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Experiment 1.Determination of the Composition of an Alloy
Table 1.  Pure Metal

	Data
	Trial 1
	Trial 2

	Identity of Metal
	Magnesium (Mg)
	Magnesium (Mg)

	Mass of metal (g)
	0.0270g
	0.0261g

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

	Volume of hydrogen gas (mL)
	19.5mL
	27.9mL

	Height of water column (cm)
	19.9cm
	30.0cm

	Density of water (kg/m3)
	1000 kg/m3
	1000 kg/m3

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

	Pressure of water column (Pa)
	1950.2 Pa
	2940 Pa

	Water Temperature (°C)
	19.0 °C
	18.0°C

	Water Vapour pressure (Pa)
	2200 Pa
	2060 Pa

	Atmospheric Pressure (Torr)
	758.0 mmHg
	758.0 mmHg

	Pressure of Hydrogen 
	97.1748 kPa
	96.325 kPa

	Room Temperature 
	18.9°C
	18.9°C

	Ideal Gas Constant, R 
	8.31 L.kPa/mol.K
	8.31 L.kPa/mol.K

	Actual Moles of Hydrogen (mol)
	0.0078 molH2
	0.00108molH2

	Theoretical moles of Hydrogen (mol)
	0.00111molH2

	0.00107 molH2

	Percent Yield (%)
	70.3%
	100.6%



Observations (Part 1):
· White cloudy solution
· Reaction produced gas and bubbles
Table 2.  Alloy

	Data
	Trial 1
	Trial 2

	[bookmark: h.5tmm6w4c8u4h]Unknown Number
	2295
	2295

	Mass of alloy (g)
	0.0427g
	0.0409g

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

	Volume of hydrogen gas (mL)
	25.6mL
	25.1mL

	Height of water column (cm)
	27.3cm
	23.8cm

	Density of water (kg/m3)
	1000 kg/m3
	1000 kg/m3

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

	Pressure of water column (Pa)
	2675.4Pa
	2459.8Pa


	Water Temperature (°C)
	20.0℃
	19.6°C

	Water Vapour pressure (kPa)
	2.20 kPa
	2.06 kPa

	Atmospheric Pressure (Torr)
	758.0 mmHg
	758.0 mmHg

	Pressure of Hydrogen 
	96.44966 kPa
	96.6652 kPa


	Room Temperature 
	18.9°C
	18.9°C

	Ideal Gas Constant, R 
	8.31 L.kPa/mol.K
	8.31 L.kPa/mol.K

	Moles of Hydrogen (mol)
	0.00102 molH2
	0.0010 molH2

	Mass of Zinc (g)
	0.0336g
	0.0316g

	Mass of Aluminum (g)
	0.0091g 
	0.0093g

	Percent Zinc (%)
	78.7%
	77.3%

	Percent Aluminum (%)
	21.3%
	22.77%

	Average Percent
	78%, 22.04%
	78%, 22.04%



Observations (Part 2): 
· Produced a lot of bubbles and gas
· Black cloudy solution
· Reacted more vigourously

Sample Calculations : Pure Metal
1. Pressure exerted by the water column:
1Pa=1kg/m.s2
Density of water is d= 1000 kg/m3
Acceleration due to gravity is  a= 9.8 m/s2.
Trial 1
h= 19.9cm→=0.199m
PWC= dgh
PWC= (1000kg/m3)(9.8m/s2)(0.199m)
	= 1950.2Pa
Trial 2
h= 30cm→0.30m
PWC= dgh
PWC= (1000kg/m3)(9.8m/s2)(0.3m)
	=2940 Pa

2. Pressure of hydrogen gas:
Trial 1
Pressure exerted by the water column  is PWC=1950.2Pa
Water vapour pressure is PWV =2.20 kPa = 2200 Pa *1kPa=1000Pa
Atmospheric pressure is PATM=101325 Pa
PH2= PATM-PWC-PWV
PH2= 101325 Pa-1950.2 Pa-2200 Pa 
	=97174.8 Pa → 97.1748 kPa
Trial 2
Pressure exerted by the water column is PWC=96325 Pa
                  Water vapour pressure is PWV =2.06 kPa.=2060 Pa
Atmospheric pressure is PATM=101325 Pa.
PH2= PATM-PWC-PWV
PH2= 101325 Pa-2940 Pa-2060 Pa 
	= 96325 Pa → 96.325 kPa
3. Moles of hydrogen gas (experimental):
Trial 1
VH2=0.0195 L
PH2=97.1748 kPa
R=8.31 L.kPa/mol.K 
T= 18.9 °C + 273.15 K= 291.9 K

nH2= PV 
       RT
nH2= (97.1748 kPa)(0.0195L) 
      (8.31L.kPa/mol.K)(291.9K)
nH2= 0.00078 molH2
Trial 2
VH2=0.0279 L
PH2=96.325 kPa
R=8.31 L.kPa/mol.K 
T= 18.9 °C + 273.15 K= 291.9 K

nH2= PV 
       RT
nH2= (96.325 kPa)(0.0279L) 
      (8.31L.kPa/mol.K)(291.9K)
nH2= 0.001108 molH2


4. Moles of hydrogen gas (theoretical):
Mg (s) + 2 HCl (aq) → H2(g) + MgCl2(s)
Mole to mole ratio: 1: 2 : 1 : 1
Molar mass of Magnesium is m=24.31g

Trial 1
Mass of magnesium is 0.0270g.
nMg= 0.0270g x 1 mol    
			      24.31g
   		= 0.00111 molMg
       	           Mole to mole ratio of MgCl2 to hydrogen gas is 1 : 1.
	         nH2=0.00111molMg x 1 molH2  
	                                                                               1 molMg
		=0.00111molH2
	         Trial 2
Mass of magnesium is m=0.0261g.
nMg= 0.0261g x 1 mol    
			         24.31g
   		= 0.001073632 molMg
       	          Mole to mole ratio of magnesium chloride to hydrogen gas is 1 : 1.
	         nH2=0.001073932 molMg x 1 molH2  
				                       1 molMg
		=0.001073632 molH2

5. Percentage Purity of metal:
% yield=    Actual  yield   x 100%
		         Theoretical yield
Trial 1

= 0.00078 molH2  x 100%
    0.00111molH2	

=70.3 % 
Trial 2
=  0.001108 molH2  x 100%
    0.001073632molH2	

=103.2%.

6. Average Percent Purity:
%ave= 70.3+103.2 
			2
	        =86.75 %

Sample Calculations: Alloy
1. Pressure of water column and hydrogen gas:
   
 1Pa=1kg/m.s2
Density of water is d= 1000 kg/m3
Acceleration due to gravity is  a= 9.8 m/s2.
Trial 1
h= 27.3cm→0.273m
PWC= dgh
PWC= (1000kg/m3)(9.8m/s2)(0.273m)
	=2675.4 Pa
Trial 2
h= 25.1 cm→0.251m
PWC= dgh
PWC= (1000kg/m3)(9.8m/s2)(0.251m)
	=2459.8 Pa

Trial 1
                  Water vapour pressure is 2.20 kPa (2200 Pa)
PH2= PATM-PWC-PWV
PH2= 101325 Pa-2675.4 Pa-2060 Pa 
	= 96449.66Pa → 96.44966 kPa
Trial 2
                  Water vapour pressure is 2.06 kPa (2060 Pa)
PH2= PATM-PWC-PWV
PH2= 101325 Pa-2459.8 Pa-2200 Pa 
	= 96665.2 Pa → 96.6652 kPa

2. Moles of hydrogen gas:
    Trial 1
VH2=25.6mL →0.02561 L
PH2=96.44966 kPa
R=8.31 L.kPa/mol.K
T= 18.9°C + 273.15 K= 291.9 K

nH2= PV 
       RT
nH2= (96.44966kPa)(0.02561L) 
      (8.31L.kPa/mol.K)(291.9K)
nH2= 0.00102molH2
Trial 2
VH2=25.1mL→0.0251L
PH2=96.6652 kPa
R=8.31 L.kPa/mol.K)
T= 18.9°C + 273.15 K= 290.15 K

nH2= PV 
       RT
nH2= (96.6652kPa)(0.0251L) 
      (8.31L.kPa/mol.K)(291.9K)
nH2= 0.0010 molH2

3. Masses of Zinc and Aluminum in the alloy
Trial 1
1) nH2= mZn  + 3 mAl
                 MZn      2 MAl
2)mtot alloy= mZn + mAl
3) mZn= mtot alloy-mAl
Substitute equation 3) into equation 1):
 nH2= (mtot alloy-mAl)  + 3 mAl
                        MZn                 2 MAl
1.02x10^-3 molH2= (0.0427g -mAl) + 3 mAl
                                                                          65.41g                            2(26.98g)
1.02x10^-3 molH2= (0.0427g -mAl) + 3 mAl
                                                                                    65.41g               53.96g
1.02x10^-3 molH2= 53.96(0.0427g -mAl) + 3(65.41) mAl
			                               3529.5236g/mol
1.02x10^-3 molH2= 2.304092g -53.96mAl + 196.23mAl
			                               3529.5236g/mol
1.02x10^-3(3529.5236)-2.304092= -53.96mAl + 196.23mAl
1.296022072= 142.27mAl
      142.27	    142.27		                               

mAl= 0.0091g 
plug mAl into equation 2):
mZn= mtot alloy-mAl
mZn= 0.0427g-0.0091g
      =0.0336g
Trial 2
1) nH2= mZn  + 3 mAl
                 MZn      2 MAl
2)mtot alloy= mZn + mAl
3) mZn= mtot alloy-mAl
Substitute equation 3) into equation 1):
 nH2= (mtot alloy-mAl)  + 3 mAl
                        MZn                 2 MAl
 1.0x10^-3 molH2 =(0.0409g -mAl) + 3 mAl
                                                                      65.41g             2(26.98g)
1.0x10^-3 molH2= (0.0409g -mAl) + 3 mAl
                                                                     65.41g               53.96g
1.0x10^-3 molH2= 53.96(0.0409g -mAl) + 3(65.41) mAl
			                               3529.5236
1.0x10^-3 molH2= 2.206964g -53.96mAl + 196.23mAl
			                               3529.5236
1.0x10^-3 molH2 (3529.5236)-2.206964g= -53.96mAl + 196.23mAl
1.39225596= 142.27mAl
      142.27	    142.27		                               

mAl= 0.0093g
plug mAl into equation 2):
mZn= mtot alloy-mAl
mZn= 0.0409g-0.0093g
      =0.031603875g 


  4. Percent composition of the alloy:
Trial 1
% mZn=0.0336g   x 100%
              0.0427g
=78.7%
% mAl=0.0091g  x 100%
           0.0427g
=21.3%

Trial 2
% mZn=0.0316g x 100%
            0.0409g
=77.3%
% mAl=0.0093g x 100%
            0.0409g
=22.7%


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

78.7+77.3 = 78%
       2
Average percent of Aluminum:
    
21.3+22.77 = 22.04%
         2

Disscusion:
For the pure metal sample calculations, the average percentage purity of the metal must be calculated. In order to calculate the average percentage purity, the mass of the metal that was used during this experiment must be calculated and converted into moles in order to calculate the moles of Hydrogen gas used. For this experiment, the pure metal used was Magnesium which had a percent value of 86.75%, showing that the amount of moles of magnesium that was used in the experiment was smaller than theoretical amount that must be used to completely react with HCL. However when looking at the percentage purity for trial 2 separately, the value was 103.2% which could possibly be due to an error such as having too much magnesium than what was needed to complete the experiment, In the Alloy sample calculations, the percent composition was found for both metals; Aluminum and Zinc. Unlike the pure metal sample calculations, the mass for each metal in the alloy had to be calculated using 3 different equations in order to figure out the percent composition of each metal as well as the average percent composition of both metals. The percent composition for Aluminum was a much smaller value when compared to the percent composition of Zinc in both trials and as well as for the average percent composition of both metals. This is a reasonable outcome because there were more grams of Zinc used in the reaction when compared to Aluminum used in the experiment. A larger mass tends to have larger percent composition that a metal with a smaller mass because there is more material to be reacted with and used. In each trial that was done for both pure metal and alloy in this experiment, there maybe a error in calculation or an error during the experiment that may have tampered with the measurements and values calculated in this lab. There could have been too much or too little  Magnesium or Aluminum-Zinc Alloy or HCl used in the experiment which may have altered the values measured and calculated in this lab. This could have happened due to some sort of spilling. There could have also been problems with weighing the metals correctly which could have given a incorrect measurement due to incorrect use of certain machines.
Conclusion: 
The average percentage purity value for Magnesium is 86.75% which may demonstrate that the amount of magnesium used was smaller compared to the theoretical amount needed to undergo reaction. The average percent compositions for Aluminum and Zinc are 22.04% and 78% respectively, which shows that most of the alloy was composed of Zinc and that it had a larger mass than Aluminum, affecting the percent compositions for each metal.


