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Calorimetry: Specific Heat Capacity of Copper

Abstract: The purpose of this experiment is to determine the specific heat capacity, c,  of copper using the method of a calorimeter. By measuring temperature values and masses recorded in Table 1 we were able to determine the c of copper. Using our measured values and calculations we were able to compare our data to the published value. 

After completing the experiment and calculating the specific heat of copper for all three trials, we found that our first experiment yielded 420.1 ± 90.7 (J/kg*K), while our second and third experiment yielded 380.9 ± 82.3 (J/kg*K) and 392.2 ± 80.6 (J/kg*K), respectively. Comparing each of the trials to the published value of 387 (J/kg*K), the first differs by 8.5%, second by 1.6% and the third experiment by 2.9%. These results are accurate within our calculated uncertainty value.

Apparatus: Computer, LoggerPro Software, Vernier Lab Pro, Temperature Probe, Calorimeter, Electronic Scale, Copper Shot, Hot Plate, Aluminum Boiler and Sample Container, Digital Thermometer, Ice Bucket. 

[image: image13..pict]
Procedure

Before the actual experiment took place we calibrated the temperature probe for use with Logger Pro, choosing an ice-water solution as the lower bound and a water-steam mixture as the upper bound. At this point we loaded a shot with copper and set it on a boiler. Concurrently we found the mass of our calorimeter, filled it halfway with water, once more found its mass, and then recorded its temperature. When the copper had reached a steady temperature of 98oC, we dumped it into the calorimeter and inserted the temperature probe. The hot copper and cold water, after several minutes, reached an equilibrium temperature which was recorded in our data table (Table 1). A final mass measurement was taken of the calorimeter with copper. This collected information (Data Values) was then used to find our Calculated Values.
Table 1
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Discussion

Upon collecting several mass and temperature measurements and using two published c values, we were able to find a third c value, that for copper, with the following equation: ccu*mcu*
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[image: image5.wmf]Tcal. This equation, rearranged, allows us to find c for copper: ccu = (mw*cw*
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[image: image8.wmf]Tcu). The uncertainty range for the experiments is considerably high due to the temperature difference of one degree, especially when one considers that two of our measurements, that of 
[image: image9.wmf]T for water and the calorimeter, were consistently measured to be 5oC. This means that that measurement alone had an uncertainty of ±1oC, which allows a possible error of no less than 20%. In future experiments of this caliber it would be prudent to acquire temperature readings with a more accurate instrument.


There were other sources of error to consider, such as the calorimeter itself. It was assumed in our calculations that the calorimeter was a perfect insulator, but in any non-theoretical environment perfect insulators do not exist. Therefore it can be expected that some heat was lost through the walls of the calorimeter. In a similar vein we can look at the copper used in our experiment. While in calculations we compared our values to a book value of copper, it is more than likely that our copper isn’t as pure as that which they use to establish standards. 

Sample Calculations
Determination of Uncertainty:
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Determination of specific heat (c):
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Conclusion
Overall, this experiment proves that the laws of thermodynamics hold true for a system of two bodies with different temperature and specific heat, upon contact. This also proves that energy is transferred from a hot body to a cold body when they are in thermal contact, eventually reaching equilibrium. Our data, when compared to published values and within the accuracy constraints of our equipment, justifies these thermodynamic laws in an analytical manner.
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		Table 1.

		Type of metal:		Copper

		Given Values

		CWater (J/kg*K)		4186

		Caluminum (J/kg*K)		900

										Data Values

		Trial		1						2						3

		Mass of cup and stirrer (g)		71.5		±		0.10		71.4		±		0.1		71.5		±		0.1

		Mass of water, cup, stirrer (g)		246.3		±		0.1		223.8		±		0.1		227		±		0.1

		Temperature of shot (°C)		98		±		1		98		±		1		98		±		1

		Temp. of cup and contents (°C)		24		±		1		24		±		1		24		±		1

		Equilibrium temperature (°C)		29		±		1		29		±		1		29		±		1

		Final total mass (g)		383.6		±		0.1		357.4		±		0.1		365.9		±		0.1

										Calculated Values

		Mass of water (g)		174.8		±		0.1		152.4		±		0.1		155.5		±		0.1

		Mass of shot (g)		137.3		±		0.1		133.6		±		0.1		138.9		±		0.1

		Change in temp. of shot (°C)		69		±		1		69		±		1		69		±		1

		ΔT of calorimeter cup, etc. (°C)		5		±		1		5		±		1		5		±		1

		Specific heat values 1/°C		420.1		±		77.9		380.9		±		70.6		392.2		±		69.2

						Percent Difference

		Measured vs. published		8.5						1.6						2.9
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