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Anion-exchange resin modified with 2-(4‘-sulfobenzeneazo)chromotropic acid was used
for concentration and subsequent determination of copper (II) microscale amounts in
large-volume samples of drinking water. The chemistry of copper complexing with 2-(4°-
sulfobenzeneazo)chromotropic acid in solid phase has been considered. Quantitative charac-
teristics of the compound composition and stability have been obtained.

Anuosurt, Moguduuuposanublit 2-(4-cyap(iobeHs30na30) XpeMOTPOLIOBOH KHEIOTOH, WHC-
MONBL30BAH /7151 KOHIEHTPUPOBAHUA ¥ MOCJEAVIOIIEro Olpeje/eEus MUKPOKOJINYeCTBa Mean
(II) B Bonpirmx obbemMax npod nurbepoit Bognl. Paccmorpen XxuMuaM KoMILleKkcoobpasoBapus
MenH ¢ 2-(4-cyandofensonase) XxpoMoOTPOIIOBOil KHeIoToll B TBepioil thase. ITonyuens ®onu-
YecTBEHHLIE XAPAKTePHCTHKU COCTABA M [POYHOCTH 06pasywllerocs coeluHeHnud.

The use of ion-exchanging functional ma-
terials makes it possible to solve various
problems associated with industrial applica-
tions of closed technologic circuits and com-
plex use of raw materials.

In recent time, the information on appli-
cations of ion-exchanging materials modi-
fied with various organic reagents became
very abundant. These reagents made it pos-
sible to develop novel high-sensitive proce-
dures to determine trace amounts of heavy
metals in numerous objects. A plentiful in-
formation on photometric Cu(ll) determina-
tion procedures in solutions is presented in
[1]. However, all these procedures provide
for preliminary concentration of Cu(ll)
micro-amounts using toxic organic extract-
ing agents. Moreover, most of those proce-
dures are low-selective.

On the other hand, to determine the
micro-amounts of Cu(ll) in water, evapora-
tion or extraction of large-volume samples
is used [2, 3], thus complicating the analy-
sis significantly. Therefore, a method com-
bining sorption of traces of the elements to
be determined from large volumes of solu-
tions followed by their simple photometric
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determination directly in solid phase is
highly urgent. There are data [4] on solid-
phase spectrophotometric (TPS) determina-
tion of copper; those data are presented in
Table 1.

The copper detection thresholds using
the above-mentioned procedures are not low
enough. The 2-(4‘-sulfobenzeneazo)chromot-
ropic acid (SPADNS) did not used to date as
a modifier for the AV-17-8 anion-exchange
resin.

The stock 0.1 M solution of Cu(NQCj),
was prepared by dissolving a precise weight
of the salt in 1 M HNOj. The solution was
standardized using iodometry. The working
solution (1.6-1073 M) was prepared by dilut-
ing the above stock solution.

The AV-17-8 with linear grain dimen-
sions of 0.25 to 0.50 mm was used that was
pre-treated as described in [5]. 10 g of AV-
17-8 were soaked in water for 1 day. Then
the water was decanted, the sorbent was
placed in a column, washed with 150 ml of
0.1 M NaOH during 6 h and then washed
with water until neutral. Then the sorbent
was transferred into a beaker, 200 ml Of
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Table 1. Characteristics of Cu(ll) complexes with organic reagents-modifiers for SPS copper

determination
No. Sorbent Reagent V/m, ml/g T, min Analyt. ‘
signal (A,
nm)
Amberlite A-27-Cl Batocuproin-disulfonic 50/1 5 F(R)485 ~10 [4]
acid
Amberlite A-27-Cl Ammonium pyrrolidine- 50/1 5 F(R)436 ~-44 [4]
dithiocarbaminate
' PAN fiber with KU-2 | 1-(2-pyridylazo)-naphtel 100/0.01 10 F(R)610 -32 [4]
i AV-17 1-(2-thiazolylazo)-2- 25/1 15 (600) 64 [4]
naphtol
AV-17 \ SPADNS 25/0.3 A(580) 6.4 !
J (this work) H

8.76.10°1 M SPADNS solution were added
(prepared using 0.1 M NaCl), mixed for
30 min using a magnetic agitator, filtered
off, washed with water, and dried till air-
dry state. The resin capacity for SPADNS
has been determined to be of 0.01 g indica-
tor per gram of the sorbent. The modified
sorbent looks as transparent crimson-red
grains transmitting light well enough.

The SPADNS sorption by the standard
anion-exchange resin and by the Cu(ll) modi-
fied one was studied in static conditions
using 0.3 g weights. The SPADNS content
in the sorbents was determined using pho-
tometry by measuring the optical density
decrease of liquid phase at 520 nm wave-
length. The post-sorption Cu(ll) concentra-
tion in solutions was determined using pho-
tometry with arsenazo IIT [6].

The optical density of solid concentrates
was measured using a KFK-3 instrument (I
= 0.1 cm) at optimum wavelength relative
to AV-17-8-OH using a lavsan (Dacron) film
similar to [7]. The sample preparation for
the photometric analysis was r educed to
preparation of a light absorbing layer filled
homogenecusly with the ion-exchanger. As
in the case of solution photometry, parallel-
wall quartz cells were used that were filled
with water and then the concentrate was
transferred to the cell using a pipette; the
second cell was filled with soaked modified
or standard ion-exchanger of the same grain
size (0.1 to 0.5 mm). The light absorption
of the sample was measured as the closest
packing of the grains in the cells was at-
tained. To reduce the light scattering by the
sorbent matrix, the cell was placed as close
to the detector window as possible and a
lavsan film was placed between the sample
and detector. The optical density of solu-
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tions was measured at [ = 1 em. The acidity
was controlled using an I1-160 ionometer.
Copper content in the samples was deter-
mined by means of a PU-01 polarograph.

The study of analytical applications of
Cu(Il)-SPADNS complex in sclution has
shown that it is o very good prospects in
development of a novel procedure for TPS
determination of Cu(ll) in miecro-amounts
that is improved as compared to the initial
one.

First, the SPADNS sorption conditions
were studied. The SPADNS molecule con-
tains three sulfonic groups allowing it to be
sorbed as an anion similar to arsenazo III
[8]. The dye is sorbed within a wide pH
range (3 to 10) during 25 to 30 min. The
best results have been obtained with AV-17-
8-OH modified using 0.1 M NaCl solutions.
From solutions of other electrolytes (KNO,,
Na,S0O,, H,S0,, HNO,, HCI), the sorption
proceeds more slowly as it was noted in [8].
SPADNS is not sorbed at all or sorbed very
slowly from ethanol, acetone, and dimethyl
formamide media. The maximum indicator
amount that may be sorbed with 1 g of ion-
exchanger is 0.01 g. The ion-exchanging
character of SPADNS sorption is confirnied
by potentiometric monitoring of liquid
phase: pH value increases, thus evidencing
the OH-ion displacement in the course of
sorption. The modifier can be desorbed with
HNQj, HCI, H,SOy, and alkali solutions, all
being about 6 M concentration [8].

The optimum conditions of Cu(ll) com-
plexing with the modified sorbent are as
follows (see Fig.1): pH 5 to 10, A, =
580 nm, the equilibration time 2 h, the
complex is stable during 2 days when being
concentrated out of 50 ml of solution. The
quantitative concentrating out of 500 ml of
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Fig. 1. Dependences of optical density of
SPADNS-copper complex in sorbent phase on
pH (1), phase contact time (2), liquid phase
volume (3), and copper concentration (4):
Cspapns-av.r.g = 1.76:1074 M/g, A=
5 nm, (=0.1 cm, reference system
SPADNS-AV-17-8, m =0.3 g.

sorb
solution is possible in the same conditions.
The Beer law is met within a wide Cu(ll)
concentration range of 0.1.1076 to 3.2-10-
5 mol/l. The detection threshold is 6.4 pg/l.
If one liter or more of a solution containing
less than 6.4 pg/l is to be analyzed, then it
can be concentrated stepwise, the initial
sample being subdivided into portions of
500 ml volume each. In this case, thesor-
bent weight (0.3 g) is reacted successively
with each sample portion.

Study on effect of foreign ions on the
analytical signal intensity of the colored
Cu-SPADNS complex in solution has shown
that the reaction is selective enough. Zn(ll),
Fe(lll), Cd(ll), Hg(ll), Sn(lV), As(lll) do not
form any complexes with SPADNS. To
avoid the Fe(lll) hydrolysis, it is reduced
with hydroxyl amine purified with dithi-
zone as described in [9]. If Hg(ll) and Sn(lV)
are present, citrate ion is added after hy-
droxyl amine is used. Lead forms an unsta-
ble complex [10], that does not hinder in
essence the determination in the presence of
more potent complexing agents. Ca(ll),
Mg(ll) hinder at the ratio 1:500; Cl-, SO,%,
NO5;~ do not interfere with the determina-
tion.

Study of foreign ions effect on copper
determination in solid phase has shown that
the selectivity of SPS analysis is as high as
in solution. If Pb(ll), Fe(lll), Cd(ll), Hg(ll),
Sn(lV) are present in solution at 100-times
excess or more relative to copper, then the
precipitated hydroxides of those metals can
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Fig. 2. Absorption spectra of SPADNS and its
copper complex in solution (/, 3) and solid phase
(2, 4); € % 108 (I-3), € x 105 (4). In solution, pH
5 to 7; Cgpapng = 401078 M, [ =1 cm, refer-
ence system H,0; on sorbent, Cgpanng.av.i7.8 =
1.7510* Myg, Cg,=5.310°% Me v
25 ml, t= 20 min, ! = 0.1 cm, reference sys-
tem AV-17-8, m =0.3 g.

sorb

be filtered off by washing the sorbent
grains on a sieve of <0.25 mm mesh size
that would be impossible when the experi-
ment would be made in solution.

Identical absorption spectra of Cu(ll)-
SPADNS complexes in solution and in sor-
bent phase (Fig. 2) evidences the same com-
plex composition (1:1) [11, 12].

Thus, the interaction in this system can
be presented as Cu(OH) 27 + H,R =
Cu(OH);*2H,_ R + nH*

Since at pH 5, 99.9 % of copper ions are
present in solution in non-hydrolysed state
and concentrations of CuOH™ and Cu(OH),
are negligible, it is just the Cu2* ion that is
the coordinating one.

The conditional stability constant of the
formed complex was calculated proceeding
from the sorption isotherm using the
scheme [13, 14].

[CuR-A B-17-8] (1
[Cu?*] . [H,R-A B-17-8]

Beona =

Its wvalue has been found to be
Beong=(1.61+0.20)-10%.

The study results formed the base of the
procedure for Cu(ll) determination in drink-
ing water using addition method. The proce-
dure is as follows.

Two samples of drinking water are taken
of 1.5 1 volume each. To one sample, a
known amount of Cu(ll) is added. Then each
sample is subdivided into three portions of

500 ml each. 0.3 g of freshly prepared
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modified AV-17-8-SPADNS is added to the
first portion of water to be analyzed (the
sample acidity should be within the opti-
mum range for this procedure). The samples
are agitated with a magnetic mixed for 15—
20 min, then the grains are separated by a
pipette and transferred into the next por-
tion of water to repeat the above opera-
tions.

The experiment is repeated twice. Then
the preceding two portions of water are
combined with the last one containing the
solid concentrate and left for 2 h. Then the
grains are separated, transferred into a cell
of 0.1 cm optical length and optical density
is measured at A = 640 nm against AV-17-
8-SPADNS. If multiple analyses are to be
carried out, the optical density values for a
series of samples can be measured next day.

The results of Cu(ll) determinations in
drinking water are compared in Table 2.

To conclude, a modified ion-exchanger
AV-17-8-SPADNS has been proposed. The
complexing in the Cu-SPADNS-AV-17-8 has
been studied. A low stability complex (B.,.q4
= (1.61+0.20)-10%) with component ratio 1:1
has been found to be formed. The theoreti-
cal data obtained allowed to elaborate a pro-
cedure for SPS determination of micro-
amounts of Cu(ll) in drinking water. Com-
parison of results obtained for Cu-SPADNS
system in solution and in sorbent shows ad-
vantages of the SPS version. Novel possi-
bilities are offered to improve the determi-
nation selectivity and sensitivity. The range
of optimum pH values is enlarged. The de-
termination becomes more rapid because the
sample preparation by evaporation is
avoided. The work can be organized better
in the case of routine mass analyses.
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