[image: A black and yellow shield with blue flowers

Description automatically generated]


Blake Auchterlonie




Isobaric Calorimitry Lab Report 
Lab partner James Cawte



University of Wales Trinity St David
L4 - Chemistry OME BEng (ACDB4011)
Dr Ewa Kazimierska










Contents
1.	Introduction	3
2.	Results	4
Heat capacity of the calorimeter	4
Specific Heat capacity of the unknown metal	5
3.	Discussion	6
4.	Conclusion	6
5.	References	7
6.	Appendix	8
Equipment	8
Method 1- Measure the heat capacity of the calorimeter	8
Method - Measure the specific heat capacity of a metal	8



1. [bookmark: _Toc167284112]Introduction

The lab was carried out in order to find the specific heat capacity of a metal cylinder via isobaric calorimetry. To accomplish these two experiments were carried out, the first to calculate the heat capacity of the coffee cup calorimeter. Secondly, the specific heat capacity of the metal was found using the calibrated coffee cup calorimeter. 

The hypothesis of the experiment is weather it is possible to find the heat capacity of an unknown object via isobaric calorimetry using simple equipment such as a coffee cup. In this experiment the independent variable is liquid inside the calorimeter, in this case water. The independent variable is the second substance added to the experiment that undergoes heat loss, hot water in the first experiment and the metal object in the second. The dependant variables will be the heat change in the system. The control variable is the coffee cup calorimeter itself.  

The following equation shows the relationship between the heat change of an object and its heat capacity:
(Eq.1)

= The heat change in joules (J)
 = the mass of the system in grams (g)
 = the specific heat capacity of the object in joules per gram per degree (Jg-1°C-1)
= The change in temperature in Celsius (°C)


Due to the first law of thermodynamics the heat host by the metal object will not be lost. As the syndrome cups make good adiabatic walls the assumption can be made that the system is isolated. As such all of the lost heat can be assumed to be absorbed by the water and calorimeter. The following equation shows this relationship: 

(Eq.2)

-Q metal = Q Water + Q Calorimeter
-Q metal = The loss of heat energy by the metal object (J)
Q Water = The heat energy gained by the water (J)
Q Calorimeter = The heat energy gained by the Calorimeter (J)

Finaly, the previous two equations Eq.1 and Eq.2 can be combined into a single equation to determine the specific heat capacity of a metal (cp). The remainder of the variables measured experimentally apart from the specific heat capacity of water which is a known constant (4.186 J/(goC)).

	(Eq.3)

cp metal =  (mwater   cp water  ΔTwater  +  HCcalorimeter  ΔTcalorimeter)/ (mmetal  ΔTmetal)
HCcalorimeter = The heat capacity of the calorimeter (J0C-1)
cp water = The specific heat capacity of water (Jg-1 0C-1)
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[bookmark: _Toc167284114]Heat capacity of the calorimeter 
The following results were observed when measuring the heat capacity of the calorimeter (HCcalorimeter):

	Hot water values
	
	
	Cold water Values
	

	T Start
	60oC
	
	T Start
	23 oC

	T End
	40 oC
	
	T End
	40 oC

	T
	20 oC
	
	T
	17 oC

	Mass 
	50g
	
	Mass
	50g



	
	
To calculate QCold-water we can use Eq.1:

Q Cold-waterm Cold-water T Cold water
M Cold-water  = 50g
cp = 4.186 J/(goC)
TCold water = 17oC

Therefor the QCold-water will be:

Q Cold-water = 50g  4.186 J/(goC)  17oC
Q Cold-water = 3558.1J

To calculate QHot-water we can also use the same equation, substituting the values for the hot water:


Q Hot-water = 50g  4.186 J/(goC)  20oC
Q Cold-water = 4186J

According to the Eq.2, the first law of thermos dynamics, we can find the heat lose to the calorimeter:

-(Q Hot-Water) = Q Cold + Q Calorimeter 
Q Calorimeter  = 4186J - 3558.1J
Q Calorimeter  = 627.9J

Finaly, rearranging Eq.1 we can find the value for HC Calorimeter:

Q Calorimeter = HC Calorimeter  T Calorimeter
 HC Calorimeter = Q Calorimeter / T Calorimeter
HC Calorimeter = 627.9J/17 oC
HC Calorimeter = 36.94J oC-1

[bookmark: _Toc167284115]Specific Heat capacity of the unknown metal

	Hot metal values
	
	
	Cold water Values
	

	T Start
	90oC
	
	T Start
	23 oC

	T Max
	30 oC
	
	T Max
	30 oC

	T
	60 oC
	
	T
	7 oC

	Mass 
	18.6g
	
	Mass
	30g



In order to find the specific heat capacity for the aluminium object we can use Eq.3, using the measured quantities during the experiment and the value for HC Calorimeter found in the previous experiment. After the heat exchange had concluded the maximum temperature of the water inside the calorimeter was found to be 30oC.

cp metal =  (mwater   cp water  ΔTwater  +  HCcalorimeter  ΔTcalorimeter)/ (mmetal  ΔTmetal)
cp metal =  (30g  4.186 J/(goC)  7oC + 36.94J oC-1 7oC) / (18.3g  60oC)
cp metal =  (916J) / ( 1098 goC)
cp metal =  0.84J/( goC)






3. [bookmark: _Toc167284116]Discussion

The heat capacity that was found in the second experiment was close to the true heat capacity of aluminium (0.90 J/g ° C) [1]. This shows that despite the potential for error being higher using coffee cup calorimetry compared to a different method such as bomb calorimetry [2], it is still possible to find the approximate heat capacity of objects in a quick and cost-effective method.

This is highly relevant to OME as shows that quick calorimetry in the field can be done when larger equipment is not immediately available. Bomb calorimetry would be the preferred method when working with OME materials as it uses combustion rather than heat transfer [3]. This is both more accurate to measure, but also allows smaller sample sized to be used due to the greater energy released from combustion. The downside however is that the pressure seal itself is large and takes time to be calibrated [4], especially when away from a lab.

The results for the experiment where not exactly the results expected, this could be down to the following sources of potential error:
· The manual stirring may have not been perfect and could have led to an inaccurate temperature measurement.
· The aluminium metal may have not been heated entirely to 90 oC due to the heating method and the time limit imposed by the lab.
· It was assumed that the calorimeter was heated by the same amount as the water inside, however there was little time left between the first and second experiment. This could have meant that the calorimeter had not fully returned to ambient temperature before the second experiment.


4. [bookmark: _Toc167284117]Conclusion 

The findings of the experiment supported the hypothesis, which was to identify the heat capacity of an unknown method via isobaric calorimetry using a coffee cup. To build on the experiment different types of calorimeters could be tested, different types of vessels or sealing methods for example, in order to determine which produce the most accurate results. A wider range of test objects could also be used as well to determine the suitability of the experiment when testing for alloys or nonmetals.
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· Two Styrofoam cups, one inserted in to the other
· A lit with two small holes in the top
· A wooden stirring rod
· A thermometer
· A clamp and stand
· Heat mat
· Bunson burner
· Measuring flask
· The metal object for which the heat capacity will be found
· Small beaker
· Gause 
· Tongs
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· Add 50ml of room temperature water in to the Styrofoam coffee cup and record its temperature as Y Cold-water
· Heat a separate 50ml of water over a lit Bunsen burner until the temperature reaches 80oC, afterwards remove from the heat and turn off the Bunsen burner
· Allow the hot water to cool to 60oC, record the temperature as T Hot-Water
· Add the water to the calorimeter and quickly add the lid with the thermometer and stirring device, use the stand and clamp to hold the thermometer stable
· Gently storing the stirrer, record the maximum temperature reached by the system


[bookmark: _Toc167284122]Method - Measure the specific heat capacity of a metal

· Weigh the metal object and record the mass 
· Add the metal object to a beaker and fill with water until it is fully submerged
· Heat the water until boiling and then heat the beaker for a further 5 minutes, avoiding heating the metal directly at all times
· After the metal has reached a thermal equilibrium with surrounding water record it as T hot
· Prepare the calorimeter by adding 30ml of room temperature water in to it, record this temperature as Tcold
· Quicky add the hot metal to the calorimeter using the tongs, and seal the vessel
· Record the temperature change on the thermometer every 10 seconds until it has reached thermal equilibrium and record the temperature as TMac
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