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Data Tables

Table 1. Zinc Pure Metal

	Data
	Trial 1
	Trial 2

	Identity of Metal
	Zinc
	Zinc

	Mass of Metal (g)
	0.0472
	0.0414

	Uncalibrated volume of eudiometer (mL)
	x
	x

	Volume of Hydrogen Gas (mL)
	19.1
	17.1

	Height of Water Column (cm)
	34.29
	39.2

	Density of water (kg/m3)
	1000
	1000

	Acceleration due to gravity (m/s2)
	9.8
	9.8

	Pressure of water column (Pa)
	3.4 x 103
	3.8 x 103

	Water Temperature (C)
	23.4
	23.3

	Water Vapour Pressure
	2.88
	2.85

	Atmospheric Pressure (kPa)
	100.7
	100.7

	Pressure of Hydrogen (Pa)
	94470.7
	94007

	Room Temperature (C)
	21.6
	21.6

	Ideal Gas Constant, R ()
	8.314
	8.314

	Actual Moles of Hydrogen (mol)
	7.32 x 10-4
	6.52 x 10-4

	Theoretical moles of Hydrogen (mol)
	7.22 x 10-4
	6.33 x 10-4

	Percent Yield (%)
	101
	103



Observations (Part 1):
· Small gas bubbles form, gradually becoming a more rapid reaction
· Accumulation of gas at top of eudiometer, volume of solution descends proportionally 
Table 2. Alloy
	Data
	Trial 1
	Trial 2

	Unknown Number
	2042
	2042

	Mass of alloy(g)
	0.0431
	0.0355

	Uncalibrated volume of eudiometer (mL)
	x
	x

	Volume of Hydrogen Gas (mL)
	26.5
	21.2

	Height of Water Column (cm)
	25.19
	31.13

	Density of water (kg/m3)
	1000
	1000

	Acceleration due to gravity (m/s2)
	9.8
	9.8

	Pressure of water column (Pa)
	2.5 x 103
	3.1 x 103

	Water Temperature (C)
	23.4
	23.8

	Water Vapour pressure (kPa)
	2.87
	2.94

	Atmospheric Pressure (kPa)
	100.7
	100.7

	Pressure of Hydrogen
	
	

	Room Temperature (C)
	21.6
	21.6

	Ideal Gas Constant, R ()
	8.314
	8.314

	Moles of Hydrogen (mol)
	1.02 x 10-3
	8.32 x 10-4

	Mass of Zinc (g)
	3.40 x 10-2
	3.12 x 10-2

	Mass of Aluminum (g)
	9.08 x 10-3
	4.30 x 10-3

	Percent Zinc (%)
	78.9
	87.9

	Percent Aluminum (%)
	21.1
	12.1

	Average Percent (%)
	Zn: 83.4                                        Al: 16.6    



Observations (Part 2):
· Many very small gas bubbles form rapidly but do not encompass a large volume
· Hydrogen gas accumulates slowly as bubbles ride toward top of eudiometer
· Larger bubbles start to form and float to top much more rapidly
· Alloy floats to top creating grey-black area surrounding alloy
· Alloy sticking to sides of eudiometer account for discrepancies in hydrogen gas accumulation

Sample Calculations: Zinc Pure Metal

1. Uncalibrated Volume of the Eudiometer
x
2. Volume of Hydrogen Gas 
Vhydrogen: Total volume of Eudiometer – Volume occupied by Solution

V1 = 50mL – 30.9mL = 19.1 mL	
V2= 50mL – 32.9 = 17.1mL

3. Pressure Exerted by the Water Column:

P = dgh


P1 = (1000 kg/m3)  (9.8 m/s3)  (0.3429 m)  = 3360.4 Pa = 3.4 x103 Pa
P2 = (1000 kg/m3)  (9.8 m/s2)  (0.392 m) = 3841.6 Pa = 3.8 x 103 Pa



4. Pressure of Hydrogen Gas:

Phydrogen = Patmospheric – Pwater column – Pwater vapour


Phydrogen 1 = (100700 Pa) – (3360.4 Pa) – (2868.91 Pa) = 94470.67 Pa = 94471 Pa
Phydrogen 2 = (100700 Pa) – (3841.6 Pa) – (2851.6275 Pa) = 94006.7725 Pa = 94007 Pa


5. Moles of Hydrogen Gas (Experimental)

PV = nRT	n = 


n1 =  = 7.3185 x 10-4 mol = 7.32 x 10-4 mol

n2 =  = 6.5222 x 10-4 mol = 6.52 x 10-4 mol



6. Moles of Hydrogen Gas (Theoretical)

n = 

Zn (s) + 2 H+(aq)   Zn 2+ + H2 (g)


 = 7.21823 x 10-4 mol = 7.22 x 10-4 mol

 = 6.33124 x 10-4 mol = 6.33 x 10-4 mol



7. Percentage Purity of Metal (percentage yield of hydrogen)

% Yield = 


 x 100 = 101 %

 x 100 = 103 %



8. Average Percent Purity

Average Percent Purity =  =  = 102 %

Sample Calculations: #2042 Alloy

1. Pressure of Water Column and Hydrogen Gas

P = dgh	


P1 = (1000 kg/m3)  (9.8 m/s3)  (0.2519 m) = 2468.62 Pa = 2.5 x 103 Pa  
P2 = (1000 kg/m3)  (9.8 m/s3)  (0.3113 m) = 3050.74 Pa = 3.1 x 103 Pa

Phydrogen = Patmospheric – Pwater column – Pwater vapour


Phydrogen 1 = 100700 Pa – 2468.62 Pa – 2868.9144 Pa = 95362.47 Pa = 95362.5 Pa
Phydrogen 2 = 100700 Pa – 3050.74 Pa – 2938.98 Pa = 94710.28 Pa = 94710.3 Pa


2. Moles of Hydrogen Gas (Experimental)

PV=nRT	n = 


n1 =    = 1.02498 x 10-3 mol = 1.02 x 10-3 mol
n2 =   = 8.32432 x 10-4 mol = 8.32 x 10-4 mol


3. Masses of Zinc and Aluminum in the Alloy

nH+ = nZn +  nAl 	mAlloy = mZn + mAl 	




Trial 1:        


 g  = 9.08 x 10-3 g

 = = 3.40 x 10-2 g
Trial 2: 


 
 = = 4.30 x 10-3 g
 = 3.12 x 10-2 g
4. Percent Composition of the Alloy

% Composition =   100%


Trial 1: 

% Zn =  (100%) = 78.9 %
% Al =  (100%) = 21.1 %

Trial 2: 
% Zn =  (100%) = 87.9 %
% Al =  (100%) = 12.1 %


5. Average Percent Composition of the alloy


Average mZn =  
Average mAl = 


























Discussion: Throughout this experiment, accuracy in ensured within the extent of our control. The eudiometer must be calibrated and would otherwise cause inaccurate measurements due to the amount of extra volume that is unaccounted for. It is important to measure the mass of the metal accurately because the metal is the limiting reagent. Knowing the mass of the metal allows for an accurate prediction (theoretical yield) of product. This is because once this reactant is consumed, the reaction stops. Because a percent yield of greater than 100% was obtained, it’s very likely that the results were affected by air entering the tube. The recorded volume should contain only hydrogen gas, therefore air would add extra volume. This would result in false composition of the alloy which uses a mole ratio between hydrogen and the component metals. Metal that sticks to the eudiometer and does not react will result in a decrease in the amount of hydrogen gas produced therefore the stoichiometric calculations which measure the theoretical volume when all of the reactant has been converted to product in the reaction will be innacurate. This is because the metal is the limiting reagent therefore the amount reacted is stoichiometrically proportional to the amount of product. Factors may still affect the results of this experiment that are out of our control. This is reflected in unexpected yields. A % yield > 100% can result from inaccurate readings in the instruments used, such as air entering the eudiometer or inaccurate measurements of mass. As well there are contaminants such as the air mentioned prior and products from side reactions or potentially evaporated H2O from the dissolved acid solution. A percent yield of 100% would theoretically mean that all of the reactant was directly converted to product. This is very unlikely because there is always some portion of reactant that likely unreacted or participated in side reactions. This and human error are as well probable causes for a percent yield lower than 100%. A reactant used in this experiment is an alloy. An alloy is mixture of two or more metals. They are mixed in such a way that they cannot not be separated by physical means. The purpose is often to change the chemical or physical properties of the component metals in order to increase durability or to serve other industrial purposes. A reaction in which an alloy is a reactant would proceed at a slower rate than an identical reaction with a pure metal. Alloys are made to be more stable and therefore less reactive than pure elements. As a result, they react at a slower rate. The mass of alloy used dictates the result of a reaction, and with the same measured masses similar results should be yielded. Alloys are a homogeneous solutions and should have the same fractions of component metals present in different samples. The mass used of the metal or alloy used should affect the results because the quantity of gas produced is directly proportional to the amount of metal or alloy that reacts with the hydrochloric acid. Based on stoichiometry, less metal or alloy used in the reaction should produce less hydrogen gas. Results are not as expected because of instrumental inaccuracy/flaws (air entering, other gases occupying the eudiometer), human error (in measuring masses, in taking readings), natural chemical properties (side reactions, not all reactant will convert to product). This experiment reflects current lectures where the properties of gases are being covered, including how temperature, pressure, number of moles, and volume affect how a gas will behave. This is represented by the ideal gas law. This experiment could have industrial applications in the world today. Reactions between metals/alloys and acids could be used to produce gas. As well this could be used to test the durability of an alloy to be used in certain degrading environments to choose the best method to mix said alloy or find the mixture of metals that would produce the most effective product. 

Conclusion 
To conclude this experiment, the percent composition of Aluminum and Zinc are 16.4% and 83.6% respectively.
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