Sample format of laboratory written report

Simulation of Ozone Depletion Reactions in the School Laboratory
Introduction
Crucial for maintaining a favourable environment for life on Earth, stratospheric ozone (O3) protects the Earth’s surface from the Sun’s harmful ultraviolet (UV) radiation. It is maintained by striking a balance between the processes which create ozone and those which destroy it. However, due to the increasing amount of aerosols emitted, existing scientific data indicates a thinning of the ozone layer, especially in the polar regions.
In our project titled “Simulation of Ozone Depletion Reactions in the School Laboratory”, we investigated on the various factors we hypothesize to be ozone depleting, making use of a self-made ozone generator. 

Principle
Ozone, which is mostly found in the stratosphere, is an allotrope of oxygen with the molecular formula O3. In the stratosphere, ozone is formed when UV light (wavelength of < 241nm) causes an oxygen molecule to dissociate into free oxygen radicals. The oxygen radicals then combine with other oxygen molecules to form ozone according to the following reaction mechanism:
O2  +  hv  ( 2 O·

2 O·  +  2 O2  ( 2 O3

Net Reaction: 3 O2  ( 2 O3
In turn, ozone is converted back into diatomic oxygen via photodissociation when it absorbs UV radiation (wavelength of 215-295nm), provided that catalysts such as chlorine radicals are absent.

In the laboratory, the formation of ozone in the stratosphere can be simulated by passing a high-voltage and alternating electric current through a gas stream containing oxygen. 
In order to investigate ozone, our team tries to quantify the relative amount of ozone by the following two methods, which are carried out simultaneously.
a) The level of absorption of UV radiation by the UV sensormeter.

The presence of ozone is indicated by the measurement with a UV radiation sensormeter because ozone absorbs UV light when it undergoes photodissociation.
b) The colorimetry test reading after ozone reacts with potassium iodide solution.

Different amount of ozone will give different colour intensities in a potassium iodide-starch solution test, since ozone is a very strong oxidizing agent. The relative amount of ozone can be quantified by measuring the percentage of light transmittance with a colorimeter. 

Procedures

Setting up an ozone generator

The design of the setup aims at providing a suitable environment for a spark to occur so as to initiate the conversion of oxygen to ozone. The generator was set up according to the diagram shown. The spark was formed between two parallel wires inside the discharging tube.
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Setting up of the UV radiation detector
The whole set up is shown in the diagram below:
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To investigate the effect of ozone on UV radiation

1. A clean empty conical flask was covered by a petri dish and was then placed in the marked position of the overhead projector. The first UV reading was taken using the UV sensormeter.

2. Discharging of ozone was started by filling the discharge tube with oxygen and turning on the EHT supply (5kV). After 5 minutes* of discharging, ozone was collected through the collecting tube. 

3. The conical flask was covered with the petri dish and placed in the marked position of the overhead projector. The product was left for 1 minute to settle, and the UV reading was recorded.

4. The presence of ozone inside the flask was tested by adding 10mL of 0.1M potassium iodide into the flask. The colour of the reacted solution was then measured with a colorimeter, and compared with the colour intensity of plain potassium iodide solution.

To investigate the effect of different chemicals on ozone depletion

1. A certain amount of chemical** was added into a clean and empty flask. The flask was covered with a petri dish and placed in the marked position of the overhead projector. The first UV reading was recorded by the UV sensormeter.

2. Steps 1 to 5 of the above were repeated using the flask containing the chemical to be tested.

3. The whole experiment was repeated twice for each chemical to increase the accuracy.
* A period of 5 minutes is chosen for the discharge of ozone because the resulting yield of product is enough for a conspicuous result.
** Chemicals under test are listed in the results table below.

Results and calculation
All the experiments were done twice and the average percentage change in UV radiation reading was calculated by the following equation:
(Mean of Final Reading – Mean of Initial Reading) / (Mean of Initial Reading) x 100%

	Category
	Average % change in UV radiation reading (%)

	
	≧ 0%
	< 0%

	Volcanic gases
	HCl(g)
	SO2(g)

	Naturally occurring gases
	
	CO2(g) , NO2(g) 

	Hydrocarbons
	CCl4 , CH3CCl3 , HCl3 
	C4H10

	Halogens
	Cl2(g), Br2(g)
	

	Aerosol Propellants
	Air distiller, solvent cleaner, insecticide---- 

(HCFC as substitute of CFC)
	Medical use 

(HFC as substitute of CFC)


Interpretations
Based on the experimental results we have obtained, it is interpreted that those which have a positive or unchanged percentage change in UV radiation reading (HCl(g), CCl4 , CH3CCl3 , HCl3, Cl2(g), Br2(g), Air distiller, solvent cleaner, insecticide that use HCFC as a substitute of CFC) can be categorized as ozone depleting chemicals, whereas those which shows a negative percentage change in UV radiation reading (SO2(g), CO2(g), NO2(g), C4H10, Medical use aerosol propellent which use HFC as a substitute of CFC) can be categorized as ozone friendly chemicals. 


In addition to the above interpretation table, we have some interesting yet important findings. 

For naturally occurring gases, it is known that NO2 can be degraded into NO, which can deplete ozone as illustrated in the following equations:
NO2 + hv ( NO + O·

O3 + NO ( NO2 + O2
However, our data reflected that ozone is not destroyed by nitrogen dioxide (NO2). Therefore, we suggest that the NO2 in our experiment did not possess enough light intensity, thus did not have enough energy to form NO. Hence, ozone is not destroyed.

For hydrocarbons, since chlorine radicals are the main cause of ozone depletion, it is hypothesized that organic chlorine compounds will also destroy ozone. By passing ozone into organic chlorine compounds – carbon tetrachloromethane (CCl4), 1,1,1-trichloroethane (CH3CCl3) and chloroform (CHCl3), it is found that there is a no change in the UV radiation reading. Given that these substances are colourless, these results indicate that ozone is completely destroyed by these organic chlorine-containing compounds.
For halogens, there is over 20% increase in UV radiation reading when ozone is passed into chlorine gas and bromine gas, indicating that ozone is being destroyed by these two halogens. These experimental results reaffirm the free radical mechanism in which ozone is destroyed by free radicals of the halogen after photodissociation. Taking chlorine as an example,

Cl2 + hv ( 2 Cl·

Cl· + O3 ( ClO + O2
(ClO potentially react with one another to produce more free Cl and oxygen)

ClO + ClO ( 2Cl + O2
(The process repeats over and over again.)

For aerosol propellants, the results illustrate that all aerosol propellants investigated (except Yunnan Baiyao Aerosol) contain chemicals which can damage ozone, since there is an increase in UV radiation. 
Chlorofluorocarbons (CFCs), which are often found in aerosols, are known to be the major cause of the ozone depletion. While the use of CFCs has been banned decades ago, most aerosol sprays investigated claimed to be environmental friendly by using hydrochlorofluorocarbons (HCFCs), hydrofluorocarbons (HFCs) and hydrofluoroacetates as common substitutes. However, our results interestingly suggest that they still do possess certain amount of chemicals which destroy ozone and therefore, we propose that HFC will be a better alternative since it does not contain any chlorine atoms which may cause ozone destruction as illustrated in the followings: 
RCl + hv ( R + Cl·

Consequently, the chlorine free radicals react with ozone in the same way like the free radicals of halogen.
Further Investigations

In addition to the above-mentioned investigations, we have investigated on the effect of car exhaust gas on ozone. By using the same procedures, the UV radiation reading has increased from 1.06 to 1.2. This 13.2% increase indicates that car exhaust gas can destroy ozone. 
We suggest the following experiments may be done to further investigate ozone depletion reactions:

(a) The effect of different temperature (e.g. -50˚C, -25˚C, 0˚C, 25˚C, 50˚C) on ozone concentration.

(b) The effect of air pressure (e.g. simulating the air pressure of the stratosphere) on ozone concentration.

(c) The weather conditions of the four seasons can be simulated to investigate on the changes in ozone concentration.

Conclusion

According to our experimental results, we have found that volcanic gases, naturally occurring gases, hydrocarbons, halogens and aerosol propellants generally destroy the ozone layer. Some aerosol propellants, which claim to be environmental-friendly, can also cause a certain degree of damage to the ozone layer.
While naturally occurring gases were found to be non-ozone-destructive, the occurrence of volcanic gases cannot be controlled. Therefore, in order to reduce the destruction of ozone, the production and emission of hydrocarbons, halogens and aerosol particulates from aerosol propellants must be controlled and minimized. Though the degree of damage to ozone with reference to our experimental results is not very large, it should be noted that if these ozone-depleting substances are allowed to accumulate, they will eventually cause great damage to the ozone layer. 

Through the simulation of ozone depletion reactions in the school laboratory, we have come to realize the importance of the ozone layer and our duty to protect it against further depletion. Hopefully, this simulation would also be able to arouse the public awareness of protecting the ozone layer.
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