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Experiment 1.

Determination of the Composition of an Alloy
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· Raw Data Sheet written in pen, signed by TA and attached 
· Report Form typed and attached
Student’s Initials  

Data Tables


Table 1.  Pure Metal

	Data
	Trial 1
	Trial 2

	Identity of Metal
	Magnesium
	Magnesium

	Mass of metal (g)
	0.0270
	0.0261

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

	Volume of hydrogen gas (mL)
	19.1
	27.9

	Height of water column (cm)
	19.9
	30.0

	Density of water (kg/m3)
	1000
	1000

	Acceleration due to gravity (m/s2)
	9.81
	9.81

	Pressure of water column (Pa)
	1952.19
	2943.1

	Water Temperature (C)
	19.0
	18.0

	Water Vapour pressure (Pa)
	2200
	2060

	Atmospheric Pressure (Torr)
	762.0627
	762.0627

	Pressure of Hydrogen 
	97447.81
	96597.1

	Room Temperature 
	292.05 K
	292.05 K

	Ideal Gas Constant, R 
	0.0821 L atm/K mol
	0.0821 L atm/K mol

	Actual Moles of Hydrogen (mol)
	  1.1108 x 10-3 
	1.0193x10-3

	Theoretical moles of Hydrogen (mol)
	1.1108 x 10-3
	1.0736x10-3

	Percent Yield (%)
	68.5
	103.3



Observations (Part 1):

· Water changed into a misty gray colour 
· Reaction occurred rapidly in a short amount of time 
· Can see the HCL flow through the water channel and react with the pure metal 
·  HCL odour was strong  

Table 2.  Alloy

	Data
	Trial 1
	Trial 2

	Unknown Number
	2295
	2295

	Mass of alloy (g)
	0.0427
	0.0409

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

	Volume of hydrogen gas (mL)
	25.0
	25.1

	Height of water column (cm)
	27.3
	23.8

	Density of water (kg/m3)
	1000
	1000

	Acceleration due to gravity (m/s2)
	9.81

	9.81


	Pressure of water column (Pa)
	2678.13
	25836.8

	Water Temperature (C)
	20
	19.6

	Water Vapour pressure (kPa)
	2.34
	2.34

	Atmospheric Pressure (Torr)
	762.0627

	762.0627


	Pressure of Hydrogen 
	97447.81 
	96261.06

	Room Temperature 
	292.05 K

	292.05 K


	Ideal Gas Constant, R 
	0.0821 L atm/K mol

	0.0821 L atm/K mol


	Moles of Hydrogen (mol)
	9.936 x 10-4  mol
	8.654 x 10-4  mol

	Mass of Zinc (g)
	0.0304
	0.0316

	Mass of Aluminum (g)
	0.01045
	9.3 x 10-3

	Percent Zinc (%)
	74.3
	77.4

	Percent Aluminum (%)
	25.7
	22.6

	Average Percent
	77.85 % Zn & 24.15% Al
	77.85 % Zn & 24.15% Al



Observations (Part 2):
	
· Water changed into a misty gray colour 
· Reaction occurred slowly  
· The eudiometer was vibrating  
· Can see the HCL flow through the water channel and react with the pure metal 
·  HCL odour was even stronger  

Sample Calculation :		Pure Metal

1. Uncalibrated Volume of the Eudiometer:

Used calibrated eudiometer. Therefore uncalibrated volume is equal to 0mL 

2. Volume of Hydrogen gas: 
Unit conversions 
V H2 = 19.1ml x (1L/1000mL) = 0.0191 L 
 30cm x 1m/100cm = 0.3m 


V H2 = 19.1ml 
	= 0.0191 L 



3. Pressure exerted by the water column:

P H2O = g x H2O x height H2O  
= 9.81m/s2 x 100kg/m3 x 0.199m Unit conversions 
Height H2O  = 19.9cm x 1m/100cm = 0.199m 


= 1952.19 Pa 


4. Pressure of hydrogen gas:
	
P H2 = P atm - P H2O – P water vapour        
= 101600 Pa - 1952.19 Pa – 2200 Pa 
=97447.81 Pa 
Unit conversions 
P atm= 1.016 bar x (1.0 x 105Pa)/ 1 bar =  101600 Pa
P water vapour = 2.20kPa x 1000pa/1kpa = 2200 pa  












5. Moles of hydrogen gas (experimental):

		PV=nRT 
	n H2= PV/ RT 
        = 0.961735 atm x 0.0191L / 0.0821 L atm/K mol x 	292.05 K
	= 7.611 x 10-4  mol 
Unit conversions 
P atm= 97447.81 Pa x 1atm/101325 Pa = 0.961735 atm
V= 0.0191 L
T= 18.9 + 273.15 = 292.05 K 
R= 0.0821 L atm/K mol 
 









6. Moles of hydrogen gas (theoretical):

Mg + 2HCL  H2 + MgCl2 
Moles Mg = mass Mg/ mm Mg 
	= 0.0270g/ 24.305 g/mol 
	= 1.1108 x 10-3 mol 

Moles H2 = 1.1108 x 10-3 mol Mg x  1mol H/ 1mol H 
	=  1.1108 x 10-3 mol 



7. Percentage Purity of metal:


% Purity of metal = (experimental / theoretical ) x 100 
			= (7.611 x 10-4  mol / 1.1108 x 10-3 mol) x 100 
			= 68.5% 





8. Average Percent Purity:
= ( yield of trial 1) + ( yield of trail 2) / 2 
= 68.5 %+103.3% = 85.6 % 





Sample Calculation :		Alloy


1. Pressure of water column and hydrogen gas:

P H2O = g x H2O x height H2O   
	 = 9.81m/s2 x 100kg/m3 x 0.273m
		= 2678.13 Pa 


Unit conversions 
Height H2O  = 27.3cm x 1m/100cm = 0.273m 




	P H2 = P atm - P H2O – P water vapour        
= 101600 Pa - 2678.13 Pa – 2340 Pa 
=96581.87 Pa 
Unit conversions 
P atm= 1.016 bar x (1.0 x 105Pa)/ 1 bar =  101600 Pa
P water vapour = 2.34kPa x 1000pa/1kpa = 2340 Pa  





2. Moles of hydrogen gas:

	PV=nRT 
	n H2= PV/ RT 
        = 0.953 atm x 0.025L /  0.0821 L atm/K mol x  292.05 K
	= 9.936 x 10-4  mol 
Unit conversions 
P atm= 96581.87 Pa x 1atm/101325 Pa = 0.953 atm
V= 0.025 L 
T= 18.9 + 273.15 = 292.05 K 
R= 0.0821 L atm/K mol 
 





3. Masses of Zinc and Aluminum in the alloy:


Eq1)  m Total of alloy = m Zn + m Al 
	= ( n Zn x mm Zn) + ( n Al x mm Al )	

“Let n Zn = Y and Let n Al = X “ 

Therefore Eq1) can be rewritten as  
m Total of alloy = ( Y  x mm Zn) + ( X  x mm Al )	


Eq2)  n H2= n Zn + 3/2 n Al

Therefore Eq1) can be rewritten as  
  	n H2=  Y + 3/2 X 

Eq 3)   rearranging Eq 1) to solve for X   

	X=  m Total of alloy  - ( Y  x mm Zn) / mm Al  

Substitute X into Eq 2), 

  n H2=  Y + 3/2 (m Total of alloy  - ( Y  x mm Zn) / mm Al ) 


Then plug in all known values to solve for Y   
 
All known values  
n H2 = 9.93 x10-4
m Total of alloy = 0.0409g 
mm Zn= 65.36 g/mol 
 mm Al= 26.982  g/mol
 





9.93 x10-4  mol  =  Y + 3/2 (0.0409g  - ( Y  x 65.36g/mol ) / 26.982g/mol)

Rearrange and solve for y 

Y= 46554 x 10-4 moles   


 Substitute Y value into  Eq1) and solve for X 


X=  m Total of alloy  - ( Y  x mm Zn) / mm Al  
	= 0.0409g – (46554 x 10-4 moles x 65.36g/mol)/ (26.982g/mol) 
X= 3.877 x 10-4  moles 



 Lastly convert Moles into Mass 

Y= 46554 x 10-4 moles  X 65.39 g/mol 
	= 0.0304g of Zn 


X= 3.877 x 10-4  moles  X 26.982g/mol 
	 = 0.01045g of Al 


4. Percent composition of the alloy:

% Comp Zn = Zn mass/ total mass of alloy  x 100 
		= 0.0304g/0.0409 x 100 
		= 74.3% 


% Comp Al = 100% - % Comp Zn = 25.7% 
5. Average Percent composition of the alloy (average of zinc values and average of aluminum values):

Average % Zn = trail 1 + trail 2/ 2 
		= 74.3% + 77.4% /2 
		= 75.85% 

Average % Al = trail 1 + trail 2/ 2 
		   = 25.7 % + 22.6% /2 
		    = 24.15 % 




























Discussion: (within space provided)

	Overall the experiment went smoothly, and I was able to obtain the composition of the sample alloy. The reaction between the alloy and acid demonstrated how much stronger an alloy is compared to a pure metal.  During both the trails of the alloy reactions with acid, I observed that the reaction occurred much slower than the pure metal’s reaction with acid. Most, distinctly, I noticed that the eudiometer was vibrating as the reaction proceeded. These two observations made sense, since the alloy contains much stronger bonds between its different compositions of metals. Therefore, more time is needed to break down these strong bonds. Large amounts of energy was released during the reaction, which was absorbed by the eudiometer, hence seen in a form of a vibration. These two connections helped me understand the strength of alloys, compared to pure metals.  
We expected all our percent yields to be under 100%, however one of our percent yields were slightly over 100%. This is due to a lab error that may have occurred during the procedure. The lab error that might have been the primary cause of this unusual percent yield might’ve been due to the presence of air bubbles in the tube. Even though our group did not see any air bubbles, they might have appeared during the inverting of the eudiometer.  Another source of error may have occurred, due to remaining pieces of the metal. My group took all precautions to prevent this error, however there is a small possibility of having micro fragments of unreacted metal left over. Overall, our results in both trails conclude that our alloy is composed of more Zinc than Aluminum.  

Conclusion:  (no more than two lines)
	The alloy composition is made of an average of 77.85 % Zinc and 24.15% Aluminum. Average percentage purity of the pure metal 85.6 %.  
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