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I read with interest the prepared communication by Mikhail
Kurushkin published in this Journal.1 In that communica-

tion,1 only two of the factors affecting the composition of the
reaction products were studied: namely, (i) the activity of metal
and (ii) the concentration of acid. Kinetics of metal reaction in
nitric acid, and maybe the possibility of formation of different
reaction gaseous products (N2O, N2, NO, NO2, NH3,

2 and
H2,

3) are also influenced by the shape of metal; for example, a
piece of thin wire or powder. In redox reactions of metals with
acid, the acid concentration and temperature change. It should
be taken into account that the reaction rate is also determined
by the difficulty of formation of the gas phase and the solubility
of gas (N2, N2O, NO, NO2, NH3 are slightly soluble in water)
in the acid solution. For motivated chemistry students, it is
important not only to write reaction equations of metals with
nitric acid of various concentration, but also to calculate their
electromotive force (EMF), indicate the most “thermodynami-
cally favorable”4 reaction, and use the value obtained to select
the prevailing gaseous product.
In the communication,1 cadmium has been selected as the

starting point: all metals above Cd in a typical activity series (Eo

= −0.40 V) are considered reactive; all metals below and
including Cd are considered less reactive. In the present work,
metals are divided into two groups on the basis of the value of
their standard potential Eo5,6 in a typical activity series: reactive
metals with Eo > 0 and less reactive ones, with Eo < 0. Nitric
acid has also been divided into three groups: very dilute acid
with concentration less 5%, dilute acid with concentration 5−
20%, and concentrated acid of 60−70%.
Below, two mnemonic schemes (Figure 1) similar to

Fleming’s left-hand rule and Fleming’s right-hand rule7 are
proposed.
The mnemonic schemes have one (Figure 1A) or two

(Figure 1B) inputs and five outputs for every finger; gaseous
products are listed in a clockwise direction toward increasing
nitrogen oxidation number. According to the literature8,9 data,
N2O is formed in the reactions of Fe and Al in dilute nitric acid;
therefore, this gas is also shown in Figure 1A. When Mn and
Mg react with 10−20% HNO3, the gaseous mixture (H2, N2,
N2O, NO), which contains approximately 80% of H2,

8 forms
(see Supporting Information.)

To determine the most “thermodynamically favorable”4

reaction, it is necessary to calculate the EMF Eo of all possible

reactions. Therefore, equations of the possible redox reactions

are written, as shown in the example for Ni metal:

+ ⎯ →⎯⎯⎯ +Ni(s) 2HNO (aq) Ni(NO ) (aq) H (g)
dilute

3 3 2 2 (a)

Figure 1. Suggested mnemonic schemes indicate the reduction
product in nitric acid. (A) Left-hand schemes for reactive metals in
dilute nitric acid; (B) right-hand scheme for less reactive metals in
dilute and concentrated nitric acid, and for reactive metals in
concentrated nitric acid.
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+

⎯ →⎯⎯⎯ + +

3Ni(s) 8HNO (aq)

3Ni(NO ) (aq) 2NO(g) 4H O(l)
dilute

3

3 2 2 (b)

+

⎯ →⎯⎯⎯ + +

5Ni(s) 12HNO (aq)

5Ni(NO ) (aq) N (g) 6H O(l)
dilute

3

3 2 2 2 (c)

+

⎯ →⎯⎯⎯ + +

4Ni(s) 10HNO (aq)

4Ni(NO ) (aq) N O(g) 5H O(l)
dilute

3

3 2 2 2 (d)

Afterward, values of the standard potential5,6 are written:
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Calculation of EMF for the reactions follows:
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Values of EMF for the reactions lead to the conclusion:
Under standard conditions (STP), all reactions take place. The
comparison of EMF values shows that E3

o > E4
o > E2

o > E1
o

(1.50 V > 1.37 V > 1.21 V > 0.25 V). Because Ni is a
moderately reactive metal, situated between H2 and Mn in the
metal activity series, reaction d can be eliminated. As the
relation between EMF and free-energy change is expressed by10

Δ = − · ·G n F E0 0

formation of NO, but not H2 or N2O, is “thermodynamically
favorable” in dilute nitric acid.
The suggested mnemonic schemes have already been used

for one year and successfully work for the reactions between
metals and nitric acid. Requiring calculation of EMF has already
been used for five years, which allows students to indicate the
most “thermodynamically favorable” reaction and to select the
prevailing gaseous product. The same requirements apply to
reactions of metals with hydrochloric and sulfuric acids.
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