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Purpose


In chemistry, we recently studied the properties and changes of matter. One kind of property, intensive, does not depend on the amount of matter present. The other, extensive, does depend on the amount of given matter. The objective of this lab was to classify the characteristic of density as either an intrinsic (intensive) property or an extrinsic (extensive) property. 
Hypothesis


If you are given samples of the same metal with varying volumes, then the mass of each sample can be calculated, and the ratio between these two variables will be equal; proving that density is an intrinsic property.
Materials 


The following materials are necessary for the completion of this lab:

· Graduated Cylinder
· 30mL of Tap Water

· Electronic Balance

· 8mL Copper Block

· 6.5mL Copper Cylinder

· 8mL Iron Block

· 6.5mL Iron Cylinder
Procedure


The ensuing steps are those which we followed in our experiment:


A) Measure Mass

1. Place the block of copper on electronic balance and record the mass in grams.

*Use the most accurate balance available.

2. Repeat step one using copper cylinder, iron block, and iron cylinder.


B) Measure Volume

1. Fill the graduated cylinder with 30mL of tap water.

2. Gently release copper block into the graduated cylinder.

3. Record the new water level (make sure to measure at the meniscus.)

4. Subtract first water level measurement (30mL) from the latest measurement. 

5. Record this calculation. It is the volume of the copper block.

6. Pour out water and remove copper.

7. Repeat steps 1-6 with each metal object.


C) Calculate Density

1. The formula for density is D=M/V.

2. Calculate the density of each metal object. 

Results

After completing the experiment, we ended up with the mass, volume and density of each metal object. These quantitative results are displayed below. 


We also observed qualitative results. For example, all of the metal objects sank in water. When the blocks of metal were placed in the graduated cylinder, the water level rose higher than when the volumes of the cylinders were measured. Additionally, the metal blocks had larger masses than the cylindrical metals. Both copper samples had similar densities as did both iron samples. The copper samples had a higher density than the iron samples.   
	Reference Letter
	Metal
	Shape
	Mass
	Volume 
	Density

	A
	Copper
	Block
	70.886g
	8mL
	8.861g/mL

	B
	Copper
	Cylinder
	56.717g
	6.5mL
	8.726g/mL

	C
	Iron
	Block
	62.606g
	8mL
	7.826g/mL

	D
	Iron
	Cylinder
	49.250g
	6.5mL
	7.577g/mL


Analysis


In order to analyze our results, we had to calculate the density of each metal object. Density is found by dividing mass by volume (D=M/V.) For example, the density of the copper cylinder is: 56.717g/6.5mL = 8.726g/mL.


To determine whether density is an intrinsic property, we must compare the densities of samples of like metals. Sample A of Copper has a density of 8.861g/mL, while the density of sample B is 8.726g/mL. There is a difference of 0.135g/mL between the measurements. On the other hand, sample C of Iron had a density of 7.826g/mL and sample D of Iron had a density of 7.577g/mL. These densities differ by 0.249g/mL.

To further analyze the data, I constructed a scatter plot displaying the mass (dependant variable) vs. the volume (independent variable) of copper and iron. I added the point (0,0) because it is reasonable in the context of the graph. A linear regression (along with the equation and r^2 value) is displayed for each metal. The slope of each line represents the density of each metal according to the three points. The r^2 value is the fraction of the variation in mass that is explained by the regression. We can use this value to display how well the line fits the data. Both graphs have an r^2 value above .999. This tells us that the correlation is very strong and of linear form.

Both regressions are good fits for the data, so we can conclude that the slopes are quite accurate in explaining the trends. Because the slope is equal to density, we can also conclude that density is an intrinsic property. No matter how much of a material is present, the density forms a linear relationship. Density is a constant ratio.


Additionally, with a little research I found that the actual density of copper is 8.92g/mL and the actual density of iron is 7.86g/mL. These numbers are close to the slopes of the linear regressions. The percent error of our copper samples is (8.92-8.82)/8.92x100 = 1.1%. The percent error of our iron samples is (7.86-7.75)/7.86x100 = 1.4%.
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Conclusion


When we calculated the mass of samples of metal with different volumes, the ratio between the two variables was approximately the same: proving that density is intrinsic. 

As you likely noticed, I described the densities as being “just about” the same. This is likely due to the fact that neither our mass nor volume measurements were perfectly accurate. This error could be corrected by using better equipment. For example, a graduated cylinder with measurements of greater precision could be useful. Incorrect measurements also account for our percent error. Additionally, our experiment only analyzed two different metals. Your results would be more dependable if you tested a wider range of materials.    
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