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The local elemental analysis using EDX evidenced that the appearance of copper-containing particles on the 
tin surface does not affect the distribution of silver over the surface. Copper is distributed on the surface of tin 
particles more evenly than silver (see fig. 4, b; fig. 5, f, j). The entire picture does not change with an increase 
in the treatment duration in this solution up to 20 min. A parallel reduction of Ag(I) and Cu(II) ions on the tin 
surface occurs, and it ends at the stage of the formation of thinnest film of disparate nanoparticles of two inter-
metallic compounds on the surface of tin grains.

Along with the main CD reactions (1) and (2), several side processes occur during the synthesis of the 
alloys in pyrophosphate electrolyte that involve: (i) copper oxidation due to its ability to reduce Ag(I) ions as 
evidenced by the calculated values of electrode potentials under conditions used (Cu(P2O7)2

6–/Cu0) = –0.16 V, 
E(Ag(P2O7)2

7–/Ag0) = 0.34 V); (ii) tin oxidation in alkaline media according to data of thе works [20; 21];  
(iii) passivation of freshly deposited copper due to its oxidation with oxygen dissolved in the water with the 
formation of slightly soluble pyrophosphates [22]:
	 Сu0 + 2Ag(P2O7)2

7– → 2Ag0 + Cu(P2O7)2
6– + 2P2O7

4–,	 (3) 
	 2Sn + 4H2O + P2O7

4– → Sn2P2O7↓ + 4OH‒ + 2H2,	 (4)
	 2Сu + O2 + P2O7

4– + 2H2O → Cu2P2O7↓ + 4OH‒.	 (5)
To detect these side processes, the dependences of the OCP on the duration of tin, copper and silver working 

electrodes treatment in the solutions of different composition were studied (fig. 6).
The OCP of the copper working electrode in the supporting solution free of Cu(II) and Ag(I) ions in-

creases by 0.023 V (from –0.328 to –0.305 V) during 300 s, after which it remains unchanged (see fig. 6, a, 
curve 4). In the Cu(II)-containing solution the OCP similarly increases by 0.024 V from –0.316 to –0.292 V (see 
fig. 6, a, curve 3). The increase in the OCP of copper electrode in the supporting solution and in Cu(II)-contain
ing solution can be explained by the oxidation of copper with the formation of slightly soluble pyrophosphates 
(reaction (5)) or copper oxides blocking the copper surface. It explains the invariance of the OCP value after 
300 s processing. The OCP of copper electrode in solutions containing only Ag(I) ions (see fig. 6, a, curve 2) 
or both Ag(I) and Сu(II) ions (see fig. 6, a, curve 1) decreases by 0.05 V during the first 20 s. This effect is due 
to the occurrence of the CD (reaction (3)). Then OCP of copper electrode increases and approximately at 100 s 
after the immersion acquires the value of the initial potential; further slight increase of electrode potential is 
observed as the result of copper surface passivation.

Fig. 5. SEM images of the alloy powders  
Sn94.7Ag5.3 (a – c), Sn99.6Cu0.5 (d – f  ), Sn94.0Ag4.8Cu1.2 (g – j) 

in topographic mode (a, d, g) and in compositional mode (b, c, e, f, h – j)


