lver,  otherwise,  
2-6% s ilver  can  be found in  the gold  ext ract .  In  a l l  
cases ,  gold  was quant it a t ive l y ext racted  by the 
proposed method.  
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Fig.  3  Anal yt i ca l  scheme for  the  determinat ion of 
gold  t races  in  hydrochlor i c a cid  media  
 
 
 

Table  3  Separat ion  of gold  and s ilver  

Metal added,  
μg cm-3 

Metal found,  
μg cm-3 a 

Recovery, 
% 

Au Ag Au Ag Au Ag 
      

  1   1  1.01 ±0.01 0.04 ±0.01 101  4 
 10   1 10.03 ±0.15 0.06 ±0.01 100  6 
100   1 95.67 ±1.53 0.02 ±0.01  96  2 
  1   1  0.99 ±0.04 0b  99  0 
  1  10  1.00 ±0.01 0b 100  0 
  1 100  1.01 ±0.02 0.029 ±0.005 b 101 0.03 

       
HCl : 4  mol dm-3; 18C6: 0.05 mol dm-3; Solvent: 1,2- 
Dichloroethane; Shaking time: 5 min 
a: Mean value of 3 determinations  b : After  back-washing 
 
 

Table  4 Trace  enr i chment of gold in si lver  samples  

Sample, 
100 

μg cm-3 

Precon- 
centration 

factor 

Gold 
Added, 
μg cm-3 

Gold 
Found 

μg cm-3 
a
 

Recovery, 
% 

     
AgNO3  1  1  0 .96 ±0.02  96  

 10  0 .1  1 .02 ±0.04 102 
Ag2SO4 20 0 .05 1 .04 ±0.06 104 

      
HCl : 4  mol dm-3; 18C6: 0.05 mol dm-3; Solvent: 1,2- 
Dichloroethane; Shaking time: 5 min 
a: Mean value of 3 determinations           

It  i s  a l so impor tant  to ment ion that  the  4 mol  
dm- 3  con cent ra tion  of h ydr ochlor i c a cid  adopted  
l imi ts  the presence  of s i lver  in solut ion to a 
maximum of 100 μg cm - 3 due  to the  observed  
precipi t at ion  (AgCl )  a t  h igher  l eve l s .  On the basi s 
of gold `s  ext ract ion behavior  in  Fig.  1 ,  thi s 
l imi ta t ion  can be rel ieved by us ing more  
concent ra ted  hydrochl or i c acid  solut ions .  
 
Gold preconcent rat ion  
 The potent ia l  of the  method for  gold  
precon cent ra t ion was  al so inves t iga ted.  For  thi s 
purpose ,  AgNO3 (99.8% pur i ty)  and Ag2SO4 (90% 
pur i ty)  fi r s t -cl ass  r eagent s  were  spiked wi th  0.05 – 
1 .0μg cm-3 gold  and the  result s a re given in  Table  4.  
Thei r gold  content  was under de tect ion  l imi t  (0.25 
ng cm- 3)  a ft e r  20  t imes  preconcent ra t ion .  The 
observed quant i t at ive  recover y (>96%)  on the  other  
hand,  shows the  capabi l i ty of the  method to 
precon cent ra te  t r ace  leve l s  of gold  in  s i lver 
mat r i ces  up to 20-fold .   

Based on the result s by ion-ass ocia t ion  complex 
format ion ,  the  proposed method was  found to give  
exce l l ent se lect ivi ty for  gold  ext ract ion over  s i lver 
and per form 20- fold  precon cent ra t ion .  The  use  of a  
more  sens it ive  AAS ins t rument therefore ,  combined 
wi th the method`s  high tolerance for  co-exi s t ing 
fore ign  ions ,  can  l ead  to be tt er  per formance  which  
can be  appl ied  in  the  de termination  of ver y l ow 
leve l s  of gold  such as  tha t  found in  natura l  
water s. 1 7  
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Au (10μg cm-3), Ag (10μg cm-3) 

←4 mol dm-3 Hydrochloric acid, 5 cm3 
←0.05 mol dm-3 18C6 in  

1,2- Dichloroethane, 5 cm3 
Shake for 5 min 

 Centrifuge (2000 rpm for 10 min) 

 
Aqueous phase Organic phase 

Sample solution 

Organic phase 

18C6 

Aqueous phase 
Gold 

Determine gold by AAS 

AgCln
(n-1)- [H3O∙18C6]+[AuCl4]- 

18C6, 5 cm3 
←0.1 mol dm-3 Na2S2O3 in 
  0.2 mol dm-3 NH3, 5 cm3 
  Shake for 5 min 
 Centrifuge (2000 rpm 
  for 10 min) 


