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Quantitative chemistry allows students to generate exper-
imental data and link it  with their knowledge of particles, 
chemical equations, and numerical equations. This can be 
difficult for students to master and requires practice and fa-
miliarization with the equations and formulae involved.

Microscale chemistry methods use less reagents, reduce 
costs, decrease the time taken for preparation, and minimize 
the production of hazardous substances.[1] These microscale 
practical activities are relatively simple and quick to do, and 
thus, can help students focus on the chemistry and reduce 
the load on working memory. Despite the small masses and 
volumes involved, the data generated from microscale ex-
periments shows equivalent or better results than tradition-
al equipment, although a comparison of techniques is a use-
ful exercise in error analysis.

Rates of reaction lessons can bring together concepts about 
how reactions are proceeding and how the particles are in-
teracting. This can lead into collision theory, which identifies 
the factors required for a successful collision (sufficient en-
ergy and correct orientation of the particles) and factors that 
affect the rate of reaction, such as concentration, tempera-
ture, surface area, and the presence of catalysts.[2]

These activities can be done with students aged 16–18 and 
can take about 50–100 minutes each, depending on the num-
ber of repeats performed. 

Activity 1: Investigating the effect of 
concentration on rate of reaction
The reaction between sodium thiosulfate and hydrochloric 
acid produces a fine precipitate of solid sulfur. This allows 
the relative rate of reaction to be calculated by measuring 
the time needed for the reaction mixture to become opaque.

Na2S2O3(aq) + 2HCl(aq) → S(s) + SO2(g) + 2NaCl(aq) + H2O(l)

This microscale method has advantages over the large-scale 
reaction. Smaller amounts of chemicals are used, thereby 
reducing cost and preparation time. Due to the reduced vol-
umes used, the total volume of toxic sulfur dioxide produced 
is significantly reduced, lowering the exposure to students 
and teachers. A stop bath is included, which stops the reac-
tion by neutralizing hydrochloric acid and acidic sulfur diox-
ide, preventing further release of sulfur dioxide.

The time taken to do the experiment is reduced and repeats 
can be done if desired.
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Materials
	⦁ Distilled water 
	⦁ 1 M hydrochloric acid (caution: irritant)
	⦁ 0.1 M sodium thiosulfate 
	⦁ Syringes (1 ml and 5 ml)
	⦁ Small glass vial (about 1 cm in diameter)
	⦁ Pen and paper
	⦁ Timer
	⦁ 0.5 M sodium carbonate 
	⦁ Phenolphthalein solution in ethanol (0.1% w/v)  

(caution: highly flammable)
	⦁ Eye protection
	⦁ Large beaker (250 ml) for stop bath

Procedure
1.	 Make the reaction stop bath by adding 10 cm3 sodium 

carbonate solution to a 250 ml beaker and adding a few 
drops of phenolphthalein solution.

2.	 Draw a cross on a piece of paper.
3.	 Add 0.5 cm3 of hydrochloric acid to the vial using a 1 ml 

syringe. Place the vial over the cross.
4.	 Start the timer and add 4.5 cm3 of sodium thiosulfate 

solution from a 5 ml syringe to the reaction and measure 
the time until the cross can no longer be seen through 
the vial from above (figure 1). Record this time.

5.	 Pour the reaction mixture into the stop bath, clean  
the vial, and repeat using reaction mixtures 2–8 shown 
below. 

Reaction number 1 2 3 4 5 6 7 8

1 M hydrochloric acid 
(cm3)

0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5

Water (cm3) 0 0.5 1.0 1.5 2 2.5 3.0 3.5

0.1 M sodium thiosulfate 
solution (cm3)

4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0

6.	 From the results, plot a graph of relative rate of reaction 
(1/t) against sodium thiosulfate volume (cm3) for each 
vial (figure 2).

Results
A sample table of results obtained from this experiment  
is given below.

Volume of sodium 
thiosulfate (cm3)

Time taken for cross 
to disappear (s)

Relative rate of  
reaction, 1/t (s−1)

1.0 183 0.0054

1.5 143 0.007

2.0 111 0.009

2.5 82 0.015

3.0 63 0.016

3.5 58 0.017

4.0 47 0.021

4.5 43 0.023

Safety notes

Disposal 
Pour the completed reaction mixtures into the prepared 
alkaline stop baths. If the waste mixture loses the pink 
colour, add additional 0.5 M sodium carbonate solution. 
Pour the stop-bath mixture down the foul-water drain 
with additional tap water. Rinsed glassware can be 
washed up as normal.

Chemicals
1 M hydrochloric acid is an irritant  
and the solution of phenolphthalein  
in ethanol is highly flammable. Use 
eye protection and do not perform 
the experiments near any sources  
of ignition.

Figure 1: As the reaction of sodium thiosulfate and hydrochloric 
acid proceeds, the sulfur precipitate formed obscures a cross drawn 
under the vial.
Image courtesy of Adrian Allan
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Figure 2: Graph showing the relationship between volume of sodium thiosul-
fate and relative rate of reaction
Image courtesy of Adrian Allan

Discussion
The results in figure 2 demonstrate that the relationship 
between the volume of thiosulfate solution and the relative 
rate of reaction is directly proportional. Since the total vol-
ume is always the same, the volume of thiosulfate solution 
can be taken as a measure of thiosulfate-ion concentra-
tion. An extension activity for older students could involve 
calculating the concentrations of thiosulfate ions and plot-
ting concentration against relative reaction rate.

Collison theory can be discussed with students. Increasing 
the concentration results in more collisions between par-
ticles, since there are more particles occupying the same 
volume of space.

The data points for the slowest reactions have a higher 
chance of error and anomalous results because the time to 
obscure the cross is more gradual. This is a good discussion 
point and allows students the opportunity to repeat reac-
tions and use averages, if desired.

This experiment can be done with larger volumes or with 
fewer reactions, depending on time and resources. An Ar-
rhenius plot of the data collected can also be drawn, and 
Arrhenius equations can be used to determine the activation 
energy for the reaction, which is approximately 50 kJ/mol.[3] 

If microwell plates are available, the reaction can be done 
using dropper bottles instead of syringes.[4]

Optional extension
This activity can be extended to investigate the effect of tem-
perature on the relative rate of reaction. By immersing the 
vial in hot or cold water, the reaction mixture can be heated 
or cooled quickly. The temperature of the reaction should be 
below 60C° to minimize exposure to sulfur dioxide.[5]

Activity 2: Investigating the effect of 
temperature on rate of reaction
The aim of this experiment is to find the effect of varying 
temperature on the relative rate of reaction between eth-
anedioic (oxalic) acid and an acidified solution of potassium 
permanganate:

5(COOH)2(aq) + 6H+ + 2MnO4
2−(aq) → 2Mn2+(aq) + 10CO2(g) + 8H2O(l)

Initially, the reaction mixture is purple in colour due to the 
presence of permanganate ions, but it will turn colourless as 
soon as they are used up. This colour change allows us to fol-
low the course of the reaction. Using dropper bottles allows 
the use of smaller volumes without sophisticated measuring 
apparatus and gives students more time to focus on the con-
tent rather than measuring accurately.

Safety notes
Some of the chemicals are harmful; wear eye 
protection. If any chemical splashes on skin, it 
should be washed off immediately with water.

 Materials
	⦁ Distilled water in a dropper bottle
	⦁ 1 M sulfuric acid in a dropper bottle (caution: skin and 

eye irritant – wear eye protection)
	⦁ 0.02 M potassium permanganate solution in dropper 

bottle (caution: oxidizing, harmful)
	⦁ 0.2 M oxalic acid in dropper bottle (caution: harmful)
	⦁ Small glass vial (about 1 cm in diameter, with a capacity 

of at least 2 ml)
	⦁ Beaker of hot water recently boiled in a kettle
	⦁ Timer
	⦁ Small thermometer
	⦁ White tile

Procedure
1.	 Add 40 drops of distilled water, 5 drops of sulfuric acid, 

and 2 drops of potassium permanganate to a glass vial.
2.	 Insert a small thermometer into the vial and place the 

vial in a beaker of hot water until the mixture reaches 
40C°. Note the temperature.

3.	 Place the vial on a white tile.
4.	 Add a drop of oxalic acid to the vial and start the timer 

at the same time.
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5.	 Gently stir the mixture with a thermometer.
6.	 When the reaction mixture just turns colourless, stop the 

timer, and record the time in seconds (figure 3).
7.	 Repeat the experiment another three times, but heat the 

initial reaction mixture with water, sulfuric acid, and po-
tassium permanganate first to 50C°, then 60C°, and finally 
to 70C°. More temperatures can be done if time allows. 

Figure 3: As the reaction of oxalic acid with acidified potassium per-
manganate solution progresses, the solution becomes colourless.
Image courtesy of Adrian Allan

Results
A sample table of results is shown below and the corre-
sponding graph can be drawn (figure 4).

Temperature of reaction 
mixture at start of reaction 
(°C)

Time for reaction  
to go colourless (s)

Relative rate,  
1/t (s−1)

34 78 0.0128

40 51 0.02

50 25 0.04

60 11 0.09

70 5 0.2

Figure 4: Graph showing the relationship between temperature of 
oxalic acid and acidified permanganate and rate of reaction
Image courtesy of Adrian Allan

Discussion
The results in figure 4 demonstrate that the relative rate of 
reaction increases with rising temperature. However, since 
the graph of rate against temperature is a curve, the rate is 
not directly proportional to temperature. In fact, it can be 
seen from the graph that the rate of reaction doubles if there 
is a temperature rise of about 10C°.

These results can be used to discuss with students the con-
cept of activation energy, which is the minimum energy re-
quired for particles to have a successful collision. Diagrams 
showing the energy distribution of particles can be used to 
show how a small increase in temperature can give a signif-
icant increase in reaction rate, as more molecules will have 
an energy greater than the activation energy (figure 5).

Figure 5: Distribution of energy among particles at different 
temperatures. As the temperature increases from T1 to T2, more 
particles have an energy greater than the activation energy (EA). 
This increases the chance of successful collisions, resulting in an 
increase in reaction rate.
Image courtesy of Adrian Allan
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Resources
	⦁ Follow a video make-it guide for constructing the mi-

croscale conductivity meter.

	⦁ Demonstrations of the experiments in this article can be 
found in this Science on Stage webinar on microscale 
chemistry.

	⦁ Watch a demonstration of the microscale electrolysis of 
copper chloride.

	⦁ Read an introduction to microscale chemistry in the 
classroom: Worley B (2021) Little wonder: microscale 
chemistry in the classroom. Science in School 53.

	⦁ Teach about pH chemistry using microscale methods: 
Worley B, Allan A (2021) Little wonder: pH experiments 
the microscale way. Science in School 54.

	⦁ Teach the chemistry of precipitation using microscale-
chemistry methods: Worley B, Allan A (2022) Pleasing 
precipitation performances – the microscale way.  
Science in School 57.

	⦁ Try a classroom activity to extract essential oils from 
fragrant plants: Allan A, Worley B, Owen M (2018) 
Perfumes with a pop: aroma chemistry with essential oils. 
Science in School 44: 40–46.

	⦁ Learn how the hydrogen economy might work in practice: 
Mitov M, Hubenova Y (2014) A classroom hydrogen econo-
my. Science in School 30: 31–35.

	⦁ Learn how to make indicators from butterfly tea: Prolongo 
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M, Pinto G (2021) Tea-time chemistry. Science in School 52.

	⦁ Try some engaging experiments with bioluminescence 
that integrate biology, chemistry, and engineering: We-
gner C, Hammann M, Zehne C (2021) Bioluminescence: 
combining biology, chemistry, and bionics.  
Science in School 53.
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