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ABSTRACT: A laboratory experiment for the synthesis of cobalt and nickel
oxalates and their subsequent pyrolysis to their respective elementary metals is
described. The oxalates are obtained by a metathesis reaction and the pyrolysis
products (especially cobalt) show remarkable catalytic activity in the
decomposition of hydrogen peroxide.
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P

owdered metals show remarkable chemical activity.1 For
example, they can spontaneously ignite in air2 and they can
show catalytic activity in a variety of valuable reactions.3 Thus,
they are interesting and exciting for students to study. Many
authors obtain pyrophoric cobalt and nickel by decomposing
their respective carboxylates: oxalates4,5 or formates.2−4
Oxalates were chosen for this experiment due to their
insolubility and because they are easily obtained by metathesis
reaction. Literature oﬀers two sources for the oxalate ions for
this approach: sodium oxalate and oxalic acid.6 Equilibrium
considerations, however, make sodium oxalate the only possible
choice in this student experiment (vide infra).

The students then dehydrate hydrated oxalates (eq 3) and
subsequently decompose anhydrous oxalates to yield powdered
metal (eq 4).
Δ

MC2O4 ·2H 2O(s) → MC2O4 (s) + 2H 2O(g)
Δ

MC2O4 (s) → M(s) + 2CO2 (g)

EXPERIMENT OVERVIEW
In this experiment, the students synthesize solid cobalt or nickel
oxalate from solutions containing sodium oxalate and cobalt or
nickel chloride:7
MCl 2(aq) + Na 2C2O4 (aq) + 2H 2O
(1)

It is important for the student to use the reactants in the exact
stoichiometric ratios. Any excess metal chloride will remain
dissolved in solution and any excess oxalate will result in the
formation of soluble oxalate complex:
MC2O4 (s) + Na 2C2O4 (aq) ⇌ Na 2[M(C2O4 )2 ](aq)

(2)

With either metal, the supernatant solution will be colored
(pink for cobalt and green for nickel), allowing the visualization
of the students’ inaccuracies in weighing the reactants.
© XXXX American Chemical Society and
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(4)

During the reductive decomposition at elevated temperatures,
the metal oxalate should be protected from exposure to air, due
to its high reactivity toward oxygen. However, under standard
laboratory conditions, the student is not able to avoid the
presence of some oxide impurities in the ﬁnal metal product.
The students investigate the products to (a) conﬁrm that they
have isolated the desired metals, (b) demonstrate their catalytic
activity in the decomposition of hydrogen peroxide, and (c)
observe their smoldering upon exposure to air.
The experiment is divided into two parts. In the ﬁrst part,
synthesis of oxalates requires knowledge of the following
concepts: stoichiometry, metathesis reactions, and complexation. It involves the demonstration of skills in (a)
stoichiometric calculations, (b) solubility calculations, (c)
weighing, (d) dissolving, and (e) ﬁltering and drying of
precipitates. In the second part, the decomposition of oxalates
and the investigation of the products require knowledge of
decomposition, hydrated salts, oxidation and reduction, metals,
heterogeneous catalysis, and the role of a surface. The necessary
skills involve (a) pyrolysis of substances, (b) air-free handling of

■

→ MC2O4 · 2H 2O(s) + 2NaCl(aq)

(3)
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formed.1,4,6,7,11,13 However, increasing the temperatures (in
vacuo or inert atmosphere) to ∼320−450 °C and ∼320−375
°C for cobalt and nickel, respectively, decomposes the oxalates
(eq 4) to yield mainly pyrophoric metals.4,5,12 In the presence
of H2, the particle size was reported to be about 0.1−1 μm.14
Possible side reaction1,8,13,15 or the presence of residual traces
of water16,17 during this second step of the pyrolysis leads to
the presence of metal oxides that cannot be removed from the
ﬁnal metal powder:

chemicals and reactions, and (c) establishing the chemical
nature of a product based on its chemical properties. The main
goal of this laboratory experiment is to link multiple concepts
and skills that the student should have previously acquired.
Each of the two parts requires about 1−1.5 h (excluding the
necessary calculations), with a break of several days to allow the
precipitates to dry. If the experiment is to be carried out in a
single laboratory session, the precipitates may be dried at
elevated temperatures and the time required for the entire
experiment will be three hours.

■

Δ

MC2O4 (s) → MO(s) + CO(g) + CO2 (g)

CHEMICAL BACKGROUND
In general, oxalates of bivalent transition metals exist as
dihydrates and are insoluble.1 The solid oxalates of cobalt and
nickel are able to coordinatively bind an additional oxalate ion,
resulting in the formation of soluble complexes8 (eq 2; Table
1). Consequently, ensuring a precise stoichiometric ratio during
the precipitation of the solid oxalates (eq 1) becomes important
to ensure quantitative yield.

To prevent the formation of oxides (eq 6), one needs to ensure
the complete dehydration of the oxalates before the
decomposition step and to perform the dehydration and
decomposition under an inert atmosphere, for example, N2 or
CO2. The easiest way to protect the products is to use selfgenerated atmosphere of CO2 during the decomposition.

■

Table 1. Metal−Oxalate Binding Constants, β, for Cobalt
and Nickel
Metal
Co2+
Ni2+
a

logβ1

log β2

(for MC2O4)

(for [M(C2O4)22‑])

3.5a
4.3c

6.7b; 6.4a
6.5b; 7.5c

(6)

EXPERIMENTAL PROCEDURE

Prelaboratory Calculations

Before the hands-on laboratory procedures, the students
calculated the masses of sodium oxalate and metal chloride
hexahydrate needed to obtain 1 g of the metal; the volumes of
water needed to dissolve the respective oxalates and metal
chlorides; and the theoretical yields of oxalates. The calculated
values are presented in Table 2.

Data from ref 9. bData from ref 8. cData from ref 10.

Synthesis of Oxalate Dihydrates

To obtain metal oxalate dihydrates, students dissolved 4.55 g of
Na2C2O4 in 80 mL of water. If necessary, students heated the
mixture slightly for about 15−20 min until a homogeneous
solution was observed. In another vessel, 4.05 g of metal
chloride hexahydrate was dissolved in 10 mL of water. Slowly,
while stirring, the solution of metal salt was added to the
oxalate solution. Pale pink precipitate formed for cobalt and
pale green for nickel.
The excess supernatant was decanted and the precipitated
collected by standard ﬁltration or using vacuum and a Buchner
funnel. The isolated precipitates were either dried in air at room
temperature for seven days or by heating at temperatures below
∼200 °C using a porcelain dish on a sand bath for 20−30 min.

Literature suggests using either a soluble oxalate salt or oxalic
acid as the source of the oxalate ion for the precipitation. This
experimental procedure uses sodium oxalate because the
relatively weak oxalic acid could prevent the metal oxalate
from quantitative precipitation due to an equilibrium:
HC2O−4 (aq) + M2 +(aq) ⇌ H+(aq) + MC2O4 (s)

(5)

Although the acid equilibrium constant for the second proton
of the oxalic acid is small and the association constants for the
metal and oxalate are large, there is a signiﬁcant concentration
of protons present in solution from the ﬁrst acid ionization of
the diprotic acid. The latter will prevent the equilibrium in eq 5
from proceeding far to the right, reducing the yield of metal
oxalate as a result.
Upon heating, cobalt and nickel oxalates ﬁrst lose the crystal
water and then totally decompose. In an inert atmosphere, that
is, in the absence of oxygen, both steps are endothermic.5,6,11−17 With gradually increasing temperatures, these
steps can be safely performed by the students under standard
laboratory condition. Dehydration in an inert atmosphere (eq
3) occurs at temperatures ∼150−220 °C and ∼200−280 °C for
cobalt and nickel, respectively.1,6,11,12 At higher temperatures,
temperatures greater than 220 and 280 °C for cobalt and nickel,
respectively, in the presence of oxygen or air, oxides are

Dehydration of Oxalates

The oxalate dihydrate was placed in a porcelain dish and heated
while stirring for 20−30 min at 200−250 °C, using a heater or
sand bath, until the cobalt oxalate changed color from pink to
lilac or the nickel oxalate turned from bluish green into greenish
yellow. If a black color was observed, the temperature was too
high. The anhydrous substances were transferred to a test tube
while they were hot because they are hygroscopic.
Pyrolysis of Oxalates

The anhydrous oxalate was placed in a test tube and capped
using a cork with a narrow right-angled glass tube. This allowed

Table 2. Calculated Data for a Yield of 1 g of the Respective Metal
MCl2•6H2O

Na2C2O4

a

a

b

a

MC2O4•2H2O
c

Metal

Mass/g

Solubility /(g/100 g)

Volume of H2O /mL

Mass/g

Solubility /(g/100 g)

Volume of H2O /mL

Theor. Yield/g

Co
Ni

2.28
2.28

3.7
3.7

62
62

4.04
4.05

55
53

2.2
2.3

3.11
3.11

Solubitilty given for 20 °C. bRecommended: 80 mL. cRecommended: 10 mL.
B
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heating of substances (ﬁrst as individual steps and later in a
sequence involving several diﬀerent steps). The total number of
students that successfully completed this laboratory experiment
exceeds 60. The experiment required two periods of 1.5 h in
addition to the time necessary for calculations (about 45 min in
total, under the guidance of a teacher).

the gaseous products out but impeded the back mixing in of air,
thus providing an easy way to protect the excessive oxidation of
the products. With the use of a a test tube holder, the test tube
was heated over a ﬂame while continuously maintaining a
circular movement. If water condensed on the walls of the test
tube, the walls were gently heated until the water evaporated. If
the vapor condensed in the glass tube, the students let it drip
out into a small beaker. Water condensation was usually
observed as the result of incomplete dehydration in the
previous step. The pyrolysis was complete when the mixture in
the test tube turned black. The reaction mixture was cooled
down while still utilizing the cork to cover the tube. This stage
usually required 10−15 min.

Synthesis of Oxalates

While adding a solution of a metal salt to oxalate solution,
initially an intensively colored solution is formed (purple for
cobalt and green for nickel). This can be easily explained by
complex formation. Upon continued addition, precipitation is
observed. When isolating the precipitate, the decanted solution
is almost colorless both for cobalt and for nickel.

Investigation of the Products

Pyrolysis of Oxalates

A small quantity of the black product was placed into an
aqueous solution of 3% H2O2 and another small quantity into
an aqueous solution of 10−12% HCl. In both cases, the
evolution of gas was observed. The gas evolved from aqueous
H2O2 was tested for oxygen using a glowing or smoldering
match. The gas released from HCl was tested for hydrogen by
using a burning match to ignite it. To demonstrate the
combustible nature of the powders, a ﬂame from a butane gas
torch was directed over a small sample of powder in a porcelain
dish for a few seconds. The powder smoldered. This
investigative stage usually required about 10 min.

Commonly observed challenges encountered by the students
were incomplete pyrolysis and water condensing in the bent
tube, often dropping down into a beaker. It helped to
continuously move or gently shake the tube; otherwise, some
of the crystals on the inside would not decompose.
Properties of the Decomposition Products

We sometimes observed several sparks when exposing the hot
product of the cobalt oxalate decomposition to air; however, we
did not observe this in the case of nickel or with either
decomposition products when cooled to room temperature.
However, when directing a jet of a gas ﬂame onto both
powders, they begin to smolder and continue smoldering after
the ﬂame has been removed.
Both powders catalyzed the decomposition of 3% aqueous
hydrogen peroxide: a smoldering match test for gaseous
product, O2, was positive. The catalytic properties of cobalt
are remarkable: the powder is not able to sink to the bottom of
the solution but ﬂoats on the gas bubbles that are produced.
The catalytic properties of nickel powder are less pronounced.
Therefore, cobalt is more suitable for demonstrating the
catalytic eﬀect.
Both powders react with 10% aqueous HCl with gas
evolution being observed; however, the cobalt powder reacts
more vigorously. The hydrogen gas may be ignited, producing a
“wooshing” sound. Hence, the powder contains a signiﬁcant
portion of metal capable of reducing the hydrogen cations. The
gas formed from nickel powder does not produce this unique
sound upon ignition, mainly because the metal is less reactive,
producing hydrogen at a lesser rate or because the powder
contains higher portion of nickel oxide.

■

HAZARDS
Safety goggles, an apron, and gloves should be worn throughout
this experiment. Students should be cautioned not to touch hot
objects and should immediately place burns under cool running
water. Sodium oxalate, nickel chloride, and cobalt chloride are
toxic and skin irritants. As always, students should avoid
swallowing and inhalation. In case of skin contact, these
chemicals should be washed oﬀ using cold water without soap.
The particular hazards for cobalt chloride are describes
elsewhere.18
While decomposing well-dried anhydrous oxalates in the
second step of the pyrolysis, ﬁne powder can be carried out of
the test tube with the gas ﬂow. Furthermore, carbon monoxide
may also be formed. Therefore, this stage should be conducted
in a fume hood. If there are residues of oxalate hydrates, water
condensate may drop onto the hot glass surface and crack it.
Students should avoid heating the whole test tube.
The obtained powders can be pyrophoric. Students should
avoid using ﬂammable materials in the fume hood while
handling the metal powders. Also, these metal powders can be
irritating. Therefore, students should not inhale and should
avoid exposure in general. The powders should not be stored.
To dispose of them properly, they need to be covered with
water, which prevents evaporation.

■

CONCLUSIONS
The synthesis of powdered cobalt and nickel via pyrolysis of
their oxalates is a beautiful laboratory exercise, linking diﬀerent
concepts and skills. It is easy to visualize students’ mistakes
during this procedure.

■

■

DISCUSSION
This laboratory (without the dehydration part) has been
conducted in accelerated classes in our school with eighth grade
students. When the students carried out this experiment, they
had been studying chemistry for at least 1.5 years with 4 lessons
(45 min) a week and had learned about metathesis reactions,
decomposition, stoichiometric calculations, and calculations of
solubility. They also had carried out tasks involving
stoichiometric calculations and calculations with solutions and
had performed several laboratory experiments developing the
skills involved in metathesis reactions, weighing, ﬁltration, and
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