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PARTICLE SIZE PHENOMENA EXPERIMENTS 
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 It can be easily shown that if a zinc rod is immersed for 
several minutes in CuSO4 solution it is readily covered with a 
black layer (or even powder, if the solution is concentrated). 
According to some elementary knowledge of chemical reactiv-
ity, the black substance should be identified as copper. So, why 
is it black? 

During the well-known reaction between zinc and hy-
drochloric acid, a formation of black powder (“zinc blacking”) 
may be noticed very often. What is the chemical nature of that 
black substance? 
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 For several years, we have been engaged with 
lecture experiments in chemistry (i.e. chemical 
demonstrations). There are many books on this 
subject, covering a wide area of chemistry [1–6]. 
Hundreds of experiments are described and thor-
ough observations followed with detailed explana-
tions are often given. One may successfully per-
form a number of these experiments, making the 
lectures more vivid. 

In the course of these activities, sooner or 
later, one inevitably comes across some phenomena 
that have never been satisfactory explained, al-
though the observations are such as to require an 
explication. Two related and well-known experi-
ments are mentioned in this paper. Although the 
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ments are mentioned in this paper. Although the 
observations are in complete disagreement with 
expectations based on common experience, to the 
best of our knowledge no explanation has ever 
been offered. We do not doubt that many lecturers 
must have identified the true cause of the phe-
nomenon. However, when doing lecture experi-
ments for students, one must bear in mind that even 
trivial things must to be explained. The reason is a 
simple one: the audience is far from being experts 
capable of explaining everything they observe. 
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EXAMPLE EXPERIMENTS 
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 (1) We do believe that you have already per-
formed (at least once) the reaction between zinc 
and copper sulphate, probably as a school (lecture) 
experiment to demonstrate and compare various 
elements reactivity. As shown by the reaction: 

Zn +  Cu2+ =  Cu +  Zn2+ 

copper is substituted by zinc, but instead of a 
glossy red substance, a black one is obtained (Fig. 
1a). Is there anything wrong with the theory? Or, 
perhaps, the black substance is copper but of some 
unknown form/allotropic modification? 

The answer to both questions is negative. 
Everything is fine with the theory, and the black 
substance is an ordinary copper. But to convince 
the class, it may be a good idea that you prove this 
in some way, preferably not very involved. We pro-
pose the method outlined below. 

If you have a press available (typically one 
that IR spectroscopists use), this could be done 
fairly easy. First of all, you need at least 0.5 g of 
the “black copper” (Fig. 1b), so prior to the demon-
stration you should leave another zinc rod in a 
CuSO4 solution for several hours. Collect the pow-
der, dry it and make a pellet using the press (about 
10 t per cm2, that is about 1 GPa, gives excellent 
results). The black powder turns into shiny copper 
disk, to the great astonishment of the students (Fig. 
1c). 
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Fig. 1. (a) Zinc rod immersed in aqueous solution of CuSO4 (left part), i.e. [Cu(NH3)4]SO4 (right part);  
(b) “black copper” powder; (c) shiny disk (pellet) obtained by pressing “black copper” 
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 If you do not have a press, you may do the fol-
lowing: pack the black powder in a metal foil (an 
aluminium one works fine). Then, put the package 
on a metal plate and give it a strong hit with a 
heavy hammer. The hit (which actually induces 
agglomeration of the particles), is followed by a 
spectacular colour change. 

After this, a full explanation may be given. 
The black substance (fine powdered copper) con-
sists of very small particles which  scatter the light 
very efficiently. Due to this scattering, virtually no 
light is sent back to the eye – that is why the sub-
stance looks black. The size of copper particles (or, 
better, of the microscopic monocrystals) is a func-
tion of the reaction rate which is rather high in this 
case. As a result, large amount of crystal nuclei 
occur, the monocrystals do not grow considerably, 
and efficient scattering takes place. 

You may, indeed, obtain copper on a zinc rod 
in a form of larger monocrystals, as a compact 
polycrystalline layer with its characteristic red col-
our. This may serve, at the same time, as an alter-
native/additional demonstration of the true nature 
of the ‘black powder’. To accomplish this, a sub-
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of the ‘black powder’. To accomplish this, a sub-
stantial decrease of the reaction rate is necessary. 
One way to do this (perhaps the simplest one) is to 
decrease considerably the cooper sulphate 
concentration. However, in a very diluted solution 
the copper will be depleted shortly, and the result 
of the experiment (if any) may not be the desired 
one. There is a more elegant way to solve the prob-
lem, based on the properties of the ammonia com-
plex of copper(II). The solution contains the com-
plex [Cu(NH3)4]2+ which is very stable. In other 
words, the concentration of the Cu2+ ions in the 
solution will be low and practically constant during 
the reaction. The reaction will now be very slow 
(several hours may be needed for the copper film 
formation). We suggest the same zinc rod be used 
for the two experiments: use one end for the ex-
periment with copper sulphate and the other one 
for the experiment with ammonia complex (Fig. 
1a). By the end of the lesson (the lecture demon-
stration), the zinc rod should be shown to the stu-
dents with the previously prepared black powder 
and the pellet obtained. 

(2) In principle, a similar phenomenon occurs 
during the reaction between zinc and hydrochloric 
acid. Usually the zinc is covered with some black 
substance. The reaction: 

Zn +  HCl = H2 + ZnCl2 

however, shows that the products are hydrogen and 
zinc chloride and we know they are not black. Ac-
cording to the discussion and explanations given in 
the first experiment, the black substance could be 
an aggregate of microscopic particles of zinc. But, 
if the substance is zinc, how could it survive in hy-
drochloric acid for quite a time? The zinc particles 
“mean-life” in an acid like HCl should be ex-
tremely short. Correct? Just imagine the reaction 
between HCl and Zn powder. Or perform it. It is a 
very vigorous one. Then, how do Zn particles exist 
that long in hydrochloric acid? 

Our explanation is that the contact between 
the acid and zinc is severally restricted. As de-
picted in Fig. 2, zinc particles are surrounded by 
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picted in Fig. 2, zinc particles are surrounded by 
hydrogen micro-bubbles and only a minor part of 
the metal surface is ‘available’ for the acid. 
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Fig. 2. Hydrogen micro-bubbles on a zinc particle surface (schematic representation��
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Hg2Cl2 +  SnCl2  =  2Hg  +  SnCl4   
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2AgX → 2Ag + X2          (X = Cl, Br, I) 

 To prove this, take up black Zn and scratch it 
on a filter paper. Repeat this until the paper is 
black enough. Then, cut the paper into two pieces, 
dry one of them and keep the other one wet. Then 
put the pieces in hydrochloric acid. The black col-
our will disappear faster with the dry one. Why? 

One may also point to other examples that are 
also common to our experience, i.e. 

Hg2Cl2 + SnCl2 = 2Hg + SnCl4 

or 

2AgX → 2Ag + X2          (X = Cl, Br, I) 

where the black colour is a consequence of the in-
tense light scattering by the microscopic particles 
of liquid mercury or of solid silver. 
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