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Density Determination of Aluminum and Copper by Two Different Methods

Abstract: We determined the densities of aluminum and copper by two different methods: Geometry and Displacement. Upon comparison of the density values and their associated uncertainties/errors obtained for each method with the known/published density values of copper and aluminum, we conclude that among the two methods we deployed, the geometry method provides the best data in terms of accuracy and reliability. The density of aluminum, for example, was found to be 2.69±0.09 g/cm3 and 2.43±0.18 g/cm3 by the geometry and displacement method, respectively. The published value for the density of aluminum is 2.70 g/cm3, indicating that the value we obtained with the geometry method is reliable within the margin of experimental errors. Our values for the density for copper are: 8.88±0.08 and 8. 66± 0.23 g/cm3. The first of these obtained by Geometry method is comparable with the published value of 8.92 g/cm3 for copper. Density value yielded by the Displacement method is less reliable. We conclude that the Geometry method provide relatively precise and accurate data. The method also has an additional advantage over the displacement method, namely it is non-destructive, which makes it highly useful when the integrity of samples must be preserved. It must be, however, pointed out that this method is not without limitations: it may be used only when samples of substances, for which density values are needed, are in geometrical shapes. The Displacement method does indeed have two advantages when highly accurate data are not needed. It is less time consuming in that it provides a quick reading of the volume together with the uncertainty values. It is also useful for samples of any shape provided the samples’ density is more than the density of water or any other liquid used in the method.     

Apparatus: Cylindrical-shaped copper and aluminum samples, vernier calipers, analytical lab balance with uncertainty in mass of ±0.1g, graduated 50-mL glass cylinder, beaker, water, paper towels.


Procedure
Part 1: Density Determination by Geometry: This method utilizes the mathematical formula for determining volumes of solid samples having geometrical shapes, e.g., solid cylinder, square shaped object, or solid spheres. The dimensions of geometrical shaped samples may be measured conveniently by utilizing relatively high precision instruments such as digital vernier calipers or micrometers, both of which we used in this work/lab. The dimensional measurements are then used to compute volume, which in turn is used to determine density of the samples as Density (ρ) = mass (M)/volume (V).
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Figure 1:  Copper cylinder of unknown composition

We measured the diameters and lengths of solid aluminum and copper samples of cylindrical shapes as shown in Figure 1. We found their mass by weighing each cylinder on a high-precision analytical balance. We noted the uncertainty values for each of the instrument. All members of our group did separate measurements and took their own readings of the dimensions and mass for each of the samples. These data were then shared among the members. Measurements were repeated whenever large disparity was observed in the data. The data collected by our group were used to calculate the average values of mass, volume, and density as shown in the Data Table I. The raw data (data collected during the experiment) are shown on page OR are shown in appendix A. We utilized uncertainties in radius, which is only approximate as we use here the uncertainty on diameter of the each cylinder for the uncertainty on their radii, and length to compute uncertainty values in volume. Similarly, the uncertainty value of mass and volume were then propagated to obtain the same for our density of the two metals. The procedure for this work along with sample calculation is outlined under the heading: sample calculations (below each data table, we have shown sample calculations, which reflect how we reduced data and obtained the various values depicted in the therein).

Background Information: Volume of a cylinder (V) = πR2L, where R=radius and L= length of the cylinder. Thus, when R and L are known, volume is calculated by using this relationship. When mass and volume of a sample is known, its density may be obtained from the following formula:




( = M/V  - (1)

(units of density are gm/cm3 when mass and volume are measured in gm and cm3, respectively)

Published density values: Aluminum = 2.70 g/cm3

Copper     = 8.92 g/ cm3 (Serway and Jewett, 2004)

Part 2: Density Determination by Displacement: This method may be deployed to find density of a given solid sample of any shape. Briefly, volume of the sample is determined by the volume of water displaced by the given sample when it is put into water of known volume. The mass is determined by weighing the sample. Once the mass and volume is known, density is calculated from the formula shown in equation (1).

We used the same solid samples of aluminum and copper as in part 1. The mass values obtained for each sample in part 1 were used for this part of the Lab. However, the mass values are displayed again in Table II, which also gives data for volume and density along with their uncertainties (for density only).

We poured exactly 30 mL of water from a beaker into a 50-mL graduated cylinder. We read all volumes by reading the volume line corresponding exactly to the bottom of the water meniscus as shown in Figure 2. The position of water level was noted. We carefully placed each of our solid metal samples in the water as shown in Figure 2b. Our sample displaced the water volume, which equals the volume of the sample. We determined this volume by subtracting the volume of water from the reading of water level in the cylinder when the sample was immersed in the water. Again, each member of our group took independent reading of volume for the two metal samples. These data were shared and used to obtain averages shown in Table II. 
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Figure 2a: graduated glass cylinder with water               Figure 2b: Cylinder with water and solid metal cylinder sample 



cylinder sample

We propagated uncertainties in volume and mass, which are obtained from the graduated glass cylinder and electronic scale, to obtain uncertainty on our calculated density for the two metals. These values are shown in the data tables. Our experimental data together with reduced data and calculated values are shown below.

Results:  MS Excel data Sheet, which does all the calculations for you except error calculations, is embedded here. To enter data, go to Excel data table by double clicking anywhere within the following tables. To get back to these tables, get your pointer out of the Excel data table and single-click. This action will get you back into this documen




Table I: various data for the Geometry method
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* Symbol ± denotes the uncertainty values, which were calculated as outlined below.


Table II: Various data for the Displacement method
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Sample Calculations for Copper Cylinder

Geometry Method:

From Table I: Average mass, Mave = (33.9 ± 0.1) g














  R ave= (0.635 ± 0.005) cm














  L ave= (3.18 ± 0.005) cm

Upon substitution, we obtain average volume: Vave =  π (dave 2)/4 Lave  or Vave = π Rave2 Lave

Thus, averages volume of the copper cylinder (Vave) =

Calculation of uncertainty on the volume ((V)



  







     (V = ±V((R/R+(R/R= dL/L), where (R and (L denote uncertainties in the radius and length, respectively.











     (V = ± 4.02 (0.005/0.635 + 0.005/0.635 + 0.005/3.18)











     (V= ± _______ cm3 as shown in Table I (column 7)

( = M/V and upon substitution, (copper = Mave/Vave cm3
                                                                                    (copper =                      g/ cm3
Similarly, the uncertainty for the density is ((
 (Recall that ( = M/V) = ± (copper ((m/M + (V/V), where (m and (V are uncertainties in mass and volume, respectively. We know that (M = ±0.1g for all our mass readings. We have already computed the (V, and thus 

((copper = ±                        g/ cm3, which is the value shown in Table I (column 8)                 
Displacement Method:






From Table II: Average mass, Mave = (33.9 ± 0.1) g and 

average volume of the copper cylinder is, Vave = (             ± 0.25)cm3     

Therefore, the density (copper = Mave/Vave  g/ cm3
Substituting the values from Table II, we have   (copper = (                                  ) g/ cm3  =  (                             ) g/ cm3 

Uncertainty on (copper:
Discussion/Data Analysis/Interpretation:

Comparison of density values obtained from the two methods: In this section a comparison of the density values obtained by deployment of the two methods is presented. As seen in the data Tables I, the Geometry method yielded density values of            ±         g/cm3 and            ±        g/cm3                   

 for aluminum and copper, respectively. The density values yielded by the Displacement method are:   

          ±         g/cm3  for aluminum and           ±          g/cm3 for copper. Our textbook (Seway and Beichner, 2000) gives density values of  2.70 g/cm3 for aluminum and  8.92 g/cm3 for copper (table 1.5, page 9). Our values from the Geometry method compare fairly well with the published data within the margins of experimental uncertainty. For example, our density values for copper differ by 3.3%. This level of difference is considered highly reliable in any endeavor involving experimental data. The density of aluminum obtained by us differs by      % from the values quoted in Serway and Beichner (2000). Again, this difference needs not raise any cautionary flag when interpreting our data. In light of this comparison, the two metal samples seem to have been molded from pure aluminum and copper.

The Displacement method has provided us the following values for the density of the two 

metals:          ±         g/cm3 for aluminum and             ±        g/cm3 for copper. Despite their relatively large uncertainties, these data compares fairly well with those obtained from the Geometry method. However, the density data, especially
 the value for aluminum, differs by 15.3% from the published value of 2.70 g/cm3 . This difference is rather large and cannot be attributed to any human errors (we checked our lab data and calculation twice and found no errors) or the presence of any impurities in the aluminum sample (we have used the same sample in both parts of this work/lab). However, the observed difference can be reduced by using a high resolution, graduated glass cylinder (e.g. a cylinder with uncertainty of 0.10 cm3 in volume would certainly improve the volume readings). The only other explanation for this difference is that the displacement method is less accurate when compared with the Geometry method.

In light of the above discussion the Geometry method provided us relatively precise and accurate data for the both metals used. This method also has an additional advantage over the displacement method, namely it is non-destructive, which makes it highly useful when the integrity of samples must be preserved. It must be, however, pointed out that this method is not without limitations: it may be used only when samples of substances, for which density values are needed, have geometrical shapes. The Displacement method does indeed have two advantages when highly accurate data are not needed. It is less time consuming in that it provides a quick reading of the volume together with the uncertainty values. It is also useful for samples of any shape provided the samples’ density is more than the density of water or any other liquid used in the method. Further, it can be used for substances not dissolved in the liquids used for volume determination.
Conclusions: Both methods, especially the Geometry method, have provided us density data that are not suspect, indicating that the samples of aluminum and copper are manufactured from pure metals.

Our density values obtained from the Geometry method compares well with the published values. For example, the Geometry method provides a value of  2.69±0.09 g/cm3 for the density of aluminum and 8.88±0.08 g/cm3  for the density of copper. These data compare well with the published value of 2.70 g/cm3 and 8.92 g/cm3 for aluminum and copper, respectively, thereby giving credence to our data and confirming the reliability of the Geometry method. The agreement between the two data set for copper are specially worth noting as they differ by only       % .

The density data yielded for the two metals by Displacement method differ by 13.6% (copper) and 15.4% (aluminum) from the published density values. We conclude that this method is less accurate. As previously discussed Each method holds certain advantages over the other.
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Raw Data Collected in the Lab

Or anything you wish to enclose with your report as long as you tell your reader what it is.

You can have as many appendices as you wish; just name each (Appendix a, B , C  or  Appendix I, II, III, IV). If you have only one appendix, you do not need to give it a name. However, you do need to write the label/heading (appendix) as shown above. Similarly, you must label the first page of your raw data (data Recorded During the Experiment- Lab 1)

Always attach the raw data collected during the lab with your report. This and the appendixes go at the end of the report and are not considered the main body of the report. Try to draw tables for the data to be collected before you come to the lab. If you cannot make any sense of the data you collected in the lab when you do the write up, no one else could! Never ever throw away any raw data and any notes you made during the experiment. Sometimes you will need to check and recheck your data and calculations for which these data and notes will be crucial.

_1128121858.xls
Sheet1

		Sample            (material)		Reading		Mass, M         (±0.1)g		Length, L        (±0.005)cm		Diameter, d     (±0.005)cm		Average Radius, Rave = dave/2      (±0.005) cm		Average Volume      (Vave)		Density, ρ        ρ = Mave/Vave        (g/cm3)

		Aluminum		1								0.000		0.000		0.000

				2

				3

				Average:		0.0		0.000		0.000

		Copper		1								0.000		0.000		0.000

				2

				3

				Average:		0.0		0.000		0.000






_1126606426.xls
Sheet1

		Sample            (material)		Reading		Mass, M         (±0.1)g		Volume of water, Vw     (±0.25) cm3		Volume of water with immersed cylinder,      Vw+c     (±0.25) cm3		Cylinder's Average Volume,     Vave = Vw+c -Vc        (±0.25)cm3		Density, ρ        ρ = Mave/Vave        (g/cm3)

		Aluminum		1								0.00		0.000

				2

				3

				Average:		0.0		0.00		0.00

		Copper		1								0.00		0.000

				2

				3

				Average:		0.0		0.00		0.00






