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Abstract—Interaction of silver with Dithizone immobilized in a polymethacrylate matrix was studied. A sim
ple procedure was proposed for the solid phase spectrophotometric determination of silver; the detection
limit is 0.01 mg/L. The procedure was used for the analysis of mineral waters and the Protargol medication.
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The utilization of silvercontaining species in
industry and engineering leads to the gradual accumu
lation of the metal in the objects of environment.
Because of its bactericide activity silver is widely used
for the disinfection of drinking water. However, earlier
there was reported about the interaction of silver with
selenium, copper, and vitamins E and В12 followed by
the formation of potentially hazardous materials [1].
Therefore, the development of a convenient and selec
tive procedure for the determination of silver in low
concentrations in various objects is a problem of cur
rent importance. A variety of spectrophotometric pro
cedures was proposed for determining silver; one of
the most sensitive organic reagents used in the extrac
tion–photometric determination of small amounts of
silver is Dithizone [2, 3]. The immobilization of
Dithizone in a transparent polymer matrix would
allow the preconcentration of silver with its subse
quent spectrophotometric determination using com
mon equipment. In contrast to the extraction– photo
metric procedure, solid phase extraction appears envi
ronmentally friendly since it does not require toxic
solvents in use. Moreover, a polymer matrix with an
immobilized reagent could serve as an analytical tool
for determination through a visual test [4] or as a rec
ognition element for optical sensors [5, 6].
Herein, we report a study on the interaction of sil
ver with Dithizone immobilized in a polymethacrylate
matrix and a procedure for the solid phase spectropho
tometric determination of silver.
EXPERIMENTAL
The polymethacrylate matrix as a transparent plate
0.60 ± 0.04mm thick was prepared by radical block
polymerization according to [7]. Then, the plate pre
pared was cut to make smaller articles of measuring 6.0
× 8.0 mm and weighing approximately 0.05 g.
The working solution of Dithizone (0.002 M) was
prepared by dissolving a precise portion in a 0.005 M

aqueous NaOH solution. The starting solution of sil
ver with a metal concentration of 1 mg/mL was pre
pared by dissolving of a precise weight of silver nitrate
in water according to the procedure published in [8].
The working solutions of silver with lower concentra
tions were prepared by the consecutive dilution of the
stock solution in the day of experiments. All reagents
were of chemically pure or analytical grades and used
without additional purification. The required pH
value was maintained with solutions of HNO3 and
NaOH and controlled by a I160 potentiometer with
ionselective electrodes.
Dithizone was immobilized into a polymethacry
late matrix by adsorption from a solution in the batch
mode. Therein, 25 mL of the reagent solution was
stirred with polymethacrylate cuts for 1 min.; the
matrix turned yelloworange, because Dithizone in
the matrix was in the enol [9].
The interaction of silver with Dithizone immobi
lized in a polymethacrylate matrix was investigated
under batch conditions. A polymethacrylate cut with
the immobilized reagent (0.05 g) was placed in the
solution (50 mL) with various silver concentrations
and pH values and stirred for 5–30 min. Then absorp
tion spectra were registered or absorbance (А) was
measured at the extinction maximum of the Ag(I)–
Dithizone complex in the polymethacrylate matrix.
The concentration of residual silver in the solution was
determined by the spectrophotometric method [2,
p. 111]. The degree of adsorption (а, mol/g) was cal
culated as follows: a = (c – [c]) V/m, where с and [c] are
the initial and final concentrations of Ag(I) in the
solution, M; V is the volume of the solution, L; m is the
weight of the polymethacrylate cut.
The absorption spectra and absorbance of the solu
tions and polymethacrylate articles were determined
on Evolution 600 and Spekol 21 spectrometers. The
absorption properties of polymethacrylate cuts
impregnated with Dithizone and those upon their
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Fig. 1. Absorption spectra of a Dithizoneimpregnated
polymethacrylate matrix upon its contact with silver solu
tions at various pH (сAg = 1 mg/L, V = 50 ml). pH: 1—0;
2—2; 3—3; 4—4; 5—5 6 —7; 7—10.

Fig. 2. Amount of silver adsorbed on a Dithizoneimpreg
nated polymethacrylate matrix as a function of pH (сAg =
1 mg/L, V = 50 mL, t = 30 min).

contact with silver solutions were measured with refer
ence to the neat polymethacrylate matrix.
RESULTS AND DISCUSSION
We studied the influence of the pH of solution on
the adsorption of silver and the formation of its com
plex with the immobilized reagent in a polymethacry
late matrix. Figures 1 and 2 present absorption spectra
and the quantity of silver adsorbed on the polymer
matrix with immobilized Dithizone, respectively, as
functions of the pH of solution. The adsorption of sil
ver and the formation of complex occurred in the pH
range from 3 to 12, achieving maximum values at
pH 5–12. Upon the contact of the Dithizoneimpreg
nated matrix with silver solutions at pH = 3, the
absorption spectrum exhibited a maximum at the
wavelength 465 nm, which indicated the formation of
a ketocomplex with a metal to reagent ratio of 1 : 1
(AgDz). After treatment with silver solutions at
pH 4⎯12, the cuts turned redpurple with a respective
absorption maximum of 520 nm because of the forma
tion of the enolcomplex of silver dithizonate with a
metal to reagent ratio of 2 : 1 (Ag2Dz).

The parameters of silver dithizonate in solution and
in the polymethacrylate matrix are presented in
Table 1. According to the published data [10], silver
ions react with Dithizone in acid solutions to form
monosubstituted silver ketodithizonate. The com
pound is soluble in chloroform and CCl4, has an
intense yellow color, and is applicable for the extrac
tion–photometric determination of silver. In contrast,
in neutral and alkaline media, a doubly substituted sil
ver enoldithizonate forms, which is redpurple and
soluble neither in water nor in common organic sol
vents. Thus, this compound is of no interest for spec
trophotometric determination. However, the enol
form of silver dithizonate formed upon the reaction of
Dithizone in the polymethacrylate matrix with silver
in neutral and alkaline solutions is compatible with the
polymer matrix, does not affect its transparence and
allows the direct measurement of optical parameters
with high precision.
Figure 3 presents absorption spectra of the poly
methacrylate matrix with immobilized Dithizone
upon its contact with silver solutions of different con
centrations at pH 10. Major changes in the spectra
were observed at a wavelength of 520 nm.

Table 1. Properties of silver dithizonates in solution and in a polymethacrylate matrix
Medium
CCl4 [5]
Polymethacry
late matrix

Complex stoichometry
AgHDz
Ag2Dz (Insoluble in CCl4)
AgHDz
Ag2Dz
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Complex color
Yellow
Redpurple
Yellow
Redpurple
Vol. 65

12
pH

No. 2

λmax, nm
462
–
465
520
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Acidity of Ag (I) solution
Dilute mineral acid
Neutral or alkaline media
pH 3–4
pH 4–12
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Fig. 3. Absorption spectra of a Dithizoneimpregnated
polymethacrylate matrix upon its contact to silver solu
tions of different concentrations (V = 50 mL, t = 30 min,
pH = 10). сAg, mg/L: 1—0; 2 —0.025; 3—0.1; 4 —0.2.

Fig. 4. Absorbance of a Dithizoneimpregnated poly
methacrylate matrix at 520 nm as a function of silver con
centration in solution upon their contact for 10 (1) and
30(2) min (V = 50 ml, pH = 10).

The time of the contact of the polymethacrylate
matrix with the silver solution also affected the absor
bance and determined the linearity range of the
dependence analytical signal vs. the concentration of
silver in the solution and the detection limit. The
dependence of the analytical signal on the silver con
centration in the solution at different contact times is
shown in Fig. 4. Table 2 presents the parameters of cal
ibration graphs and the detection limit calculated
according to the 3stest.

the addition of oxalic acid (0.05 mL of oxalic acid
(0.01 M) per 50 mL of a tested test solution). The
interference of up to 1000fold excess of chloride ions
was removed by the addition of Hg (II). The optimal
concentration of Hg(II) depended on the concentra
tion of chloride ions in the test sample; therefore, pre
liminary data on its concentration were necessary. The
standard addition method can also be used. Iron (III)
does not form a complex with Dithizone; moreover, it
completely underwent hydrolysis under the conditions
of determining silver at pH 10 and did not interfere
with the determination.
On the basis of the study performed, we developed
a solid phase spectrophotometric procedure for the
determination of silver. It was then verified in the anal
ysis of mineral waters and the known Protargol medi
cation. The determination was performed by the
method of standard additions to avoid multiplicative
systematic errors due to the interference of chloride
and other sample components. Two or three replicate
experiments using different additives values were per
formed; the results were presented in a graphical man
ner.
Determination procedure. A solution to be ana
lyzed (0.10–10.00 mL) was placed in a 50mL volu
metric flask, pH 10 was adjusted by adding NaOH

The interference of equal, 10 and 100fold
amounts of the cations Ni(II), Zn(II), Co(II), Cu(II),
Mn(II), Cd(II), Hg(II), Bi(III), and Pb(II) and
–
3–
2–
anions NO 3 , PO 4 , Cl–, and SO 4 on the determi
nation of silver was also investigated. The relative error
of determining silver in the presence of a foreign ion
was calculated by the equation δ(%) = [(Ai – A)/A] ×
100, where А and Аi are absorbances of polymethacry
late cuts impregnated by Dithizone upon their contact
with silver solutions with and without interferents,
respectively. As was shown in Table 3, a relative error of
more than ±5% was observed in the presence of Co(II),
Zn(II), and chloride ions. To diminish the interfer
ence of Co(II), its preliminary separation was
required; the effect of Zn(II) could be neutralized by

Table 2. Parameters of calibration greps for the solid phase spectrophotometric determination of silver using Dithizone (V = 50 ml;
λ = 520 nm; n = 5; P = 0.95)
Time of contact, min

Equation

R2

Analytical range, mg/L

cmin, mg/L

10
30

A = 0.04 + 0.17 c
A = 0.03 + 0.68 c

0.9939
0.9916

0–0.80
0–0.20

0.04
0.01
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Table 3. Determination of silver in the presence of foreign ions
(added 0.2 mg/L Ag, pH = 10, time of contact 30 min)
Interfering ion

Ratio Ag : Me

δ, %

Co(II)

1:1
1 : 10
1:1
1 : 10
1:1
1 : 10
1 : 10*
1 : 10
1 : 10
1 : 10
1 : 10
1 : 10

–20
–39
+3
+4
–20
–20
–6
+4
+1
0
+1
–1

–

1 : 10

+3

3–

1 : 10

–2

SO 4

2–

1 : 100

+5

Cl–

1 : 10
1 : 100
1 : 1000**

Bi(III)
Zn(II)

Pb(II)
Cu(II)
Cd(II)
Hg(II)
Ni(II)
NO 3
PO 4

–28
–36
–4

Notes: * In the presence of oxalic acid.
** In the presence of Hg (II).
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(checked by a pHmeter), the resulting mixture was
diluted to the mark with water. Solutions to which
0.25, 0.50 and 0.75 mL of the working solution of
Ag(I) (10 mg/L) was added were prepared similarly in
other flasks. A cut of a Dithizoneimpregnated poly
methacrylate matrix was put into the solutions fol
lowed by stirring for 10 or 30 min (depending on the
concentration measured); then the cut was removed
and dried with a piece of filter paper. Absorbance was
measured at 520 nm. The concentration of silver was
determined by the graphical method by extrapolating
the linear dependence of absorbance (taking into
account background absorbance) on the concentra
tion of silver added to the value А = 0.
Preparation of mineral water to analysis. The deter
mination of silver in mineral water was performed after
its tenfold preconcentration by evaporation in the
presence of a small amount of nitric acid. An aliquot
portion of 10.00 mL was taken for the analysis.
Preparation of Protargol samples to analysis. A 1
mL portion of a 2 % solution of the medication was
placed in a porcelain cap and concentrated nitric acid
(3 mL) was added. The mixture was heated until silver
dissolved and then cooled. Next the mixture was trans
ferred into a 25.0mL volumetric flask and diluted to
the mark with water. An aliquot portion (0.10 mL) of
the solution prepared was used for the analysis.
The results are presented in Table 4. The results
were verified by the addedÑfound method and, in the
case of Protargol, by comparison with the results of

Table 4. Determination of silver in real objects (n = 5; P = 0.95)
Object

Official certificate data

Found, mg/L

sr

δ, %

0

0.022 ± 0.005

0.18

–

0.05

0.075 ± 0.004

0.04

106

–

–

–

0.061 ± 0.009

0.11

102

(0.153 ± 0.017)%

0.09

–

0.152 ± 0.008)**

0.02

–

Input, mg/L

Mineral water
“Crystalline Cedar”
(Clcontent 0–19 mg/L)

0.005–0.05 mg/L

“Aqua Minerale”
(Clcontent 50 mg/L)

–

0
0.06

Medication “2 % aqueous protargol
solution”

0.156–0.166%*

0

Notes: * Calculated by the known concentration of silver in Protargol, 7.8–8.3 % to metal.
** Found by potentiometric titration.
δ is the ratio of added and found concentrations.
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determining by potentiometric titration [11]. The data
obtained indicated accuracy and reproducibility of the
proposed procedure for determining Ag (I). The pro
cedure developed is more convenient, sensitive, and
environmentally safe in comparison to the extrac
tion–photometric version [3].
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