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The experimental data produced in the multiple experiments show that calorimetry is a useful technique for identifying and measuring the heat exchange of materials. The lab report shows the experiment data and the interpretation of the results concerning its OME importance of the thermal stability of explosive compositions. 


Table of Contents
Abstract	ii
List of Tables	iv
List of Equations	v
List of Abbreviations	vi
1 Introduction	7
1.1 Purpose of Experiment	7
1.2 Hypothesis	7
1.3 Variables	7
1.4 Chemical Equations	7
2 Data Analysis	10
2.1 Experimental Data	10
2.2 Key Findings	11
3 Discussion	12
3.1 Interpretation of experimental results	12
3.2 OME Applications	12
3.3 Limitations and Errors	13
4 Conclusions	14
4.1 Summary	14
4.2 Future Research	14
5 References	15
6 Appendices: Materials and Methods	16
Appendix B: Scan of Data Sheet	19


[bookmark: _Toc51833371][bookmark: _Toc290554220][bookmark: _Toc299621185][bookmark: _Toc299631413][bookmark: _Toc299631473][bookmark: _Toc299631563][bookmark: _Toc299631640][bookmark: _Toc51833372][bookmark: _Toc290554221][bookmark: _Toc299621186][bookmark: _Toc299631414][bookmark: _Toc299631474][bookmark: _Toc299631564][bookmark: _Toc299631641]

[bookmark: _Toc197031916]List of Tables
Table 1 - Entries of experimental data for experiment 1	10
Table 2 - Entries of experimental data for experiment 2	10
Table 3 - Entries of experimental data for experiment 3	10

[bookmark: _Toc51833373]
[bookmark: _Toc290554222][bookmark: _Toc299621187][bookmark: _Toc299631415][bookmark: _Toc299631475][bookmark: _Toc299631565][bookmark: _Toc299631642]

[bookmark: _Toc197031917]List of Equations
Equation 1 – Specific heat capacity	7
Equation 2 - Heat lost by hot water is gained by cold water, and the calorimeter.	8
Equation 3 - Heat capacity of calorimeter	8
Equation 4 - Combined Equ 1 and Equ 2 to show the relationship.	8
Equation 5 - General heat exchange reaction	8
Equation 6 - Molar heat of reaction	9
Equation 7 - Number of moles for the reactant	9




[bookmark: _Toc197031918]List of Abbreviations
	IT
	Information Technology

	HCI
	Hydrochloric acid 

	NaOH
	Sodium hydroxide

	PBX
	Plastic Bonded Explosive 

	H2O
	Water

	M
	Molarity
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[bookmark: _Toc192581619][bookmark: _Toc197031920]Purpose of Experiment
To measure the heat absorbed or released during a chemical or physical process. This allows scientists to determine the enthalpy change and understand the energetics of reactions. [1]
[bookmark: _Toc192581620][bookmark: _Toc197031921]Hypothesis 
There were three parts of the experiment: the measurement of the value of the heat capacity of the calorimeter, the measurement of the specific heat capacity of a metal sample, and the measurement of the molar heat reaction of HCI and NaOH. The first part of the experiment was to establish the amount of heat the apparatus absorbed, which allowed for more accurate calculations when calculating the results from experiments two and three.
[bookmark: _Toc192581621][bookmark: _Toc197031922]Variables 
The primary variables included the consistent use of Styrofoam cups from experiment one throughout all subsequent experiments to ensure accurate testing. For experiment two, the mass of the metal strips added must be the same; otherwise, it would lead to inaccurate results. 
[bookmark: _Toc197031923]Chemical Equations
[bookmark: _Toc197030238]Equation 1 – Specific heat capacity 

Q – heat exchange
M – mass
Cp – specific heat capacity
∆T – temperature change

[bookmark: _Toc197030239]Equation 2 - Heat lost by hot water is gained by cold water, and the calorimeter.

Q – heat exchange 
[bookmark: _Toc197030240]Equation 3 - Heat capacity of calorimeter

Q – heat exchange
HC – heat capacity of calorimeter
∆Tcalorimeter – change in temperature  
[bookmark: _Toc197030241]Equation 4 - Combined Equ 1 and Equ 2 to show the relationship.
)
m – mass
cp – heat capacity
∆T – change in temperature 
HC – heat capacity of calorimeter
[bookmark: _Toc197030242]Equation 5 - General heat exchange reaction

Qreaction - molar heat of reaction
Mwater - mass of water  
Cp water - specific heat capacity of water 
∆Twater – change in water temperature. 
HCcalorimeter – heat capacity of the calorimeter
∆Tcalorimeter – change of calorimeter temperature 
[bookmark: _Toc197030243]Equation 6 - Molar heat of reaction

qreaction is the molar heat of reaction per mole of limiting reactant. 
Qreaction is the molar heat of reaction.
The nreactant is the number of moles of the limiting factor.
[bookmark: _Toc197030244]Equation 7 - Number of moles for the reactant

Vreactant is the volume of the limiting factor, and Creactant is the concentration of the limiting reactant.


[bookmark: _Toc192581623][bookmark: _Toc197031924]Data Analysis
[bookmark: _Toc192581625][bookmark: _Toc197031925]Experimental Data 

[bookmark: _Toc197030257]Table 1 - Entries of experimental data for experiment one
	Thot = 64.9
	M hot water = 50
	∆Thot water = 24

	Tcold = 19.5
	M cold water = 50
	∆Tcold water = 21.4

	Tmax = 40.9
	
	∆Tcalorimeter = 2.6

	Q cold water = 4480
	Q hot water =5020
	Qcalorimeter =-544

	HCcalorimeter =209




[bookmark: _Toc197030258]Table 2 - Entries of experimental data for experiment two
	Type of metal = Aluminium

	Thot = 94.8
	mmetal = 18.6
	∆Tmetal = 64.1

	Tcold = 19.7
	mwater = 30
	∆Twater = 11.0

	Tmax = 30.7
	
	∆Tcalorimeter = 53.1

	Cp metal = 10.5




[bookmark: _Toc197030259]Table 3 - Entries of experimental data for experiment three
	Tstart = 19.9
	Tend =26.4
	

	VHCI = 50
	CHCI = 1M
	nHCI = 0.05

	VNaOH = 52
	CNaOH = 1M
	nNaOH = 0.052


The formula of the limiting reactant – qreaction x nreactant = Qreaction 
Qreaction = -3320
qreaction = 66400
[bookmark: _Toc197031926]Key Findings

The experiment data recorded while completing the experiment showed that there were limitations to this basic ‘wet bench’ calorimetry experiment, as accurate results were extremely hard to achieve. However, precise results were achieved due to the number of repeats during experiments 2 and 3. The primary findings are concise in correctly identifying the metal used in experiment two. To identify the metal used, equation 3 is used to calculate the specific heat capacity and match it to online sources to find out which metal was used. In experiment three, the purpose was to calculate the molar heat of the reaction. To achieve this result, equations 6 and 7 were used as the limiting factor; HCI was able to fully react in the neutralisation reaction. The complete exothermic reaction was able to be measured to calculate the heat exchange of the reaction. To calculate the molar heat of the reaction, a known concentration and volume of HCI to calculate the number of moles.


[bookmark: _Toc192581624][bookmark: _Toc197031927]Discussion
[bookmark: _Toc197031928]Interpretation of experimental results
The experimental data produced showed that a simple wet bench calorimeter can be used to measure and calculate the heat exchange of different chemical reactions. The data produced from experiment one allowed the calculation of the heat capacity of the calorimeter. The significance of the experiment allowed future experiments to have more accurate results, because it was a variable which the other experiments would have to consider. The second experiment shows that materials can be identified by their specific heat capacity. In the experiment, the heat capacity is calculated to identify aluminium as a type of metal. The ability to identify materials by their specific heat capacity shows that useful information can be obtained via calorimetry experiments. The final experiment was used to show the molar heat exchange, which was calculated by using equation 6. Equation 6 outlines the overall heat exchange of the reaction and the molar heat exchange with the number of moles of the limiting material. These experiments show the importance of calorimetry experiments for identifying materials and the heat exchange per mole of material.

[bookmark: _Toc192581626][bookmark: _Toc197031929]OME Applications 
Calorimetry can be used to show the thermal stability of explosive materials. This is particularly important as the sensitivity of the material affects the storage and use of the material. In the referenced journal article, graphite oxide shows good potential as an energy storage material in composite filler applications. [2]. The key data obtained from the research show that GO had the potential to undergo explosive decomposition, which was measured using calorimetry. The ‘bomb’ calorimetry was able to record and show that the temperature and pressure generation are on the order of 1000s of °C per minute and 1000s psi per minute, respectively, for less than a gram of material. [2]. This calorimetry experiment was then able to use the experimental data to compare the thermal stability of GO to different explosive materials, and to show that there was a necessity for EMTAP testing on all commercial uses of GO. These calorimetry experiments played a vital role in the understanding of thermal stability in explosive materials and the dangers of bulk GO during storage and processing of the material.
[bookmark: _Toc192581627][bookmark: _Toc197031930]Limitations and Errors 

Some of the major limitations of the wet bench calorimetry experiment are the inaccurate measurements of initial and final temperature. When heating the metal, there was no option of a water bath, which could be set to a certain temperature to guarantee accurate results, which led to more inaccurate experimental data. In experiment one, only running the test once meant more inaccurate and unreliable results, affecting the future experiments.



[bookmark: _Toc290554239][bookmark: _Toc299621204][bookmark: _Toc299631429][bookmark: _Toc299631491][bookmark: _Toc299631581][bookmark: _Toc299631657][bookmark: _Toc192581628][bookmark: _Toc197031931]Conclusions
[bookmark: _Toc192581629][bookmark: _Toc197031932]Summary
To conclude, the experimental data produced was up to a standard which was deemed usable by the technician, so the results produced show that the main objectives were achieved. To further show the success of the experiments, the heat capacity of the metal identified can be matched to online sources.
[bookmark: _Toc197031933]Future Research
To further future research and improve the experiment, multiple water baths are set at certain temperatures to ensure accurate readings and calculate the experimental data produced. Another improvement is to the calorimetry itself; the use of Styrofoam cups is not the best insulator. To help improve the Styrofoam cups, more cups could be used to help keep the calorimeter insulated.
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Lab tools and supplies
Chemicals
· 1M NaOH
· 1M HCI
Equipment
· Two stacked Styrofoam coffee cups
· Lid
· Thermometer
· Stirring rod
· A stand and clamp 

Procedure
Procedure to measure the HC calorimeter:
(1.1) Add 50.0 ml of water to the Styrofoam coffee cups and close with a lid. Add the thermometer and stirring rod to set up your calorimeter.
(1.2) Take 50.0 ml of water in a separate beaker and heat to about eighty °C. Close the gas and wait till the temperature reaches 60 °C. When the "hot water" is ready, record its temperature as Thot.
(1.3) Measure the temperature of the water in the calorimeter and record it as Tcold.
(1.4) Add the hot water to the water in the calorimeter, and mix thoroughly, while watching the thermometer. Record the maximum equilibrium temperature of the mixture, record it as Tmax.
(1.5) Calculate the heat capacity of the calorimeter, HCcalorimeter, using Eq. 1, Eq.5, and Eq.6:
- Qhot-water = Qcold-water Qcalorimeter					(Eq.5) 
 Qcalorimeter =  HCcalorimeter  ΔTcalorimeter				 (Eq.6)
where Qhot-water is the heat lost by the hot water, while QCold-water and Qcalorimeter are the amounts of heat gained by the cold water and calorimeter, respectively. Calculate Qhot-water and Qcold-water with Eq.1, then use Eq. 5 to find Qcalorimeter, and finally Eq.6 to obtain the value of heat capacity of the calorimeter, HCcalorimeter. 
Note: The mass (m) and temperature change (ΔT) for both the hot and cold water can be obtained from the experimental data, also the ΔT of the calorimeter can be found from the same data. For example, ΔTcold-water = Tmax – Tcold. Assume that the calorimeter is in thermal equilibrium with the water during the experiment. The specific heat capacity of water is cp water = 4.186 J/(goC). Always specify the units of the results obtained from your calculations.

Procedure to measure CP metal: 
Use the same apparatus as before (Figure 2).
(2.1) Obtain a piece of the metal sample. Weigh the metal and record its mass as mmetal.
(2.2) Set up a water bath, heat the water until boiling, and then carefully put your metal into it. Keep boiling for another 5 minutes, to allow the metal to reach the same temperature as the water. Try to avoid heating the metal directly! To reduce the effect of direct heating, close the gas after 5 minutes and wait 2 minutes for the temperaturethe  of boiling wathe ter and piece of metal to equilibrate. 
(2.3) While this is being done, measure 30.0 ml of water and add it to the calorimeter. Measure the temperature of the water in the calorimeter, as done previously, and record it as Tcold.
(2.4) Once the metal has reached "thermal equilibrium" with the boiling water, measure and record the temperature of the hot water as Thot and quickly add the metal to the water in the calorimeter using the tongs.
(2.5) Stir the water and record the temperature every 10 seconds, filling in the datasheet provided at the end of this script with the entries (time, Twater). The temperature will increase at the start. Continue until the temperature of the water has reached a maximum and then cooled down by about 2 oC. Record the maximum temperature reached by the water as Tmax.
(2.6) Calculate cp metal the specific heat of the metal using Eq.3 and the value of heat capacity of the calorimeter found previously. Assume that the calorimeter and water are in thermal equilibrium, cp water = 4.186 J/(goC), and always give the units of the results of your calculations.

Procedure to measure reaction:

(3.1) Place 52.0 ml of 1.0 M Naoh into the calorimeter and pour 50.0 ml of 1.0 M HCl into a beaker.
(3.2) Place the two side-by-side until they attain the same temperature. Record this value as 𝑇start.
(3.3) Add the HCl quickly to the calorimeter and record the temperature when it reaches a maximum as 𝑇end.
(3.4) Calculate Qreaction, the heat of reaction, using Eq.4 and the heat capacity of the calorimeter found previously. Again, assume that the calorimeter and water are in thermal equilibrium, cp water = 4.186 J/(g°C), and always give the units of the results of the calculations.
(3.5) Calculate 𝑞reaction, the molar heat of reaction, as the heat of reaction per mole of the limiting reactant, i.e.:
	
Where the number of moles of reactant is n reactant = V reactant x C reactant, where V reactant is the volume of the limiting reactant and C reactant is the concentration of the limiting reactant. 
[bookmark: _Toc197031936]
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