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A safer version of the classic demonstration to show the movement of positive and negative ions 

Kit 

For the electrolyte solution 
• 2 g ammonium chloride (causes severe eye irritation) 
• 100 cm3 of 2 mol dm-3 ammonium hydroxide solution (corrosive to eyes, skin irritant) 

For the copper chromate mixture 
• 0.2 g potassium dichromate(VI) (toxic, causes severe skin burns and eye damage, may cause 

breathing difficulties by inhalation, may cause genetic defects, may cause cancer, damage 
fertility or the unborn child, causes organ damage through prolonged or repeated exposure, 
may intensify fire) 

• 0.25 g hydrated copper(II) sulfate(VI) (harmful, irritating, causes serious eye damage, very toxic 
to aquatic life with long-lasting effects) 

• 1 cm3 concentrated ammonia (35%/‘880’) (corrosive, irritating, causes severe burns and eye 
damage, toxic by inhalation) 

For the demonstration 
• 20 V DC power supply 
• Wires and crocodile clips 
• Two steel paper clips 
• Two petri dish bases (for depth) 
• Filter paper or chromatography paper 

Health and safety 
CLEAPSS members should consult PS067m and HC006. 

Work in a well-ventilated room as ammonia vapour will diffuse away from the electrolyte. 

Wear goggles. 

Never allow chromate(vi) solutions or spills to dry out – wipe up with a damp cloth immediately. 

Electrolyte solution can be reused if no significant changes have occurred. If you need to dispose of it then 
mix with at least three times the volume of water to dilute to 0.5 M and rinse down a foul water drain (a fume 
cupboard may be needed on a warm day). 

Residues from an empty copper chromate mixture can be washed down a foul water drain with plenty of 
water. Otherwise, carefully add 20 cm3 of 1 M H2SO4 to acidify before adding a spatula of sodium 
metabisulfite to completely reduce any chromium(VI) to chromium(III) and wash the resulting solution down a 
foul water drain with plenty of water. 

https://rsc.li/3ng2Pxx
http://science.cleapss.org.uk/Resource-Info/PS067m-The-movement-of-ions.aspx
http://science.cleapss.org.uk/Resource-Info/HC006-Ammonia-solution-NH3-aq.aspx
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Preparation 
To prepare the copper(II) chromate(VI) mixture, wear splash-proof goggles and disposable gloves. Avoid 
raising dust, working in a fume cupboard with the extractor off and the sash partially down. Weigh out 0.2 g of 
potassium dichromate(VI) and 0.25 g of hydrated copper(II) sulfate(VI) into a glass sample vial. Add 1 cm of 
concentrated ammonia (open the bottle cautiously as pressure may have built up) with a dropping pipette and 
stir with the tip to form a green suspension. Wipe the area thoroughly with a damp cloth before proceeding. 

This produces enough for approximately five demos. 

When preparing the electrolyte solution, work in a well-ventilated lab, wearing splash-proof goggles. Dissolve 
2 g of ammonium chloride in 100 cm3 of 2 mol dm-3 ammonium hydroxide solution and store in a labelled 
bottle. 

In front of the class 
Work in a well-ventilated lab and wear disposable gloves. Place two petri 
dish bases next to one another, bend the paper clips so that they can sit 
over the edge of the dish and be held with a crocodile clip attached to a 
wire for connection to the terminals of the power supply (see image). Fill 
the petri dishes approx 5 mm deep with electrolyte so that the paper clips 
inside the dishes are submerged for electrical contact. Place a 
rectangular piece of filter paper or chromatography paper (approx 8 × 2 
cm) so that one short side is submerged into each of the two dishes. The 
electrolyte will absorb onto the paper, but you may need to add a few 
drops in the centre to moisten it evenly. Dab off any excess liquid. 

Using a dropping pipette, draw up a few drops of the suspension mixture 
from the sample vial and draw a thin green line of copper chromate 
mixture in the centre of the paper, perpendicular to the direction of current. 

Set the DC power supply to 20 V. In less than five minutes a band of yellow will move towards the positive 
terminal and a band of blue will move towards the negative. Ensure you turn off the current before the bands 
reach the bulk electrolyte if you wish to reuse it. The current can be reversed to flip the direction of the 
movement of the bands, causing the colours to mix once more. 

Teaching goal 
For younger students it’s good enough to talk about blue Cu2+ ions and yellow CrO42- ions. From the 
chemistry perspective, a prediction of the direction of movement of these oppositely charged species would 
suffice. Before turning on the current it’s worth asking students to consider how quickly they think the colours 
will move, given the apparent instantaneous nature of a light bulb turning on when a switch is pressed (if 
they’ve seen the NH3/HCl diffusion demonstration, they may speculate as to whether the Cu2+ and 
CrO42- ions move the same distance) – this can reinforce their mental models of charge movement in a 
circuit. To help students grasp the concept of charge movement, introduce them to PhET circuit construction 
kit simulation (bit.ly/3v6yZ21) that shows charge carriers in a wire. This should allow them to recognise that 
other charge carriers must be in the electrolyte. 

Close inspection of the paper clips when the current is flowing will indicate the presence of other ions. When 
the current is reversed, students can observe the opposite direction of ion migration and the change in 
behaviour at the paper clip terminals. What predictions might the students have for the differences seen in a 
similar experiment performed with singly charged ions? 

Older students will appreciate that the copper ion does not exist as a freely-moving entity in solution, but 
rather as a complex ion, and that the high concentration of ammonia in the green mixture will lead to the 
formation of the [Cu(NH3)4(H2O)2]2+ complex ion, which has a much deeper blue colour than the hexaaqua 
complex. This aids the visibility of the demonstration. They may also have explored the acid-base equilibrium 
between the orange Cr2O72- ion and yellow CrO42- ion, which is worth drawing their attention to. 

 

Top tip 
The concentration of solutions of 
ammonia will drop over time, so if an 
orange-brown sludge is produced in the 
sample vial rather than a bright green 
suspension, then your concentrated 
ammonia has lost much of its potency – 
simply adding 0.5 cm3 fresh 
concentrated ammonia should rescue 
the mixture. 
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