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Experiment 1.

Determination of the Composition of an Alloy

Checklist:

· Raw Data Sheet written in pen, signed by TA and attached 

· Report Form typed and attached

Student’s Initials: EC
Data Tables

Table 1.  Pure Metal

	Data
	Trial 1
	Trial 2

	Identity of Metal
	Zinc
	Zinc

	Mass of metal (g)
	0.0412 g
	0.0565 g

	Uncalibrated volume of eudiometer (mL)
	0mL (eudiometer was already calibrated)
	0mL (eudiometer was already calibrated)

	Volume of hydrogen gas (mL)
	16.2mL
	19.3mL

	Height of water column (cm)
	33.9 cm 
	31.6 cm

	Density of water (kg/m3)
	1,000 kg/m3
	1,000 kg/m3

	Acceleration due to gravity (m/s2)
	9.81 m/s2
	9.81m/s2

	Pressure of water column (Pa)
	3.33 x 103 Pa
	3.10 x 103 Pa

	Water Temperature ((C)
	23.8(C
	24.0(C

	Water Vapour pressure (Pa)
	2.9800 kPa 
	2.9800 kPa

	Atmospheric Pressure (Torr)
	757.562 Torr
	757.562 Torr

	Pressure of Hydrogen 
	94.7 kPa
	94.9 kPa

	Room Temperature 
	22.0(C
	22.0(C

	Ideal Gas Constant, R 
	8.314 L*kPa/K*mol
	8.314 L*kPa/K*mol

	Actual Moles of Hydrogen (mol)
	6.25 x 10-4 mol
	7.47 x 10-4 mol

	Theoretical moles of Hydrogen (mol)
	6.30 x 10-4 mol
	8.64 x 10-4 mol

	Percent Yield (%)
	99.2%
	86.4 % 


Observations (Part 1):
The reaction started off relatively slow but gradually began to increase in speed as time went on. By the end the gas was being produced at a quick pace. Most bubbles were small (created fizz) but at a few times there were larger bubbles present. It was observed that if the eudiometer was tapped or moved, the bubbles were produced faster than normal. This reaction created hydrogen gas in a short amount of time.
Table 2.  Alloy

	Data
	Trial 1
	Trial 2

	Unknown Number
	2044
	2044

	Mass of alloy (g)
	0.0491 g
	0.0400 g

	Uncalibrated volume of eudiometer (mL)
	0 mL (eudiometer was already calibrated)
	0 mL (eudiometer was already calibrated)

	Volume of hydrogen gas (mL)
	22.9mL
	24.5mL

	Height of water column (cm)
	32.1 cm 
	33.9 cm 

	Density of water (kg/m3)
	1,000 kg/m3
	1,000kg/m3

	Acceleration due to gravity (m/s2)
	9.81m/s2
	9.81m/s2

	Pressure of water column (Pa)
	3.15 x 103 Pa
	3.33 x 103 Pa

	Water Temperature ((C)
	24.1(C
	23.8(C

	Water Vapour pressure (kPa)
	2.9800 kPa
	2.9800 kPa

	Atmospheric Pressure (Torr)
	757.562 Torr
	757.562 Torr

	Pressure of Hydrogen 
	94.9 kPa
	94.7 kPa

	Room Temperature 
	22.0(C
	22.0(C

	Ideal Gas Constant, R 
	8.314 L* kPa/ K*mol
	8.314 L*kPa/K*mol

	Moles of Hydrogen (mol)
	8.86 x 10-4 mol
	9.46 x 10-4 mol

	Mass of Zinc (g)
	0.0458 g
	0.0317 g

	Mass of Aluminum (g)
	3.35 x 10-3 g
	8.29 x 10-3 g

	Percent Zinc (%)
	93.2%
	79.3%

	Percent Aluminum (%)
	6.81%
	20.7%

	Average Percent
	Zinc: 86.3% Aluminum 13.8%
	Zinc: 86.3% Aluminum 13.8%


Observations (Part 2):
This reaction took longer to begin and was slower throughout the entire process. All of the bubbles produced were very small.  Near the end of the experiment, there was a grey-black gradient of solute that formed on the top of the hydrochloric acid.  Many of the alloy pieces travelled up the tube through the duration of the experiment. This was an overall slower process than the trials with the pure metal. 

Sample Calculation : Zinc Pure Metal
1. Uncalibrated Volume of the Eudiometer:
Trials 1 and 2:
The eudiometer was already calibrated. No calculations necessary. 
2. Volume of Hydrogen gas:
Trial 1: 

VHydrogen = 16.2mL
3. Pressure exerted by the water column:
Trial 1: 
PWater Coloum= density x gravity x height 
                     = (1000 kg/m3) (9.81 m/s2) (0.339 m)
                     = 3.33 X 103 Pa

4.  Pressure of hydrogen gas:
Trial 1:

*Conversion*

101.00 kPa (1000Pa/ 1kPa) = 101,000.00 Pa
PHydrogen= PAtmosphere – PWater (l) – PWater (g)
               = (101,000.00 Pa) – (3.33 x 103 Pa)- (2980.00 Pa)
                  =9.47 x 104 Pa

                  = 94. 7 kPa

5. Moles of hydrogen gas (experimental):

Trial 1: 
Moles= (Pressure)(Volume)/ (R) (Temperature) 

           = (94.7 kPa)(0.0162L)/ (8.314 L*kPa/K*mol)(22.0(C +273.15K)
           =6.25 x 10-4 mol
6. Moles of hydrogen gas (theoretical):

Trial 1: 
MolesTheoretical=  MassZinc/ MZinc
                        =(0.0412 g)/65.38 g/mol) 
                       = 6.30 x 10-4 mol of zinc * 1 mol of hydrogen/ 1 mol of zinc
                       = 6.30 x 10-4 mol of hydrogen

7. Percentage Purity of metal (percentage yield of hydrogen):
Trial 1: 
Percentage yield= Actual yield/ Theoretical yield * 100%

                              = 6.25 x 10-4 mol/ 6.30 x 10-4 mol * 100%

                              = 99.2%
8. Average Percent Purity:

Average Purity= % of Purity in trial 1 + % of Purity in trial 2/ 2 
                           = 99.2%+ 86.4%/2 

                         = 92.8% 

Sample Calculation : 2044 Alloy

1. Pressure of water column and hydrogen gas:

Trial 1: Pressure Water Column
PWater Coloum= density x gravity x height 

                     = (1000 kg/m3) (9.81 m/s2) (0.321 m)
                     = 3.15 x 103 Pa


Trial 1: Pressure Hydrogen Gas
*Conversion*

101.00 kPa (1000Pa/ 1kPa) = 101,000.00 Pa

PHydrogen= PAtmosphere – PWater (l) – PWater (g)

                       = (101,000.00 Pa) – (3.15 x 103 Pa) – (2980.00 Pa)

         =9.49 x 104 Pa
         = 94.9 kPa

2. Moles of hydrogen gas:

Trial 1: 
n= PV/RT

  = (94.9 kPa)(0.0229L)/ (8.314 L*kPa/K*mol)(22.0(C + 273.15 K)

  = 8.86 x 10-4 mol

3. Masses of Zinc and Aluminum in the alloy:
Mass of Aluminum in Trial 1: 
nHydrogen= mTotal/MZinc – mAluminum/MZinc +3(mAluminum)/ 2(MAluminum)
8.86x 10-4 mol  = 0.0491 g/65.38g/mol- maluminum/65.38g/mol + 3(mAluminum)/ 2(26.98g/mol)
1.35 x 10-4 mol = mAluminum/ 65.38 g/mol -3(mAluminum)/53.96g/mol

1.35 x 10-4 mol = 3(mAluminum)(65.38 g/mol)- (53.96 g/mol)(mAluminum)/ 3528 g/mol
0.475 g = 196.1 g/mol(mAluminum) – 53.96 g/mol (mAluminum)

0.475 g =142.1 g/mol (mAluminum)
mAlimunim= 3.35 x 10-3 g
Mass of Zinc in Trial 1:

MassTotal= MassAluminum + MassZinc
0.0491 g = 3.35 x 10-3 g + MassZinc
0.0491 g – 3.35 x 10-3g = MassZinc 

MassZinc= 4.58 x 10-2 g

4. Percent composition of the alloy:

 Trial 1: 
Aluminum 

Percent Composition= mAluminum/mTotal * 100%
                                                         = 3.35 x 10-3 g/ 0.0491 g *100%

                                            = 6.81%
         Zinc 

Percent Composition= mZinc/mTotal * 100%

                                           = 4.58 x 10-2 g /0.0491g *100%
                                            = 93.2%
5. Average Percent composition of the alloy (average of zinc values and average of aluminum values):

Average of Zinc 
Average Percent= % of trial 1 + %of trial 2/ 2

                              = 93.2% + 79.3% / 2 

                              =86.3 %

Average of Aluminum 

Average Percent= % of trial 1 + %of trial 2/ 2

                             = 6.81% + 20.7%
                             = 13.8 %

Discussion: (within space provided)

This experiment was conducted in order to determine the composition of an alloy. An alloy is formed when two or more elements are mixed together in order to create a new substance that is physically harder or stronger than the original elements alone (one or more of the elements are metals). To begin this experiment, the eudiometer was calibrated in order to ensure that all measurements were correct. Next, the masses of the samples (metals and alloys) were recorded and they were then combined with hydrochloric acid. The hydrogen gas released was captured and the volume of gas was measured. The theory of this experiment suggested that when an aluminum-zinc alloy was combined with a strong acid (HCl(aq)), the amount of hydrogen gas released directly corresponded to the sum of gas released by the elements individually. The mass of the metal or the alloy was critical information due to the correlation between mass and hydrogen gas released. This information allows molar ratios to be used in order to form connections between the moles of zinc or aluminum and the moles of hydrogen gas. In the pure metal trials, the percentage yields were 99.2% in trial one and 86.4% in trial two. Because the percent yield was less than 100%, it suggested that there were experimental errors made through the procedure. It is possible that the metal did not completely react or floated up the tube unseen and was not able to release its full potential of hydrogen gas with respect to its recorded mass. It was expected that there would not be a 100% yield because of experimental errors. Although the pure metal reactions occurred at a faster pace than the alloy reactions, they did not produce as much hydrogen gas in the end. There was a significant 8.3mL gap of hydrogen produced between trial one of the metal and trial 2 of the alloy. It is possible this could be due to there being two different metals within the alloy and only one in a pure metal. Lastly, in addition to differing from the pure metal trials, the alloy trials also differed from each other. Trial one and two of the alloy contained completely different masses of aluminum and zinc. The percentage of the two metals within the alloy were also very different. However, this is an expected result. The percentage composition of an alloy will change from trial to trial due to each sample containing different amounts of zinc and aluminum. It is very unlikely that any two trials will be the same when dealing with the composition of an alloy. The results of this experiment suggested that, on average, the alloy is composed of 86.3% zinc and 13.8% aluminum. 
Conclusion: (no more than two lines)
In conclusion, this lab suggested that the composition of an alloy is 13.8% Al and 86.3% Zn. Also, due to experimental errors, the pure Zn could only produce 99.2% and 86.4% yield. 
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*was told during the lab that observation sheet did not need to be signed, asked Dr. Rashmi and she said to attach them
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