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The dynamic sorption and desorption of gold was studied using Spheron DEAE, a macro
reticular hydroxyethyl methacrylate- ethylenedimethacrylate copolymer with chemically bonded 
diethylaminoethyl groups, as the sorbent. Factorial experiments were designed to optimize 
the composition of the mobile phase (H+ and CI - ions); as a result, hydrochloric acid was used 
in a concentration of 0·01 moll - 1 . Thiourea solution (0'4 moll - I) in 0'25M hydrochloric acid 
served a s the eluent: the gold sorbed was eluted completely in seven column volumes. A column 
of I cm 3 volume retained gold quantitatively from 0·5 I of solution containing the metal in a con
centration of I mg I- I (5 ~moll - l); the recovery of gold by elution was 99% and the degree 
01' concentration of gold with respect to the influent was a hundred . A method is worked out for 
a direct photometric determination of gold in the thiourea eluates, based on the decomposition 
of thiourea with hydrogen peroxide. 

Gold in hydrochloric acid solutions can be separated on cellulose-based weakly basic''ion ex
changers modified by diethylaminoethyl groups. In this way, Kuroda and Yashikuni1 were 
able to separate gold from Fe, Co, Ni, Cu, and Zn, present in a twothousandfold mass excess. 
The distribution coefficient of gold was observed to decrease with increasing concentration 
of chloride. More recently, Kawabuchi and Kuroda2 found that the distribution coefficient 
of gold in chloride solutions can be raised by adding acetic acid, and made use of this fact for 
separating gold from platinum metals3 . Pohlandt4 suggested that methanol and dilute hydro
chloric acid can serve as a suitable medium for the sorption of gold on a cellulose sorbent of this 
kind. 

Cellulose sorbents are so far inapplicable to high performance liquid chromatography at me
dium or high pressures. We investigated S therefore the sorption properties of Spheron DEAE, 
a hydroxyethylmethacrylate- ethylenedimethacrylate copolymer modified by diethylaminoethyl 
groups, containing the same weakly basic groups as the cell ulose sorbents mentioned, viz. 

I 
CH3- C- C-O- (CH2)2-0-(CH2)2-N(C2Hsh 

I II 
CH2 0 
I 

We found that the distribution coefficient of gold is two orders of magnitude higher than the 
distribution coefficients of some common metals (Zn, Ni, Cu, Co, Fe) and that it increases 
with diminishing concentration of chloride. 
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Since previously5 we studied the sorption of gold in static conditions only and paid 
little attention to its desorption , we concel trated now on the dynamic sorpti on 
and desorption of gold using the above sorbent. For a direct photometric determina
tion of gold in the eluate containing an excess of i nterefering thiourea, we suggest 
a method in which the latter is decomposed prior to the measurement. 

EXPERIMENT AL 

Chemicals and Apparatus 

Solutions of gold were prepared by dissolving the pure meta l (Safina, Vestee) in aqua reyia 
and evaporating the solution repeated ly to dryness with add iti ons o f hyd rochl o ric ac id. The 
chloroauric acid obtained was dissolved in 0·5M-HCI. Spheron DEAE 1000 (Lachema, 01'110), 

particle size 0,063- 0,100 mm , theoretica l exchange capacity (calculatcd based on the determined 
content of nitrogen) Qg(N) = 1·27 mmo l per g of dry sorbent , was recycled twice with 2M-NaOH, 
2M-NaCI, and 2M-HCI (the sorbent was always washed with water between the use of these agent s) . 

The desorption of gold was accomplished by empl oy in g a soluti on of thiourea G (0· 4 moll -) I 
in hydrochloric acid (0'25 moll - 1), 

The absorption spectra were sca nned on a Specord UV-V1S spectrop ho tomctc r, the photo
metric measure~1ents were carried out o n a VS U-2P instrument (bo th Carl Zeiss, Jena). 

Working Procedures and Analytical Methods 

For the static sorption a nd desorption experimen ts, 50 mg of sorben t dried in a ir were equilibrated 
on a horizontal shakin g machine, with 10 ml o f so luti o n containing 2511mol Au and a prc
selected amounts of hydrochloric acid. The water content in the sorbent d ried in a ir wa s about 

5% as determined by drying it in vacuum over 1'205 at 78°C. 

The dynamic sorption experiments were conducted in co lumns with an inner diameter of 4 111m 
and containing the sorbent in a total volume of I cm] The flow rate was adjusted to Fm = 0·6 ml. 
. min - ] (hence, to a specific load of s = 36 h - 1); howeve r, owing to the change in the so rbent 
volume during the sorption and desorption, the flow rate fluctuated between 0·5 and 0·7 ml min - J . 

Preselected volumes of the effluent were collected a nd the content of gold in them was determined 
spectrometrically. In the chloride solutions, gold was determined by a method based on the light 
abso rption by the AuCii complex 7 . The calibration dependences were measured a t 3 J 4 nm 
in I cm cells for chloride concentrations of O' J and 0·5 moll - 1; the two plots we re identical, 
hence, the absorbance of the complex a t the wavelength used is ind ependent of the chloride 

concentration in the concentration region mentioned. 

In the solutions obtained on the elution of gold with thiourea, the metal was determined by the 

method described below. 

RESULTS AND DISCUSSION 

In agreement with the data 1 , we have foundS that the distribution coefficient of gold, 

Dg = 1'/{Au)r/c(Au)nq (1) 
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(11 is the content of substance in mol g-I, C is the concentration of substance in mol . 
. 1- 1

; the subscripts I' and aq refer to the exchanger phase and the aqueous phase, 
respectively), increases with the decreasing concentration of chloride down to the 
lowest value tested, 0·1 moll- I (HCI). 

Prior to the dynamic tests, we applied the static approach to seek for the optimum 
composition of the aqueous phase leading to the maximum D value and, consequently, 
the highest separation recovery R. A 22 factorial experiment with double repetition 
was des igned to find that both of the factors examined, c(H+) and c(CI-) , as well as 
their interactions are significant. The value that previously5 emerged as the optimum, 
c = 0'1 moll-I, was now chosen as the upper limit for the two factors. The distribu
tion equilibrium established rapidly and the maximum sorption-desorption recovery 
(R ~ 0'95) was reached as early as the first sampling (in 10 min). The optimum concen
centrations of the H+ and Cl- ions at which the R value is atits maximum then were 
sought by a 32 factorial design with double repetition. The equation describing 
the response surface for the factors examined was set up by calculationS and the 
optimum values of the factors then were found by mapping this surface. As it emerged, 
the optimum values were the lowest concentrations applied, viz. c(H+) = 5 mmol . 
. 1- 1

, c(CI-) = 7 mmoll- t • As the diagram9 of the predominating Au (III) species 
in the presence of Cl- and OH- ions shows, the prevailing form of gold is AuCI; 
even at so low concentrations of H + and Cl- ions. For practical reasons, namely, 
to prevent the gold from reduction by dust particles, a concentration of hydrochloric 
acid of 0·01 moll- r was actually chosen . This has no major effect on the R value, 
the response surface displaying a small ascent in the neighbourhood ofthe maximum. 

In view of the significance of the concentrations of both chloride ions and protons 
as factors affecting the distribution coefficient of gold, the sorption mechanism is 
probably the ion exchange 

as is also the case with the chloro complexes of platinum metals 1o
• 

The dynamic sorption and desorption of gold was investigated as follows : A solu
tion of gold (0'01 moll-I) in 0'01M-HCI was allowed to pass the column until the 
<concentration of gold in the eluate became equal to that in the influent. The column 
then was washed with five column volumes of water and the gold sorbed was eluted. 
At the beginning of the elution a white precipitate formed in the mobile phase, 
bringing about a reduction in the initial flow rate; a steady state established after 
the passage offour column volumes of the eluent. 

During the elution with thiourea, AuCI; is reduced to AuCl, sulphur appears 11 , 

and the aurous chloride is transformed by the excess thiourea in to the Au(SCN2H 4)+ 
complex involving univalent gold 12. 
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The sorption and desorption breakthrough curves of gold, obtained in the above 
conditions, are shown in Figs. 1 and 2. The sorption break-through curve was eva
luated to afford the breakthrough capacity of the sorbent for gold, 1'16 mmol 
per g of dry substance, and the total (practical) capacity, 1·37 mmol Au. A comparison 
of the latter value with the theoretical capacity 1·27 mmol indicates that in addition 
to the ion exchange. some other mechanism operates in the sorption. Similar dif-

10 -

cleo 

0-5 

o'-i 20 40 

FIG. 1 

Sorption break-through curve of gold on 
Spheron DEAE. Inner diameter of the co
lumn d j = 4 mm, Vc = 1 cm3

, c(HCI) = 
=0,01 moll -I , specific load 5=36h- 1 ; 

c, Co concentrations of gold in the effluent 
and in the influent, respective ly 

FIG. 3 

Light absorption curves: 1 AuCI;; c(Au) = 
= 761!moll-1, c(HCl) = 0·1 moll-I; 2 
complex of gold with thiourea; c(Au) = 76 
I!moll - 1 , c(thiourea) = 0·4 moll-I, c(HCI) 
= 0·25 moll - \ 3 thiourea in HCI; c( thiou
rea) = 0'4 moll-I, c(HCI) = 0·25 moll- 1 . 

Cell thickness 1 em, reference solution: HCI 
(c, moll- 1): 1 0 ' 1, 2, 3 0·25 

cleo 

10 

FIG. 2 

Desorption break-through curve of gold for 
Spheron DEAE 1000. d j 4 mm, Vc = 

= I cm3
, eluting agent : thiourea (0'4 mol. 

.1 - 1 ) in 0'25M-HCI; c, Co concentrations 
of gold in the effluent and in the influent, 
respectively 
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ferences between the theoretical and the practical capacities have been observed 
in experiments with sorbents in which the functional group in question was bonded 
to ad i fferen t polymeric matrix (cellulose and a glycidy I methacrylate-ethy lenedimetha
crylate copolymer13

), and in static sorption experiments5
. The exchange capacities 

also indicate that the accessibility to all the exchange groups within a grain of the 
sorbent is very good. Since - as has been proved by specific surface area measure
ments on the dried sorbents in the chloride form as well as by the agreement with the 
results arrived at by other authors 14 - drying of sorbents of this kind results in the 
formation of compact aggregations with nearly zero total pore volume, the pores 
obviously must be made open when the sorbent swells up. 

The sorption of gold and its desorption with the thiourea solution was repeated, 
and no change in the exchange capacity was observed even after 25 cycles. A seven
fold column volume was sufficient for a complete desorption of gold. The possibility 
of using the sorbent, Spheron DEAE, for a preconcentration of gold from aqueous 
solutions was also tested. A volume of 0·5 I of solution containing gold in a con
centration of 5llmoll-1 (hence, about 1 mg I-I) was passed through a column 
of 1 cm3 of sorbent to achieve a hundredfold degree of concentration with a recovery 

of 99%. 

[nitially, we determined gold in the thiourea eluates gravimetrically aftc::r dcccm
posing the thiourea complex in alkaline medium6

. A direct photometric measurement 
was hampered by the fact that at the wavelength of the maximum absorbance of the 
chloro complex of gold (314 nm) , thiourea interferes badly, and exhibits a high 
absorbance also at shorter wavelengths, in the range where the thiourea complex 
of gold could manifest itself(Fig. 3). Now, we circumvented this difficulty by oxidizing 
the thiourea with hydrogen peroxide l5

; this reaction proceeds completely (i.e., 
to such a degree that as a result, zero absorbance is measured at 314 m) only if hydro-

TABLE I 

Accuracy of the determination of gold after the decomposition of its thiourea complex 

Au added Au found a
, mg 1-1 

mgl- 1 
Ab Bb 

20·50 20·51 20·51 
16·41 16·40 16'43 
11·73 11·72 11 ·76 

a Average of duplicate determinations; b A in the absence of thiourea, B after the decomposition 
of thiourea with hydrogen peroxide. 
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chloric acid is added to the thiourea before the hydrogen peroxide , the mixture is 
allowed to stand for a while, and then brought to boil. By adding two volumes 
of concentrated HCl and one volume of 30% H 10 2 to one volume of 0-4111 thiourea, 
the thiourea complex of gold can be decomposed in this manner too. After the de
composition, the chloride concentration must be adjusted to lie within the region 
of validity of the calibration plot (hence, c(HCI) = O·J - 0·5moll - J

). The accuracy 
of the determination of gold by the photometric method after the decomposition 
of thiourea with hydrogen peroxid e is documented by Table J. 

The two sets of data were compared by applying the Student tcst J 6
; the obtained 

value of t = 1·597 is lower than fa = 2·571 for (X = 0·05 and v = 5, showing that the 
two series coincide. The reproducibility of determination , expressed as the relative 
standard deviation calculated for a ser ies of duplicate measurement s on 10 sa mples , 

was Sr = 0'63%. 

A sufficient selectivity of Spheron DEAE to go ld in the presence of some common 
metals has been demonstrated previously '; in view of the present work, the sorbent 
appears suitable al so for a dynamic separation and prcconcentrati on of gold. 
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