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Table 1.  Pure Metal

	Data
	Trial 1
	Trial 2

	Identity of Metal
	Magnesium
	Magnesium

	Mass of metal (g)
	0.0260
	0.0260

	Uncalibrated volume of eudiometer (mL)
	Eudiometer already calibrated
	Eudiometer already calibrated


	Volume of hydrogen gas (mL)
	27.1
	26.4

	Height of water column (cm)
	25.7
	29.4

	Density of water (kg/m3)
			1000
	1000

	Acceleration due to gravity (m/s2)
	9.8
	9.8

	Pressure of water column (Pa)
	2500
	2900

	Water Temperature (C)
	23.0
	24.0

	Water Vapour pressure (Pa)
	2810
	2980

	Atmospheric Pressure (Torr)
	753.8
	753.8

	Pressure of Hydrogen (Pa)
	95, 190
	94, 620

	Room Temperature (C)
	22
	22

	Ideal Gas Constant, R 
	0.0821
	0.0821

	Actual Moles of Hydrogen (mol)
	1.05 x 10-3 mol
	1.02 x 10-3 mol

	Theoretical moles of Hydrogen (mol)
	1.65 x 10-3 mol
	1.65 x 10-3 mol

	Percent Yield (%)
	63.6 %
	61.2 %



Observations (Part 1):

When the eudiometer is first placed over the sample holder, the metal rises rapidly to the top. Bubbles and smoke/steam begin to form in the eudiometer as the reaction takes place. The magnesium starts to dissolve after some time. In the sample holder, bubbles bigger than in the eudiometer are visible. No differences were observed between trials 1 and 2.

Table 2.  Alloy

	Data
	Trial 1
	Trial 2

	Unknown Number
	2531
	2531

	Mass of alloy (g)
	0.0400
	0.0400

	Uncalibrated volume of eudiometer (mL)
	Eudiometer already calibrated
	Eudiometer already calibrated

	Volume of hydrogen gas (mL)
	15.0
	14.6

	Height of water column (cm)
	45.0
	48.7

	Density of water (kg/m3)
	1000
	1000

	Acceleration due to gravity (m/s2)
	9.8
	9.8

	Pressure of water column (Pa)
	4400
	4800

	Water Temperature (C)
	24.0
	24.0

	Water Vapour pressure (kPa)
	2.98
	2.98

	Atmospheric Pressure (Torr)
	753.8
	753.8

	Pressure of Hydrogen 
	93, 120
	92, 720

	Room Temperature 
	22
	22

	Ideal Gas Constant, R 
	8.314
	8.314

	Moles of Hydrogen (mol)
	5.70 x 10-4 
	5.52 x 10-4 

	Mass of Zinc (g)
	0.0410 

	0.0415

	Mass of Aluminum (g)
	- 1.04 x 10-3 
	-1.48 x 10-3

	Percent Zinc (%)
	103
	104

	Percent Aluminum (%)
	-2.60
	-3.70

	Average Percent
	Zinc: 103.5
	Al: -3.15



Observations (Part 2):

At the top of the eudiometer, and at the bottom in the sample holder where the metal was placed, fizzing and white bubbles can be seen. The gas bubbles are seen rising to the top. Rapid movement is visible throughout the eudiometer while the reaction is taking place. On the surface of the water in the eudiometer, a grey/metal like residue begins to form. Throughout the eudiometer, small bubbles can be seen. The dark residue that had formed on top, gives a smoke like appearance. No differences were observed between trials 1 and 2.

Sample Calculation :	Trial 1	Pure Metal

1. Uncalibrated Volume of the Eudiometer:

The eudiometer was already calibrated.


2. Volume of Hydrogen gas:

Convert volume of gas from mL to L.

27.1 mL/1000 = 0.0271 L


3. Pressure exerted by the water column:

Convert height of water column from cm to m.

h = 25.7 cm/100 = 0.257 m				

Solve for pressure of water column using p = dgh.

p = dgh						
p = (1000 kg/m3)(9.8 m/s2)(0.257 m)	 
p = 2500 Pa


4. Pressure of hydrogen gas:

Solve for pressure of hydrogen gas using equation listed below.

phydrogen = patmospheric – pwater column – pwater vapour
phydrogen = 100, 500 Pa – 2500 Pa – 2810 Pa
phydrogen = 95, 190 Pa


5. Moles of hydrogen gas (experimental):

Convert relevant values to correct units.

conversions

p = 95, 190 Pa/1000 = 95.19 kPa
V = 27.1 mL/1000 = 0.0271 L
T = 22C + 273 = 295 K

Calculate the moles of hydrogen gas using Ideal Gas Law.

calculations

pV= nRT
(95.19 kPa)(0.0271 L) = n (8.314 L.kPa/mol.K)(295 K)
n = 1.05 x 10-3 mol


6. Moles of hydrogen gas (theoretical):

Calculate the moles of hydrogen gas using stoichiometry.

     Mg(s)      +     2HCl(l)          MgCl2(aq)     +     H2(g)
(0.0400 g)                                                        ?

0.0400 g Mg x (1 mol Mg/ 24.305 g Mg) = 1.65 x 10-3 mol Mg

1.65 x 10-3 mol Mg x (1 mol H2/ 1 mol Mg) = 1.65 x 10-3 mol H2


7. Percentage Purity of metal (percentage yield of hydrogen):

Calculate percentage of purity using equation below.

percentage yield = (experimental moles of H2/ theoretical moles of H2) x 100%
percentage yield = (1.05 x 10-3 mol/1.65 x 10-3 mol H2) x 100%
percentage yield = 63.6 %


8. Average Percent Purity:

Calculate average percentage of purity by adding both percentage values and dividing by 2.

average percent purity = (percentage yield Trial 1 + percentage yield Trial 2) /2
average percent purity = (63.6% + 61.8%) /2
average percent purity = 62.7%


Sample Calculation:	Trial 1	Alloy


1. Pressure of water column and hydrogen gas:

pressure of water column 

Convert height of water column from cm to m.

h = 45.0 cm/100 = 0.450 m

Solve for pressure of water column using p = dgh.

p = dgh						
p = (1000 kg/m3)(9.8 m/s2)(0.450 m)	 
p = 4410 Pa

pressure of hydrogen gas

Solve for pressure of hydrogen gas using equation listed below.

phydrogen = patmospheric – pwater column – pwater vapour
phydrogen = 100, 500 Pa – 4410 Pa – 2980 Pa
phydrogen = 93, 110 Pa


2. Moles of hydrogen gas:

conversions:

Convert relevant values to correct units.

p = 93, 120 Pa/1000 = 93.12 kPa
V = 15.0 mL/1000 = 0.0150 L
T = 22C + 273 = 295 K

calculations:

Calculate the moles of hydrogen gas using Ideal Gas Law.

pV= nRT
(93.12 kPa)(0.0150 L) = n (8.314 L.kPa/mol.K)(295K)
n = 5.70 x 10-4 mol


3. Masses of Zinc and Aluminum in the alloy:

Zn(s) + 2 HCl(aq)  ZnCl2 (aq) + H2 (g)	Al(s)+ 3 HCl(aq)  AlCl3(aq) + 3/2 H2 (g)

nH2 = nzn + 3/2 nAl
nH2 = (mzn/MMZn) + 3/2(mAl/MMAl)

malloy = mzn + mAl
mzn = malloy – mAl

nH2 = (malloy – mAl/MMZn) + 3/2 (mAl/MMAl)
nH2 = (malloy /MMZn) – (mAl/MMZn) + 3/2(mAl/MMAl)

5.70x10-4 mol = (0.0400g/65.38 g/mol) – (mAl/65.38) + 3/2(mAl/26.98 g/mol)
- 4.18 x 10-5 mol = – (mAl/65.38) + 3/2(mAl/26.98 g/mol)
- 4.18 x 10-5 mol = 142.18 mAl/3527.9 g/mol

mAl = - 1.04 x 10-3 g

malloy = mzn + mAl
0.0400 g = mzn + - 1.04 x 10-3 g
mzn = 0.0410 g

*NOTE: masses are not accurate because aluminum can not have a negative mass nor can zinc have a mass greater than the total mass of the alloy; this occurred likely due to human errors while measuring however, calculation process should be correct


4. Percent composition of the alloy:

mass % Zn = mZn/malloy x 100%
mass % Zn = 0.0410 g/0.0400 g x 100%
mass % Zn = 103 %

mass % Al = mAl/malloy
mass % Al = -1.04 x 10-3 g/0.0400 x 100%
mass % Al = -2.60%


5. Average Percent composition of the alloy (average of zinc values and average of aluminum values):

Zinc: trial 1 + trial 2 / 2
Zinc: 103 % + 104% /2
Zinc: 103.5 %

Aluminum: trial 1 + trial 2/2
Aluminum: -2.60% + (-3.70%)/2
Aluminum: -3.15%

Discussion: (within space provided)

	In this experiment, two different metals came into contact with HCl and were observed. The reaction mostly took place in a eudiometer. It is important for the eudiometer to be calibrated so that results may be accurate. If the uncalibrated portion is not taken into account of, the volume of H2 measured will be lower than it actually is; this will then affect your calculations. For this experiment, the eudiometer given was already calibrated and therefore no additional steps were required for this portion. 
	It is important to measure the mass of metal exactly because the amount of hydrogen gas released in the experiment is directly proportional to the amount of metal that was reacted, not the volume of acid.
It is also important to make sure that no air enters the eudiometer; if this happens, the volume of the air will be added to the volume of the H2 gas which is not valid. The volume of gas collected from the eudiometer should only be of H2, not air.
If some metal floats up and sticks to the eudiometer or does not react, the results will be affected. If this were to happen, it would mean that not 100% of the metal reacted with the HCl which is what was intended to happen. Therefore, while doing calculations, the mass of the metal would be lower than what was initially written. In some cases, it is possible to get a percent yield greater than 100%, of 100% or less than 100%. If the percentage is greater than 100%, it is likely due to impurities; the metal might still be wet with the solution before being measured which would add more weight to the metal resulting in a greater percent yield. If the percentage purity of the metal is less than 100%, it is most likely due to human errors such as dropping some of the sample or spilling parts of the product which would cause inaccurate results. It is also possible to get 100% percent yield if the experiment is carried out carefully and without errors. 
	The experiment was performed using Mg and an alloy. An alloy is a composition of two or more metals. In the case of this experiment, the alloy was made up of Zn and Al. Since the alloy is made up of two metals instead of one, it should release more hydrogen gas than magnesium. When the alloy reacts with the acid, it releases the same amount of hydrogen that each metal would release individually. Although the alloy should release the same amount of gas every trial as long as the masses are equal, it might not always be the case since one alloy might have different values of each metal than the previous trial. The mass of metal or alloy used should affect the results because the mass indicates the volume of hydrogen gas liberated. 
	Since the results did not give a percentage purity of 100%, it is likely due to errors. One of the errors during this experiment was that the alloy was too finely shredded; it was difficult to keep it inside of the sample holder and therefore mass was lost and due to this, the volume of hydrogen gas released was also decreased. Another error was also that while observing the experiment, the volume of gas would increase at different rates and so it was not always clear when the experiment had completely ended; as a result, the volume measured may have been smaller than actual which would decrease the percentage yield. Finally, the most dramatic error (see alloy question#3) was that the mass of the alloy was not precisely measured. This is caused by moving the metal around and attempting to pick it back up while adding impurities to the alloy resulting in an overly high composition percentage for zinc and an extremely low percentage for aluminum.

Conclusion:  (no more than two lines)

The percent yield of the pure metal was found to be 63.6% for trial 1 and 61.8 % for trial 2. The percent composition of the alloy #2531 was found to be 103% for zinc trial 1 and 104% for zinc trial 2 as well as -2.60% for aluminum trial 1 and -3.70% for aluminum trial 2.
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