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Aim:

Our aim is to detect which factors affect the rate of the decomposition of
hydrogen peroxide with a fixed mass of catalyst. A catalyst is a substance,
which alters the speed, or rate of a chemical reaction but is chemically
unchanged at the end of the reaction. The two factors that we can change

are the temperature and the concentration.

We chose to vary the concentration of hydrogen peroxide. The catalyst to

speed up the reaction without affecting the result will be manganese oxide.

Prediction:

| predict that the higher the concentration of hydrogen peroxide, the faster
hydrogen peroxide and manganese oxide decomposes. Therefore the lower
the concentration of hydrogen peroxide, the lower the rate that hydrogen

peroxide and manganese oxide decompose.

The prediction we have just made has been based on the collision theory-*
Chemical reactions occur when particles of the reactant collide with enough
energy’ (John Holman page 225). If the concentration of the solution is high
then there is more chance of the particles colliding. This is because if the
concentration increases then so does the number of particles. The more
particles there are, the greater the chance of the particles colliding so

therefore that gives reason to believe that the rate of the reaction increases.

Pre-test
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During our pre-test lesson we needed to find the ideal mass of catalyst. We
began with 1g of manganese oxide, which we weighed on a top-pan balance
and added it to 100cm” of hydrogen peroxide. We used 100% concentration
because we thought that to ensure our catalyst mass was suitable we
needed to see what the most reactant experiment would be like. However,
1g of manganese oxide seemed to be too much as the amount of gas was
produced too quickly and we were unable to record any results. Next, we
used 0. 1g of manganese oxide, however this seemed to be too much as
again we were unable to record any results. Lastly we used only 0. 05g of
manganese oxide and this seemed to be the right amount. During this pre-
test we felt we were able to record results at a steady speed and we were

able to do this accurately.

Also from our pre-test lesson it became clear that to keep the experiment as
accurate as possible, we should place the manganese oxide in the conical
flask and then add the hydrogen peroxide. This is because if we add the
catalyst afterwards the reaction starts to take place and yet all the catalyst
has not yet been put in. We have decided to see how much gas has been

released in 90 seconds.

Here are our pre-test results:

Time(Secs) Test 1Volume of gas (cm”) Test 2Volume of gas (cm”)

000

51011
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1019 17

15 24 26

20 35 37

25 45 44

305051

35 58 59

40 65 66

45 72 74

507878

55 84 82

60 90 91

65 96 97

70 100 100

75

80

85

90
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Equipment

Here is a list of the equipment we will be using throughout the experiment;

§ Gas syringe

§ Top-pan balance

§ Conical flask

§ Measuring cylinder

§ Spatula

§ Goggles

§ Clamp stand

§ Stop watch

§ Hydrogen Peroxide

§ Manganese oxide

Method

1. Take out the clamp stand and place the gas syringe into the clamp at a

suitable height.

2. Measure out 100cm” of Hydrogen Peroxide into a measuring cylinder.

3. Using the top-pan balance weigh out 0. 05g of manganese oxide.
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4. Place the manganese oxide into the conical flask.

5. Pour the hydrogen peroxide into the conical flask.

6. Quickly place the bung at the top of the flask and start to record the

amount of gas produced every second.

Fair Test

To ensure that this experiment is constant we will repeat the experiment. If

the two results vary widely then it will be re-done.

Every time the experiment is done | shall only use 100cm” of

hydrogen peroxide and water in total. Also the fixed mass of catalyst will
stay the same throughout the experiment and will be accurately weighed out
every time using the top-pan balance. To ensure that all readings will be as
accurate as possible we will try to start the timer as soon as the bung is
placed at the top of the conical flask. Volume readings will be as accurate as

possible as well.

0]

BTAINING

Safety

Throughout this experiment, we are using highly reactive substances;
therefore it is useful for us to have some sort of safety knowledge about

them so we know how to handle such chemicals.
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Manganese Oxide (MnO )

- It is very harmful if it is swallowed or inhaled.

- Can be irritating to the eyes and skin.

- It is dangerous with; Aluminium and other metal powders

Powerful oxidants; Potassium chlorate

Hydrogen Peroxide (H O )

- It is corrosive and can cause burns.

- It can irritate the eyes and skin.

- It is dangerous with; Organic compounds; Ethanol, glycerol

Metals and metal oxides

As both substances are quite dangerous, for safety precautions | will be
wearing goggles to protect my eyes. | will keep all my bags under my desk
along with my stool; this is so no one is able to trip over them. Also my hair

will be tied back and my tie will be tucked into my shirt.

My results

Time(Secs) Concentration of H O and H OTotal of 100cm”

100% H O0% H O 75% H 025% H O 50% H 050% H O 25% H 075% H O 1%

H 099% H O
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Volume of gas produced(cm”)

Test 1 Test 2 Av. Test 1 Test 2 Av. Test 1 Test 2 Av. Test 1 Test 2 Av. Test 1

Test 2 Av.

0000000000O0OOCOOOO

58.69.28.97.27.17.24.54.54.52.52.62.6000

1019.320.620.015.515.715.69.29.69.44.74.34.5000

1526.129.725.724.32424.216.414.715.67.387.60.30.20.3

2032.640.636.634.233.133.718.219.118.79.19.29.21.111.

2

2548.752.150.445.74243.924.724.524.61211.912.01.51.91.

7

3056.260.558.455.649.252.428.729.529.1141514.52.52.52.

5

357172.171.662.155.758.933.934.234.116.516.916.72.62.7

2.7

4079.78280.97163.467.241.639.740.72019.519.83.233.1

4592.390.491.478.572.175.346.146.346.221.220.520.94.4

3.54.0
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5098.710099.485.776.981.350.549.850.224.524.724.65.3 3.

54. 4

55100 100 96.2 85.390.85553.554.32726.726.95.83.64.7

60 10097.198.661.566.263.92930.129.66.55.66.1

65 100 100 67 66. 5 66. 8 30. 330.6 30.56.55.86. 2

7073.272.572.932.432.832.66.96.36.6

7579.780.179.933.933.533.77.26.56.9

8083.984.284.134.234.534.47.477.2

8587.28887.634.63534.88.97.48.2

9092.59392.83535.235.197.88.4

Using the data from the previous table, | have decided to do another graph,
this time showing the rate of reaction during the first 40 seconds. To

determine the rate of reaction | have used this formula:

Concentration Rate of reaction (cm”/s)(Gas produced/ time taken)

1% H 099% H O = 3/40= 0. 08

25% H O075% H O = 19. 5/40= 0. 49

50% HO 50 % HO =40/40=1.0

75% H 025% H O = 67/40= 1. 68
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100% H O0% H O = 81/40= 2. 03

NALYSIS

On the first graph it can be seen that the volume of gas was produced at a
steady speedy throughout all 90secs. The lowest concentration of hydrogen
peroxide took longest to decompose, whereas the experiment with the

highest concentration of hydrogen peroxide took the fastest to decompose.

On the second graph, which indicates the rate of reaction, we are able to
ascertain that more or less all the experiments occurred at a steady pace.

The amount of gas released was released at an even speed.

Conclusion:

Looking back at my results | am confident in saying that my prediction was
correct, ‘ the higher the concentration of hydrogen peroxide, the faster it
takes to decompose. The lower the concentration of hydrogen peroxide, the

slower it takes to decompose.

When the concentration of hydrogen peroxide was 100%, it took 55 seconds
to produce 100cm” of gas, when the concentration was 75%, it took
65seconds too produce 100cm” of gas. When the concentration was 50% it
wasn’t able to produce 100cm” in 90 seconds, it only produced 92. 8cm” of
gas. In the fourth experiment, where the concentration of hydrogen peroxide

was 25%, it only produced 35. 1cm” of gas in 90 seconds. In the last
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experiment where the concentration was 1%, in 90 seconds it was only able

to produce 8. 4cm” of gas.

Also, you can see that our prediction was correct by looking at the first
graph, the steeper the gradient of the line; the faster it took to decompose.
Which therefore means that the shallower the gradient of the line; the slower
it took to decompose. The line which shows 100%

concentration is much more steeper than the line which shows 1%
concentration. The line is steeper at the start because there are more
reactant particles for the reaction to take place. Towards the end a straight
line seems to be evolving particularly with the experiment with 100%, 75%
and 25% concentration. This is because there are no more reactant particles

so therefore no more gas is being produced.

The rate of decomposition is increased when the concentration is increased.
This is because when the concentration is increased there are more particles
which means there is more of a chance of them colliding which therefore

means the faster a chemical reaction takes place.

VALUATION

Looking at the graphed results there appears to be a hardly any significant
anomalous results. They could be anomalous for a few reasons. The timing of
the result may not have been correct or the reading of the amount of gas

released may not have been accurate.
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Throughout the experiment there were a few flaws. Firstly, the fixed mass of
catalyst was always measured accurately; a few times people were leaning
on the table, which could have triggered the weight to be inaccurate. To
prevent this from happening, | should have made sure the table was clear
and should have perhaps checked the mass of the catalyst on another top-
pan balance. Some of the readings could have been inaccurate which would
have caused an anomalous result because hydrogen peroxide decomposes
by itself in a period of time. This may have happened during our experiment,
because whilst we were performing one experiment, the hydrogen peroxide
was waiting in a conical flask for the next experiment. During this time the
hydrogen peroxide could have decomposed. To prevent this from happening,
we should have poured the hydrogen peroxide as and when we needed it.
Also we should of used form the same bottle instead of different ones, as this

could also have triggered our results.

If we could do this experiment again, | would have tried to be more accurate
when weighing out the catalyst, timing the experiment and reading out the

readings.

Instead of changing the concentration, we could have done a weight loss.
This would involve weighing the mass of H O + O, and then weighing the
mass again about 90 seconds afterwards. By doing this experiment we could
have been able to determine whether hydrogen peroxide and a fixed mass of

catalyst would decrease or increase its weight after 90 seconds.
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