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Mixtures of silver magnesium phosphates or silver copper(II) phosphates have been
obtained from aqueous solutions of silver and magnesium or copper(Il) nitrates and sodium
hydrogenphosphate at the basic mixture ratios of [AgNOg]:[Me(NO;),]:[Na,HPO,] = 1:1:1.7
(Me-Mg,Cu) and temperature of reacting solutions 80—90°C. The mixtures have been stud-
ied using chemical, thermogravimetric and X-ray diffraction analyses. The temperature
ranges for dehydration and crystallization of X-ray amorphous phases and for interaction
of silver and copper(II) phosphates with formation of double phosphate have been deter-
mined. The resulting mixtures have antimicrobial activity, thus may be applied for treat-
ment of water. In addition, they act as catalysts of electrochemical processes (electrolytic
water splitting, and anodic refinement of silver).

Keywords: mixtures, silver, magnesium, copper(II) phosphates, thermogravimetry,
X-ray analysis.

W3 BomubIx pacTrBopoB HuUTpaToB cepedpa m maruus mam menu(ll) u maTpuit rugpodocdara, mpu
ncxogHoM cooTHomennu KommoreHToB [AGNO,][Me(NO,) ) [Na,HPO,] = 1:1:1.7 (Me-Mg,Cu) u Tem-
neparypax pearupyiomux pacrtsopos 80—90°C mosyueHbl cMecH HAHOPasMEPHBIX (Poc()aToB MArHU
win mexu(ll) u moauxpucraminueckoro gochara cepebpa. Cmecu MCCIEIOBAHLI METOIAMU XUMIUEC-
KOro, TepPMOIPaBMMETPUYECKOr0 1 PEHTTeHO()AZOBOr0 AHAJMUS0B. YCTAHOBJIEHLI TeMIEPaTyPHbIE HH-
TepBajbl 00E3BOMKUBAHNSA, KPUCTAIN3ANMN peHTreHoaMophuux ¢as 1 BlaumomeiicTsusa ocaros
cepebpa u menu(ll) ¢ obpazoeanmem gBoiiHoro (octara. [lonyueHHbIe cMeCH MMEIOT aHTHMUKPOOHOE
JeficTBIE Y MOI'YT HANTH IPHMeHeHre 1 o0paboTky Boabl. OHU TaKKe ABJIAIOTCA KATaIN3aTOPAMU
NMEKTPOXMMUUECKUX IIPOIECCOB (AIEKTPOIN3a BOABI, AHOTHOrO PathMHUPOBAHKA cepebpa).

Binapni cmiBocamxeni cymimii docdarie apremTyma i Marfiro Ta apreatyMma i Kympy-
ma(Il). O.I1.Ilepenenuua, B.l.Maxcin, T.I.Ywaniscvrxa, T.B.Ilempenro, 5.C. Xomernxro.

I3 BoguUx posumuiB aprenTym i marmiit abo xynpym(Il) mitparie i marpiit rizporen docdary,
mpyu BuxigHOMy cmiBBigHOomenmi kommomenTiB [AgNO,][Me(NO,),:[Na,HPO,] = 1:1:1.7 (Me-
Mg,Cu) i remmeparypax pearyrounx posunsis 80—90°C ogep:xano cyminii HanoposmipHMX Marxiit
a6o xkynpym(II) docharis Ta nonxixkpucrangiunoro apreatym docedary. Cymimni mocaimyxeHo merona-
MU Ximiuzoro, TepmorpasiMerpuuHOro Ta peHTreHo(asoBoro aHasiisis. BeraHosiieno Temirepa-
TYypHi iHTepBa/JM 3HEBOJHEHHS, Kpucraiisamii perTtremoamopd@Hux a3 Ta BI3AEMOIIl apreHTyM Ta
rKyupym(II) docharie 3 yreopennam mnogsiiinoro doehary. Oxepsrani cymimni mposaBiasiOTh aHTH-
MiKpoOHY [Iif0, TOMY MOMKYTh 3HAUTH BUKOPHCTAHHSA IJisd 00poOKU Boxu. BoHM TakoK € KaraJi-
saropaMu eJeKTpoximiunmx mpoitecis (eseKrposrisy Boxu, amomuoro padimypamusa cpibaa).

838 Functional materials, 26, 4, 2019



O.P.Perepelytsia et al. / Binary co-deposited mixture ...

1. Introduction

It is known that silver or copper(II) phos-
phates have antimicrobial activity [1, 2],
silver or copper(II) phosphates act as cata-
lysts of alcohol oxidation to aldehydes [3—
5], while double phosphates of silver and
magnesium (or copper(Il)) are advanced ma-
terials for functional use [6]. The potential
for cobalt phosphate application as catalyst
in electrochemical process of hydrogen pro-
duction from water were demonstrated in
[7], which is of practical importance for hy-
drogen energetics.

The conditions for production of individ-
ual silver, magnesium, copper(II) phos-
phates have been described. For the catalysts,
it is also important to be produced as part of
mixtures, since often this ensures their in-
creased activity. Among many ways to derive
these compounds, the technique of deposition
from aqueous solutions is rather well-known.

In [8] authors described silver phosphate
Ag;PO, derived from the aqueous solutions
of silver nitrate and sodium hydrogenphos-
phate as a result of a ion-exchange reaction.
It is a yellow substance, poorly water-sol-
uble (solubility product is 1.8-:10716; accord-
ing to [9], the solubility product of Ag;PO,
is 1.8-10720); this belongs to a cubic system
with Pm3n space group, lattice parameter is
a=0.599 nm, z=2, density is d=
6.370-10% kg/m3, melting point is 849°C;
under exposure to light, the silver com-
pound partially recovers to unbound metal.
Magnesium phosphate is obtained in the
form of a poorly soluble precipitate as a
result of interaction of solutions containing
magnesium sulfate, sodium hydrogen phos-
phate and sodium hydrogencarbonate with
mole ratios of 1:1:1 [10], the solubility
product of Mg3(PQy,), = 1:10713 [9], melting
point is 13857°C. Magnesium phosphate an-
hydrous crystallizes within the monoclinic
system with the following lattice parameters:
a = 0.7596 nm, b = 0.8230 nm, ¢ = 0.5077 nm,
o=94.05° z =2 [11]. Copper(Il) phosphate
is derived in the form of monohydrate as a
result of interaction of copper(II) hydroxide
or copper(Il) nitrate with phosphoric acid.
The compound belongs to a monoclinic system
with C2/c space group; the lattice parameters
are as follows: ¢ = 1.805 nm, b = 0.620 nm,
¢=1.226 nm, B =105.50°, z = 8 [12]. Cop-
per(Il) phosphate anhydrous is a poorly soluble
compound, which crystallizes in a triclinic sys-
tem, space group P I, a = 0.48537 nm, b=
0.52855 nm, ¢ = 0.61821 nm, o= 72.35°,
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B = 86.99°, y = 68.54°, z=1, d=
4.503-10%8 kg/m3 [13]. Authors of [14] de-
scribed double phosphates of silver and
magnesium,manganese, cobalt, and zinc,
produced as a result of mixing of mono- and
bivalent metal chlorides with phosphoric
acid, with subsequent drying of the mix-
tures at 80°C and heating, first at 600°C
and then at 700°C, for 24 h. There are
available data on the precipitation of
KMgPO,-2,5H,0 from aqueous solutions of
potassium and magnesium chlorides and
phosphoric acid as a result of the action of
potassium hydroxide solution on the mix-
ture. The derived compound belongs to a
rhombic system with the following unit cell
parameters: a = 0.5676, b= 0.8712, c=
0.4753 nm [15].

Currently,there are absent available data
on double phosphates of silver and magne-
sium or silver and copper(Il) derived from
solutions, as well as on the composition and
properties of co-deposited mixtures of silver
and magnesium phosphates or silver and
copper(II) phosphates.

Therefore, the purpose of this work was
to obtain precipitates of these phosphates
from aqueous solutions, and determine their
composition, nature and properties.

2. Experimental

In this study the following substances
have been used as starting materials: mag-
nesium carbonate or nitrate, copper(Il) nitrate,
silver nitrate, sodium hydrogen phosphate —
all of AR-grade; sodium hydroxide, nitric acid
and sodium nitrate — all of CP-grade.

To perform the co-deposition of silver
and magnesium or silver and copper(II)
phosphates, the calculated quantities of ni-
trates of these metals with their molar ra-
tios of [AGNO3][M(NO3),] =1:1, M — Mg?2*,
Cu?*, were used.

With magnesium as a starter compound,
its carbonate has been used after conversion
to nitrate by nitric acid, with subsequent
pH-adjustment to 8.5 with a sodium hy-
droxide solution.

The content of oxides in magnesium car-
bonate or nitrate, in copper(II) nitrate and
content of NayP,O; in dehydrated sodium
hydrogenphosphate crystallohydrate were
determined after careful drying and heating
of the starting substances at optimum tem-
peratures until a stationary mass was
reached. The weight analysis was performed
for two parallel samples; the deviations
from obtained mean values for weight form
content were below 0.2 % ; according to the
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obtained data, the content of magnesium
oxide was 86.7 % in magnesium carbonate
and 15.5 % in magnesium nitrate; cop-
per(II) nitrate contained 28.4 % of cop-
per(II) oxide and sodium hydrogen phos-
phate crystallohydrate contained 20.2 % of
water. Silver nitrate was an an hydrous
compound.

During the study of co-deposition of sil-
ver phosphate and magnesium or copper(II)
phosphate the influence of the following
factors was identified,namely: pH of the so-
lutions of mixtures of mono- and bivalent
metal nitrates, and the sodium hydrogen-
phosphate solution. At pH levels below 3.5
for the solutions of mixtures of mono- and
bivalent metal nitrates, the deposition of
Ag* and Mg?* or Cu2* ions was incomplete.
Similarly, the incomplete deposition of
these ions was observed with the original
ratios of [Ag*l[Me?*][[PO,3] = 1:1:1 or
1:1:1.2. The complete deposition of these
ions was observed only with
[Ag*1[Me?*][PO,3] 1:1:1.7 or more with regard
to the sodium hydrogen phosphate content.
Under these conditions, the pH of the mother
solution, following isolation of phosphates, was
within 6.0-6.5. With the value of 4.0-5.2 the
complete deposition was not reached.

The technique applied for the deposition
of mixtures of silver and magnesium phos-
phates and silver and copper(II) phosphates
was as follows. The weighed portions of the
two specified nitrates were dissolved in
50 mL water in the first vial; pH of the
resulting solution was 4. The weighed por-
tion of sodium hydrogen phosphate was dis-
solved in 50 mL water in the second vial;
pH of the resulting solution was 8.5. Both
vials with the solutions were heated to boil-
ing. The solution of the nitrate mixture was
added by pouring to the solution of sodium
hydrogen phosphate with vigorous mixing.
The formation of a yellow precipitate of a
silver and magnesium phosphate mixture
was observed. The precipitate and the
mother solution were allowed to stand for
2 weeks with regular mixing; then filtered
using a blue ribbon paper filter. The first
portions of the filtrate penetrated the filter
along with the precipitate. The resulting fil-
tration residue was washed out with a 1%
sodium nitrate solution and distilled water
till negative identification tests for PO43‘
ion with silver nitrate in wash water; the
final washing out was performed using ace-
tone. The pH-level of the resulting mother
solution was 6.5.
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To achieve concomitant production of the
phosphates, the calculated quantities of sil-
ver nitrates (in some cases magnesium car-
bonate was used, which interacted with ni-
tric acid) and bivalent metal were dissolved
in 50 mL water in a separate vial with sub-
sequent pH-level verification for the ob-
tained solution (determined values are (3.5—
4.0)10.2). The weighed portion of sodium
hydrogenphosphate without surplus and
with 20 % or 70 % surplus with regard to its
stoichiometric ratio of [Ag*]:[Me2*][PO,3] =
1:1:1 was dissolved in the other vial with
50 mL of water (pH of obtained solution
about 8.510.2). When pouring the first so-
lution into the second one at 22°C, a high-
volume precipitate was formed, which par-
tially clogged the blue ribbon paper filter; it
was difficult to filter it off and long time
was required to be washed out. The use of
hot reacting solutions of 80—-95°C simplified
the process. The precipitates and their
mother solutions were periodically mixed
and allowed to stand for 2 weeks with sub-
sequent filtering. The resulting filtration
residues were washed out, first with a 1 %
sodium nitrate solution and then with dis-
tilled water till negative identification tests
for the contents of Ag*, Mg?*, Cu?*, and
PO43‘ ions, with subsequent washing out
with acetone and air drying at 22°C for two
weeks. Dry depositions of phosphates were
analyzed for the content of phosphorus by
dissolution of a weighed portion (0.1500-10~
3 kg) in 5 mL diluted 1:8 nitric acid with sub-
sequent deposition of a
(NH4)3[P(MO3010)]42H20 pre01p1tate, which
was filtered, dried and heated at 400°C. The
ash mass of the paper filter after following
heating to 400°C was 0.0007-1073 kg. The
weight form had the following composition:
P,0g-24M0Q;, the conversion factor for the
content of phosphorous was 0.017232 [16].
The measure of inaccuracy was within
10.20 %. The content of silver in the iso-
lated phosphates has been determined by
rhodanide method [16] using the weighed
portion of 0.400-1073 kg (following separa-
tion of silver as silver oxide). The measure
of inaccuracy was below 0.5 %.

The thermogravimetric analysis of the
air-dried samples of phosphates was per-
formed using a derivatograph constructed
by F.Paulik, J.Paulik, and L.Erdey, in
platinum crucible with weighed portion of
0.20103 kg and at a heating rate of
0.33°C/s; DTA = 50, DTG = 1000, TG scale
— 20 %.
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X-ray diffraction analysis was carried
out using diffractometer DRON 38M with
Cu-K, radiation and computer processing of
data; the inaccuracy in calculations of re-
flection angles 20 was +0.04°.

3. Results and discussion

The co-deposition of silver and magne-
sium and silver and copper(II) phosphates
was performed using the above described
technique; the results are illustrated in Ex-
amples 1 and 2.

Example 1. Co-depositon of silver and
magnesium phosphates:

Silver nitrate (anhydrous) — 1.6988-1073 kg;
magnesium nitrate (crystallochydrate contain-
ing 15.50 % of MgO) — 2.6050-1073 kg; so-
dium hydrogenphosphate (crystallohydrate
containing 20.20 % of water) — 3.00-1073 kg.

The yield of the air-dried mixture on the
filter was 1.838-1073 kg (with heating to
250°C, its weight loss was 8.7 %, and at
850°C — 11.6 %). For the samples of this
mixture obtained under different conditions
the weight loss with heating to 850°C
reached 15.6 %. The color of the mixture
was light-yellow and changed to brown with
heating to 500°C.

Analysis of the data for the mixtures of
silver and magnesium phosphates identified:
Ag — 40.3 %, P — 10.00 % calculated for
the mixtures of AgzPO,4xH,O and
43.65 %, P — 12.53 %.

Example 2. Co-deposition of silver and
copper(Il) phosphates:

Silver nitrate (anhydrous) — 1.6988-1073 kg;
copper(Il) nitrate (crystallohydrate containing
28.40 % of CuO) — 2.7971-1073 kg; sodium
hydrogen phosphate (crystallohydrate containing
20.20 % of water) — 8.00-1073 kg.

The procedures described in Example 1
were applied. The pH-level for the silver
and copper(Il) nitrates solution was 3.5 and
for the mother solution, following isolation
of phosphates from filtration residue — 6.

The yield of the air-dried mixture on the
filter was 2.68:1073 kg (with heating to
250°C its weight loss was 4.0 %, and at
850°C — 8.5 %). For the samples of silver
and copper(Il) phosphates mixture obtained
under different conditions, the weight loss
with heating to 850°C reached 12.7 % . The
color of the mixture was light-green, and
with heating to 720°C it showed the forma-
tion of dark-green small polycrystals with
sparkling edges, which, when heated to
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Fig. 1. Diffraction patterns of air-dried mix-
ture of co-deposited silver and magnesium
phosphates (a); the same mixture heated at
500°C for 1 h (b).

850°C, produced porous mass that turned
into light-blue powder following grinding.
Analysis of the data for the mixtures of
co-deposited silver and copper(Il) phos-
phates identified: Ag — 374 %, P —
11.50 % calculated for the mixtures of
0.617 mole: Ag — 38.88 %, P — 11.16 %.
Fig. 1 demonstrates the diffraction pat-
terns for the air-dried mixture of silver and
magnesium phosphates and for the same
mixture heated at 500°C. The first pattern
demonstrates lines of a single Ag;PO, phase
of a cubic system only; no lines for magne-
sium phosphate are visible indicating its
X-ray amorphous state. This is possible only
when the size of particles of this substance
is below 100 nm [18]. The diffraction pat-
tern for the sample of this phosphate mix-
ture heated at 500°C for 1 h shows the
same lines of the major phase — Ag3zPO,,
and the lines of a new phase, which may
belong both to the reaction product of the
said two phosphates and to magnesium
phosphate. The lines of the new phase fail
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to match to the average magnesium phos-
phate or magnesium diphosphate, however
they are indicative of the presence of X-ray
amorphous magnesium phosphate in the air-
dried precipitate.

The diffraction patterns of the samples
of silver and copper(II) phosphates mixture,
air-dried, kept at 500°C for 1 h and kept at
720°C for 1 h (see Fig. 2), provide reasons
enough to confirm the deposition of poly-
crystalline cubical silver phosphate [19] and
X-ray amorphous copper(Il) phosphate from
the specified solutions. The latter shows
low-intensity diffuse lines with reflection
angles ©®; = 5.15° and O, = 14.45°, which is
indicative of the nano-sizes of its particles.
In the sample of the mixture heated to
720°C, the lines of silver phosphate, cop-
per(II) phosphate [19] or copper(II) diphos-
phate have not been observed. There are,
however, lines of a new phase, which has an
X-ray pattern similar to that for rhomboi-
dal a—KMgPO,-2,6H,0 in terms of location
of lines, and differing in terms of lines in-
tensity. Considering the splitting of lines
of the new phase, it can be assumed that
the phase has a triclinic distorted struc-
ture of rhomboidal a—KMgPO,-2.5H,0 [15]
and belongs to the AgCuPO, compound. In
order to finally prove this, it is necessary
to study at least two sections of the triple
system of Ag,0-CuO-P,05, namely:
Ag3PO4_CU3(PO4)2 and A920(50 mOl.%)_
CuO(50 mol.%)—P,05 by long-term samples’
heating under isothermal conditions at 500,
600 and 700°C with their subsequent X-ray
analysis.

The thermogram of the mixture of silver
and magnesium phosphates (DTA-curve)
shows (Fig. 3) that adsorbed water is lost at
30-110°C, crystallization water — at 150—
250°C, and constitutional water — at 250-
360°C; this is due to the endoeffects. This
fact is also confirmed by the weight loss
curve. The exo-effect observed at 440°C cor-
responds to the transition of magnesium
phosphate from an X-ray amorphous into a
crystalline state.

The adsorbed water is excreted from the
mixture of silver and copper(II) phosphates
at 70-120°C, and crystallization water — at
162-375°C (Fig. 3). The exo-effect, which
starts at 320°C, has been triggered by the
transition of copper(II) phosphate from an
X-ray amorphous into a crystalline state.
Here, in the DTA-curve, two superimposed
effects have been observed at 320-375°C —
crystallization of the X-ray amorphous sub-
stance (exo-effect) and weigh loss (TG-
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Fig. 2. Diffraction patterns of air-dried mix-
ture of co-deposited silver and copper(1I)
phosphates (a); the same mixture heated at
500°C for 1 h (b); the same mixture heated at
720°C for 1 hour (c).

curve) (endoeffect). In addition, since the
heat of the first effect obviously exceeds
that of the second effect, the DTA-curve
demonstrates the first effect only. The sec-
ond exo-effect occurring at 417°C is associ-
ated with the interaction between silver and
copper(Il) phosphates with the formation of
a double phosphate AQCuPO,, which is con-
firmed by X-ray diffraction analysis data.
Therefore, the cumulative results demon-
strate that the mixtures of co-precipitated
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Fig. 3. Thermogram of air-dried mixtures of
co-deposited argentum and magnesium phos-
phates (@) and argentum and copper(II) phos-
phates (b).

silver and magnesium or silver and cop-
per(Il) phosphates are deposited from the
aqueous solutions. Under the conditions of
this study, double phosphates have been only
formed from the co-deposited mixtures of
silver and copper(Il) phosphates heated
above 417-440°C (optimally, to 720°C).

The deposition of the mixtures of silver
and magnesium or silver and copper(Il)
phosphates from solutions can be explained
by different compositions of metallic ions
hydrated in the aqueous solution. Their
compositions differ by the coordination
number of water molecules, size, motion
rate of these hydrated metallic ions in the
solutions, and by their physicochemical na-
ture. In particular, Ag* ion, in the nearest
coordination sphere, has two molecules,
Cu2?* ion — four molecules, and Mg?* ion —
six molecules of water bound to it. Due to
the different sizes of hydrated ions of silver
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and magnesium or copper(ll), the double
phosphates containing these metals were not
formed in the aqueous solutions under the
conditions of the study. This, however, does
not eliminate the possibility of production
of double silver and magnesium or silver
and copper(Il) phosphates under different
conditions, e.g. in free of water ionic
fluxes.

In this regard, an attempt has been made
to use the eutectic solution KNO3;—NaNO;
(55 wt.% KNO3) as a solvent for the synthe-
sis of double silver and magnesium or silver
and copper(II) phosphates. It has been found
that even careful heating of the KNO3z—
NaNO;-AgNO;-Mg(NO3), mixture with prior
drying, or of the similar mixture with
Cu(NO3),:xH,0, does not lead to the produc-
tion of nitrate flux containing anhydrous
silver nitrates and bivalent metals. At tem-
perature as low as ~ 170°C, nitrates of biva-
lent metals start to turn into their oxoni-
trates and, with further heating — into ox-
ides. This prevents the production of double
phosphates at 240-300°C in these nitrate
fluxes. However, this process becomes possi-
ble in anhydrous eutectic fluxes at 110-
120°C [18].

The mixtures of KNO3;—-NaNO;-Ag,0-
AgNO;-MgO and KNO3;-NaNO3;-Ag,0-
AgNO;—-CuO were treated with ~ 120 mL of
water and a sodium hydroxide solution to
reach pH ~ 11. This resulted in magnesium
and silver oxides in the precipitate of the
first mixture, and copper(Il) and argentum
oxides — of the second mixture. Then, the
precipitates in both mixtures were dissolved
in the diluted (1:3) nitric acid and adjusted
to pH 4.0 with the sodium hydroxide solu-
tion for the solution of silver and magne-
sium nitrates and pH 3.5 — for the solution
of silver and copper(Il) nitrates. Each solu-
tion had a volume of 150 mL. In each of
two other vials, 8.1 g of sodium hydrogen-
phosphate were dissolved in 150 mL with
pH-level 8.5. The solutions in all vials were
heated to boiling. Then, respective solutions
of nitrates were added to the solutions of
sodium hydrogen phosphate with mixing.
The formation of a yellow precipitate of co-
deposited silver and magnesium phosphates
and a green precipitate of silver and cop-
per(Il) phosphates was observed. The
mother solutions had pH below 6, therefore,
the solutions of the precipitates and mother
solutions were supplemented with the so-
dium hydroxide solution until pH 6.5. The
precipitates and their mother solutions were
kept for 10 days with regular mixing. Then
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the solutions were filtered, washed out and
dried. The resulting filtration residues were
the mixtures with a previously determined
composition.

One of the obstacles to the isolation of
individual double phosphates may be the
size factor. In particular, in the Mg;(PQOy,),
compound, one PO43‘ anion corresponds to
one and a half ions of Mg2?*, which is
equivalent in size to 1.5x0.072 nm =
0.108 nm (rM92+ = 0.072 nm at the coordi-
nation number six as per oxygen (according
to Previtt and Shannon)). The sum of ionic
radii for Ag* and Mg2* ions (0.115 nm and
0.072 nm, respectively) is 0.187 nm [20].
However, the key factor in the formation of
the double phosphates, as well as other com-
pounds with tetrahedral ions, is the size of
voids caused by tetrahedra of PO43‘ anions
joined by their edges, vertices or faces.
Therefore, the formation of the double
phosphates becomes real under certain con-
ditions of their synthesis.

The resulting mixtures of silver and
magnesium phosphates and silver and cop-
per(Il) phosphates have antimicrobial prop-
erties. In particular, 1.5 L of deep-well
water treated with a 0.5 g mixture of silver
and magnesium phosphates may be used in
the treatment of inflammations of urinary
tract (tested over 20 days).

Electrolytic splitting of city water using
a graphite electrode showed a catalytic ef-
fect of the silver and copper(II) phosphate
mixture on the rate of hydrogen (at the
cathode) and oxygen (at the anode) deposi-
tion. In this case, 150 mL of city water has
been supplemented with 0.15 g of the speci-
fied mixture. A zinc-chloride 9 V battery of
a DIGITAL type has been used as dc power
supply. The studied mixture caused 1.6-fold
increase in the rate of gases’ deposition.
Electrolytic water splitting under similar
conditions but with silver electrodes would
result in significantly increased rate of sil-
ver dissolution at the anode and in the rate
of its deposition at the cathode (in the pres-
ence of the same mixture); this may find
application in anodic refinement of silver.

4. Conclusions

The co-deposited silver and magnesium
phosphates and silver and copper(Il) phos-
phates have been studied using chemical,
thermogravimetric and X-ray diffraction
analyses. It has been shown that the parti-
cles of magnesium and copper(Il) phos-
phates are nano-sized, in particular up to

844

100 nm. In parallel, the deposition of poly-
crystalline cubical silver phosphate from
aqueous solutions has been observed under
the same conditions. Heating of the mixture
of co-deposited silver and copper(II) phos-
phates to more than 417°C (and up to
720°C) resulted in the formation of a double
phosphate. The resulting mixtures have an-
timicrobial properties, thus, may be applied
for the treatment of water. In addition,
they act as catalysts of electrochemical
processes (electrolytic waters plitting, an-
odic refinement of silver).
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