Density of a Metal

Introduction:
A physical property that is a good quantitative measure is the density of a substance. Density is the mass of a given volume of a substance. You would probably agree that a block of cement is heavier than a block of Styrofoam of the same volume. As a result, we would say that the cement is more dense than Styrofoam. We will try to identify metals A and B by calculating the density of each.

density   =   mass (grams)

           volume (mL)

Density can be measured in a very simple way. The mathematical formula for density is given above. The measurements you will need to determine density are the masses of your metals and the volumes occupied by the metals. To determine the densities of metals A and B use the following procedure. .

Procedure:

1. At this time, make the first four observations of metals A and B listed in Table 1. Record your observations in the table. Follow the remaining steps to determine the densities of metals A and B.

2. Weigh the metal sample.  Record the mass.

3. Obtain a 50mL graduated cylinder. Add 40.0mL of water to the graduate. Measure the mass of the graduate containing 40.0mL of water. Record this mass on a piece of paper.

4. Add metal A sample. All of the metal must be totally submerged. Calculate the volume of the metal in the graduate by subtracting the original volume of water (40.0mL) from the final volume reading. Record this result as the volume of metal A in Table 1.

7. Repeat steps 1 through 4 using metal B.
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Table 2 lists various common metals and their densities 

including metals A and B. Calculate the density of each metal in the space provided below. Be sure to include units with your answers. Enter the results into Table 1. Compare your calculated densities of metals A and B to the densities of the metals in Table 2. Find the metals in Table 2 whose densities most closely match those for metals A and B. Enter the identities of metals A and B in Table 3.

Using the Handbook of Chemistry and Physics ,the chart below or any other reference resource is available to you, look up metals A and B and list any other properties that are given. A copy of the handbook may be available in your lab area and/or in the school library. Enter the additional properties of these metals into Table 3.

TABLE OF DENSITY FOR SOME COMMON METALS

(computed in grams per cubic centimeter)

Aluminum…………………..2.70

Mercury……………………13.60

Brass………………………...8.40

Nickel………………………8.80

Chromium…………………..7.10

Platinum……………………21.50

Copper………………………8.63

Silver……………………….10.40

Gold…………………………19.30

Tin………………………….7.30

Iron………………………….7.80

Uranium……………………18.70

Lead…………………………11.30

Zinc…………………………6.90

Magnesium………………….1.74

Metal A: Show density calculations in space below.

Metal B: Show density calculations in space below.
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Problem:  A block of metal has the dimensions 5.0 cm X 7.0 cm X 20.0 cm, and its mass is 5.0 kg. What is the density of the metal in g/mL?

Determining the Thickness of Aluminium Foil

Introduction: In this activity you will use what you have learned about density to calculate the thickness of aluminium foil. Now you can imagine how tough this would be to do using only a ruler. Aluminium foil isn’t very thick! We will accomplish this task in an indirect way. The formulas you will use are already familiar to you. The volume of a regular object can be found using the formula V = L x W x H, where L = length, W = width, and H = height. If the object is a piece of aluminium foil, we can alter the formula to V = L x W x T, where T = thickness. Since this activity involves finding the thickness, we can solve the formula for T which gives T = V/(L x W). From this formula you can see that in order to determine the thickness, you need to know the length and width of the piece of foil, and you also need to know the volume of it.

How do you calculate the volume of a piece of aluminium foil? That’s where density becomes useful. The density (d) of aluminium is 2.70 g/1 cm3. If you measure the mass of the foil and if you know the density of the metal, then you can use the formula at right below to find the volume:
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Do you see how these two formulas can be used to derive this one?
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Once you have the volume, you can substitute that value into the formula shown at right. Measure the length and width (in cm) of the rectangular piece of foil, and substitute those values along with the volume into the formula. When you solve the formula for T, the units will cancel and leave you with centimetres. You will have calculated the thickness using the mass and density!

Procedure: Cut or obtain a square piece (about 10.0 cm x 10.0 cm) of aluminium foil. Weigh it on the laboratory balance, and measure the length and width of the piece in centimetres. Enter the data into Table 1 below. Return the foil squares to the appropriate containers. Complete the calculations, showing all work neatly in the spaces provided.
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SHOW your calculations in the spaces below. Express results to two decimal places.

Step 1. Calculation of the volume of the foil.

a. regular foil

Step 2. Calculation of the thickness of the foil.

a. regular foil

Problem . The “Miracle Thaw” is a heavily advertised sheet of “space age” metal on which you can placed frozen foods for rapid defrosting (according to the manufacturer). The Miracle Thaw is 45 cm long, 25 cm wide, and 0.50 cm thick. It has a mass of about 1519 grams. What is the “space age” metal which composes this “miracle?” (Let the consumer beware.)

Problem . A cork cube weighs 500.0 grams and has a density of 0.025 g/cm3. Calculate the length of one side of the cube in cm. Hint: the volume formula is V = s3 where s is the length of a side. You will need to take a cube root in this problem. 

Accuracy, Precision, Percentage Error and Percentage Deviation

Let’s use your data from the Aluminium thickness activity to determine your accuracy and your precision. Accuracy refers to the closeness of your result to the actual or accepted value. Precision refers to the closeness of your results to each other (if you did an experiment more than once) or to that of other lab groups who did the same experiment. It is possible to be precise without being accurate. In other words, you can get a result that is close to what others got, while still being inaccurate. This can happen if your class is using poor measuring instruments or a bad technique. However, in order to be accurate you must also be precise. In other words, if everyone in your class is getting a result which is close to the accepted value (accurate), then those results will also be close to each other (precise). Accuracy is often expressed as percentage error, while precision is often expressed as percentage deviation.

Step 1. Calculation of Error. Obtain the accepted value for the thickness of the two kinds of aluminium foil from your instructor. Calculate your error and percent error as shown below. 

Quantities enclosed in vertical bars such as: |O - A| refer to absolute value or magnitudes.

Error = |O - A| 
 O = your observed value 
  A = the accepted value 
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Be careful when you use the formula above to calculate % error. It involves subtraction, division, and multiplication. When using a calculator to solve such equations, you must do all your addition and subtraction and then get a subtotal before doing the multiplication and/or division. If you follow the rules for significant digits, you will need to round twice. List your error results below.

% error for the regular foil: __________% 


In this experiment, you should be able to achieve less than 5% error. How did you do?

__________________________________________________________________________

Review Problems

Problem 1:  A piece of nickel sheet metal has a width of 11.5 cm, a length of 4.66 cm, and a mass of 58.18 grams. What is the thickness of this sheet of nickel metal? 

Problem 2:  A student experimentally tried to determine the thickness of the metal mentioned in

problem 5. Her observed (O) result was 0.126 cm. The results from three other students were 0.130 cm, 0.114 cm, and 0.134 cm.

a. Calculate her % error. (Your answer to problem 1 can be used as the accepted (A) value.)

b. Calculate her % deviation. (You will need to calculate the mean, M, of her value and the three others.)

The Barge Problem

Introduction: With the background you have gained thus far, explain what would happen in the situation described below. You must use the concept of density in your explanation. Once you have formulated your explanation, you will design and carry out an experiment to illustrate what actually happens. Take the density of water as 1.00g/mL, and keep in mind that, in order to float, a boat must displace a volume of water equal to its own mass.

A barge is hauling metal beams through the Broadwater. While the barge is in a closed lock in the canal, all of the metal falls overboard into the water in the lock. Do you think the water level in the lock will rise, fall, or remain unchanged when the metal falls in? 

________________________ (This is your hypothesis)

Your are to design an experiment to test your hypothesis. A 100 mL beaker will be used as the barge, a 600 mL beaker about half-full of water for the lock, and pieces of lead metal for the beams. Enough metal must be used to make a difference, but not to sink the barge! 

Procedure: (write the steps you performed below in third person)

	Step
	Directions

	
	

	
	

	
	

	
	

	
	

	
	

	
	

	
	

	
	

	
	

	
	

	
	


Results: (design a table and record your results here)

Do the results support your original hypothesis? ____________ 

Whether your answer is yes or no, explain this phenomenon: 

