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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 MC 
Data Tables
Table 1.  Pure Metal
	Data
	Trial 1
	Trial 2

	Identity of Metal
	Magnesium (Mg)
	Magnesium (Mg)

	Mass of metal (g)
	0.0201 g
	0.0239g

	Uncalibrated volume of eudiometer (mL)
	N/A
	N/A

	Volume of hydrogen gas (mL)
	24.3 ml
	28.6 ml

	Height of water column (cm)
	34.4 cm
	23.4 cm

	Density of water (kg/m3)
	999.90 kg/m3
	999.90 kg/m3

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

	Pressure of water column (Pa)
	3374. 30 Pa
	2295.31 Pa

	Water Temperature ((C)
	19°C
	19°C

	Water Vapour pressure (Pa)
	2200 Pa
	2200 Pa

	Atmospheric Pressure (Torr)
	760.56 Torr
	760.56 Torr

	Pressure of Hydrogen 
	95825.33 Pa
	96904.35 Pa

	Room Temperature 
	19.6°C
	19.6°C

	Ideal Gas Constant, R 
	8.134
	8.134

	Actual Moles of Hydrogen (mol)
	9.78x10-4mol
	1.16x10-3 mol

	Theoretical moles of Hydrogen (mol)
	8.27x10-4 mol
	9.83x10-4 mol

	Percent Yield (%)
	118.25 %
	118.00%


Observations (Part 1):
Before the experiment the sample of (Mg) appeared shiny, metallic and silver in colour. The HCl was clear and had a very strong, pungent smell. During the experiment, before inverting the eudiometer you could see the HCl being diluted by the distilled water. When the eudiometer was inverted and placed over the vial containing the (Mg), the reaction began almost immediately as the HCl travelled down the tube towards the vial. The piece of Mg bubbled vigorously, releasing large bubbles of H2 gas. After approximately one minute the Mg floated to the top of the tube and completely dissolved. At this point the reaction was finished. The H2 gas was captured at the top of the eudiometer tube. 

Table 2.  Alloy
	Data
	Trial 1
	Trial 2

	Unknown Number
	2084
	2084

	Mass of alloy (g)
	0.0440 g
	0.0477 g

	Uncalibrated volume of eudiometer (mL)
	N/A
	N/A

	Volume of hydrogen gas (mL)
	22.1 ml
	24.5 ml

	Height of water column (cm)
	31.2 cm
	26.7 cm

	Density of water (kg/m3)
	999.90 kg/m3
	999.90 kg/m3

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

	Pressure of water column (Pa)
	3060.41 Pa
	2619.01 Pa

	Water Temperature ((C)
	19.5 °C
	19.7 °C

	Water Vapour pressure (kPa)
	2.20 kPa
	2.20 kPa

	Atmospheric Pressure (Torr)
	760.56 Torr
	760.56 Torr

	Pressure of Hydrogen 
	96139.25 Pa
	96580.65 Pa

	Room Temperature 
	19.6°C
	19.6°C

	Ideal Gas Constant, R 
	8.134
	8.134

	Moles of Hydrogen (mol)
	8.93x10-4 mol
	9.94x10-3 mol

	Mass of Zinc (g)
	0.0385 g
	0.0356 g

	Mass of Aluminum (g)
	5.496x10-3 g
	8.00 x 10-3 g

	Percent Zinc (%)
	87.5%
	81.81 %

	Percent Aluminum (%)
	12.50%
	18.19%

	Average Percent
	AVG Al = 15.35%
	AVG Zn = 84.65%


Observations (Part 2):
Before beginning the experiment the alloy appeared metallic, shiny and was silver in colour. The HCl was clear and had a strong pungent smell. When the experiment began, the eudiometer was inverted and placed over the vial containing the alloy. The HCl could be seen travelling down the tube (through the distilled water) towards the vial. When the HCl reached the alloy, the reaction slowly began. As time went on H2 bubbles continued to form and travel to the top of the eudiometer. After just over 11 minutes the remainder of the alloy rose to the top of the solution and dissolved. The reaction was then complete and the H2 gas was captured at the top of the eudiometer tube.

Sample Calculation :
Mg
Pure Metal

1. Uncalibrated Volume of the Eudiometer:

N/A. The eudiometer was pre-calibrated.
2. Volume of Hydrogen gas: (Trial 1)
V H2 = 24.3ml
(No calculations due to pre-calibrated eudiometer)
3. Pressure exerted by the water column: (Trial 1)
PWC (Pa) = d x g x h
PWC (Pa) = 999.9 kg/m3 x 9.81m/s2 x 0.344 m
PWC = 3374.30 Pa
4. Pressure of hydrogen gas: (Trial 1)
Note: 760.56 Torr = 101399.66 Pa      PWV = 2200 Pa (from table provided)
P H2 = PATM – PWC - PWV
P H2 = (101399.66 Pa) – (3374.30 Pa) – (2200 Pa)
P H2 = 95825.33 Pa

5. Moles of hydrogen gas (experimental): (Trial 1)
V = 24.3x10-5 m3
T= 273 °K + 19.6° C = 292.6° K
PV =nRT
(95825.33 Pa)(2.43x10-5m3) = n (8.134 Pa-m3/mol-K)(292.6 K)
(95825.33 Pa)(2.43x10-5m3) / (8.134 Pa-m3/mol-K)(292.6 K) =n
9.78 x 10-4 mol = n
There are 9.78 x 10-4 moles of H2 
6. Moles of hydrogen gas (theoretical): (Trial 1)
Mg + 2HCl ( H2 + MgCl2
0.201 g Mg x (1mol Mg/24.32 g/mol) = 8.27x10-4  mol Mg 
Mol H2 = (8.27x10-4 ) x (1 mol H2 / 1 mol Mg)
Mol H2 = 8.27x10-4 moles
7. Percentage Purity of metal:

	Trial 1
	Trial 2

	( Nexperimental/ Ntheoretical ) = % purity

(9.78x10-4 mol/8.27x10-4 mol) x100 =% purity

118.25% = % purity
	( Nexperimental/ Ntheoretical ) = % purity

(1.16x10-3 mol/9.83x10-4 mol) x100 =% purity

118.00% = % purity




8.
Average Percent Purity:

AVG % purity = (%Trial 1 + %Trial 2) / 2
AVG % purity = (18.25% + 118.00 %) /2
AVG % purity = 118.125%
Sample Calculation :
2084
Alloy

1. Pressure of water column and hydrogen gas: (Trial 1)
PWV = 2200 Pa (from table provided)
	Pressure Water Column (Pa)
	Pressure H2 gas (Pa)

	PWC = d x g x h

PWC = 999.9 kgm3 x 9.81 ms2 x 0.312 m
PWX = 3060.41 Pa
	P H2 = PATM – PWC - PWV

P H2 = (101399.66 Pa) – (3060.41 Pa) – (2200 Pa) 
 P H2 = 96139.25 Pa


2. Moles of hydrogen gas: (Trial 1)
PV =nRT
(96139.25 Pa)(2.21x10-5 m3) = n (8.134 pa-m3/mol-K)(292.6 K)
(96139.25 Pa)(2.43x10-5 m3) / (8.134 pa-m3/mol-K)(292.6 K) =n
8.93x10-4  mol = n
Therefore there were 8.93x10-4 moles of H2
3. Masses of Zinc and Aluminum in the alloy: (Trial 1)
Zn + 2HCl ( ZnCl2 + H2




m alloy = mzn + mAl
Al + 3HCl ( AlCl3 + 3/2 H2 



mzn = malloy - mAl








Mzn = 0.0440g - mAl
n H2 total = n H2 in Zn + n H2 in Al
n H2 total = nZn + 3/2nAl
n H2 total = mzn/M Zn + 3/2(mAl/M Al)
[(8.83x10-4 mol) = ((0.044 – mAl )/ 65.41 g/mol) + (3/2 (mAl /53.96 g/mol)] x 3529.52
3.152 mol = (0.044 x 53.96) – 53.96 mAl + 3mAl (65.41)
3.152 mol = 2.37 + 142. 27 mAl
5.496x10-3 g = mAl
mZn = mtotal - mAl
mZn = 0.0440g - 5.496x10-3 g
mZn = 0.0385g 
Therefore the mass of Al in the alloy is 5.496x10-3 g, and the mass of Zn in the alloy is 0.0385g. 
4. Percent composition of the alloy: (Trial 1)
% Composition = melement / malloy
m % Al = (5.496x10-3 g) / 0.0440 g
m % Al = 12.50%
m % Zn = 100% – 12.50% 
m % Zn = 87.5 %
5. Average Percent composition of the alloy (average of zinc values and average of aluminum values):
AVG composition = (% Trial 1 + % Trial 2) / 2
	AVG Zn
	AVG Al

	AVGZn = (87.5 + 81.81) / 2

AVGZn = 84.65%
	AVGAl  = (12.50 + 18.19) / 2
AVGAl = 15.35%


Discussion: (within space provided)

The first part of this experiment was done to calculate the percent purity of a sample of Mg. The results produced an average percent purity of 118%. This is an invalid result as it is impossible to get a purity greater than 100%. This was due to errors and a lack of accuracy in measurements during experiment 1. Although three trials were attempted, errors were still made. Firstly, while flipping the eudiometer there air bubbles were created. This could explain for the significant amount of gas at the top of the eudiometer when the experiment was finished, further this gas wasn’t all a result of the H2 gas being released during the reactions. Thus the H2 gas was overrepresented. A second error can be found regarding the large differences in water column height in experiment 1 could be explained by the diluted water and HCl mixture spilling out of the eudiometer during the flipping process. Also, the ruler utilized to measure water column height was difficult to use because it was too short, and inaccurate. In turn, inaccurate water column heights affected the accuracy of the water column pressure. Thus, affecting the accuracy of the pressure of H2 gas, which affects the moles of H2. Overall it lead there to be an overrepresentation of moles of H2 gas. This can explain why the % purity is over 100. All in all, the % purity values are invalid because of problems when flipping the eudiometer, and inaccuracy when measuring the water column height. 
The goal for experiment 2 was to calculate the %Zn and %Al within an alloy sample using two trials. By calculating the pressure of H2 and then the moles of H2, the moles of Zn and Al could be found by using mole-to-mole ratios from the balanced equations. Similar results were derived from trial 1 and 2; Zn (trial 1: 87.5%, trial 2: 81.81%), and Al (trial 1: 12.5%, trial 2: 18.19%). With consistent data and no known errors in experiment 2 the results seem reasonable. They provide evidence that there was a much higher % of Zn than Al within the sample of alloy. 
Conclusion:  (no more than two lines)
To conclude, the average % purity of Mg from the sample in experiment 1 was 118%, this is a reflection of errors made.  In experiment two he average % composition of the alloy from trial 1 and 2 were 15.35% Al, and 84.65% Zn.
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