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Experiment 1.

Determination of the Composition of an Alloy
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Data Tables

Table 1.  Pure Metal

	Data
	Trial 1
	Trial 2

	Identity of Metal
	Zinc
	Zinc

	Mass of metal (g)
	0.0585
	0.0510

	Uncalibrated volume of eudiometer (mL)
	5.2
	5.2

	Volume of hydrogen gas (mL)
	25.4
	21.3

	Height of water column (cm)
	25.5
	28.6

	Density of water (kg/m3)
	1000
	1000

	Acceleration due to gravity (m/s2)
	9.81
	9.81

	Pressure of water column (Pa)
	2.50 x 103
	2.80 x 103

	Water Temperature (C)
	19.1
	21.2

	Water Vapour pressure (Pa)
	2200
	2490

	Atmospheric Pressure (Torr)
	1.010bar= 757.6torr
	1.010bar= 757.6torr

	Pressure of Hydrogen 
	96 300
	95 700

	Room Temperature (C)
	18.7
	18.7

	Ideal Gas Constant, R 
	8314 PaL/Kmol
	8314 PaL/Kmol

	Actual Moles of Hydrogen (mol)
	1.01 x 10-3
	8.40 x 10-4

	Theoretical moles of Hydrogen (mol)
	8.95 x 10-4
	7.80 x 10-4

	Percent Yield (%)
	113
	108



Observations (Part 1):
	Metal
	Before Reaction
	During Reaction
	After Reaction

	Zinc
	· Solid
· Grey
· Malleable
· Shiny
· One strip
	· HCl steamed when being put in the eudiometer
· Air bubbles began to form
· Slow reaction (Second reaction was a bit faster)
· Bubbles are forming on the zinc
· Dissolving; loss of color
· Small Temperature rise in eudiometer
· In second reaction, formation of bubbles at the top
	· No zinc remaining
· Bubbling stopped
· Clear solution

	HCL 
	· Aqueous 
· No colour
· No odour 
	
	




Table 2.  Alloy

	Data
	Trial 1
	Trial 2

	Unknown Number
	3131
	3131

	Mass of alloy (g)
	0.0434
	0.0481

	Uncalibrated volume of eudiometer (mL)
	5.2
	5.2

	Volume of hydrogen gas (mL)
	26.7
	26.7

	Height of water column (cm)
	22.5
	22.5

	Density of water (kg/m3)
	1000
	1000

	Acceleration due to gravity (m/s2)
	9.81
	9..81

	Pressure of water column (Pa)
	2.21 x 103
	1450

	Water Temperature (C)
	20.3
	22.8

	Water Vapour pressure (kPa)
	2340
	2810

	Atmospheric Pressure (Torr)
	1.010bar= 757.6torr
	1.010bar= 757.6torr

	Pressure of Hydrogen 
	96 500
	96 700

	Room Temperature 
	18.7
	18.7

	Ideal Gas Constant, R 
	8314 PaL/Kmol
	8314 PaL/Kmol

	Moles of Hydrogen (mol)
	1.06 x 10-3
	1.46 x 10-3

	Mass of Zinc (g)
	0.0336
	0.0302

	Mass of Aluminum (g)
	9.85x 10-3
	0.0179

	Percent Zinc (%)
	77.3
	62.8

	Percent Aluminum (%)
	22.7
	37.2

	Average Percent
	Zinc=70% and Alumnium=30%



Observations (Part 2):
	Metal
	Before Reaction
	During Reaction
	After Reaction

	Alloy
	· Solid
· Pieces
· Grey
· Malleable 
	· HCl steamed when entering the eudiometer
· Air bubbles originally very slow
· After a minute, the pieces dissolved vigorously, forming many small bubbles
· Alloy dissolved and rose to the top of the water column
· When pieces were at the top they broke apart into a black powdery solution

	· Clear Solution
· Bubbling stopped
· No solid material remaining

	HCL 
	· Aqueous 
· No colour
· No odour 
	
	





Sample Calculation : Trial #1 Pure Metal

1. Uncalibrated Volume of the Eudiometer:
Vuncalibrated part= VGC – Veudiometer
		= 9.2mL- 4.0mL
		= 5.2mL


2. Volume of Hydrogen gas:
VHydrogen Gas= Veudiometer - Vuncalibrated part
	          = 30.6mL - 5.2mL
	      = 25.4mL


3. Pressure exerted by the water column:
P= dgh
  = (1000kg/m3) (9.81m/s2)(0.255m)
  = 2.50 x 103 kg/s2m
  = 2.50 x 103 Pa


4. Pressure of hydrogen gas:
PHydrogen= PAtmospheric – PWater Column – PWater Vapour
	  = (1.010bar x 100000Pa/bar) – (2.50 x 103Pa) – (2.20 kPa x 1000Pa/kPa) 
	  = 96 300 Pa












5. Moles of hydrogen gas (experimental):
PV=nRT
n= PV/RT
n= [(96300 Pa) (0.0254L)]/ [(8.314 x 103 PaL/Kmol)(18.7 + 273.15)]
n= 1.01 x 10-3 mol


6. Moles of hydrogen gas (theoretical):
nZn= m/MR
     = (0.0585g)/(65.38g/mol)
     = 8.95 x 10-4 mol

Stoichiometry Reaction: Zn(s) + 2H+(aq)  Zn2+(aq) + H2(g)

nZn= 8.95 x 10-4 molH2 x (1mol Zn/1mol H2)
     = 8.95 x 10-4 molZn

7. Percentage Purity of metal:
%Purity1 = Experimental Number of Moles  x 100%
	       Theoretical Number of Moles
	   = 1.01 x 10-3 mol   x 100%
	      8.95 x 10-4 mol
	   = 113%


    8.	Average Percent Purity:
Average % Purity= %Purity1 + %Purity2
				   2
		       = (113%) + (108%)
				  2
		       = 111%








Sample Calculation : Trial #1Alloy

1. Pressure of water column and hydrogen gas:
VHydrogen Gas= Veudiometer - Vuncalibrated part
	          = 31.9mL - 5.2mL
      = 26.7mL 

P= dgh
  = (1000kg/m3) (9.81m/s2) (0.225m)
  = 2.50 x 103 kg/s2m
  = 2.21 x 103 Pa

PHydrogen= PAtmospheric – PWater Column – PWater Vapour
	  = (1.010bar x 100000Pa/bar) – (2.21 x 103Pa) – (2.34 kPa x 1000Pa/kPa) 
	  = 96 500 Pa


2. Moles of hydrogen gas:
PV=nRT
n= PV/RT
n= [(96500 Pa) (0.0267L)]/ [(8.314 x 103 PaL/Kmol)(18.7 + 273.15)]
n= 1.06 x 10-3 mol














3. Masses of Zinc and Aluminum in the alloy:
nHydrogen Total = nZn + 3/2 nAl
nHydrogen Total =     mass of zinc       +   3        mass of aluminum .
		 molar mass of zinc       2 molar mass of aluminum
nHydrogen Total = mtotal of alloy-mAl in alloy +   3        mass of aluminum .
		 molar mass of zinc       2 molar mass of aluminum
(1.06 x 10-3 mol) = (0.0434g) – mAl +        3mAl            .
		          (65.38 g/mol)    2(26.98g/mol)
1.06 x 10-3 mol = 53.96 (0.0434g – mAl) + 65.38 (3mAl)
			            3528 g/mol
1.06 x 10-3 mol (3528g/mol) = 2.34g – 53.96mAl + 196.1mAl
3.74g – 2.34g = 142.1mAl
1.40g = 142.1mAl
142.1      142.1
9.85x 10-3 g = mAl

mZn = mAlloy - mAl
      = 0.0434g – 9.85 x 10-3g
      = 0.0336g
Therefore the mass of Aluminum is 9.85x 10-3 g and the mass of zinc is 0.0336g.


4. Percent composition of the alloy
%composition Al=  mAl     x 100%
		        mAlloy
		     = (0.00985g)    x100%
		         (0.0434g)	
		     = 22.7%

%composition Zn=  mZn     x 100%
		        mAlloy
		     = (0.0336g)    x100%
		         (0.0434g)	
		     = 77.3%


5. Average Percent composition of the alloy (average of zinc values and average of aluminum values):
Average % composition Al= %compositionAlTrial 1 + %compositionAlTrial 2
							    2
				= (22.7%) + (37.2%)
					      2
				= 30.0%

Average % composition Zn= %compositionZnTrial 1 + %compositionZnTrial 2
							    2
				= (77.3%) + (62.8%)
					      2
				= 70.0%

























Discussion: (within space provided)
	The determination of an alloy lab allowed us to experimentally determine the composition of a compound into its specific components (I.e. Elements). An alloy is a composition of metals or a mixture of a metal and element, in this scenario however it consists of two metals: aluminum and zinc. The trials of our experiment had slightly different masses for both the first part (pure metal) and second part (alloy) however the percent composition were generally similar. For the first part, the percent yields only differed by 5%, thus very similar in yields. For the second part, both results demonstrated that zinc was in much higher proportions in the alloy compared to the aluminum. The results have approximately a 15% difference in results, however they generally demonstrated similar trends. The results for the pure metal reaction yielded quantities over 100%. This was due to error in our lab experiments and the handling of small quantity of material that resulted in these errors. The ideal value would have yielded a quantity of 100%, but certain factors limited our ability to reach 100% yield. For the second part of the experiment, the composition of the alloy was undetermined, thus it was unknown if the compositions were correct. If the unknown compounds had an equal number of moles in it however, the results did make sense as they ratio between the masses of zinc and aluminum in the alloy matched the ratio between the molar masses of zinc and aluminum. 
Many sources of error prevented better results in our data. Firstly, the reading of the eudiometer was quite difficult when measuring the height of the water column. Since the eudiometer was inside the beaker, the height of the water column wasn’t able to be read properly at the meniscus, hence the height couldn’t have been higher or lower resulting in a different yield. (Could have been effected either way. Secondly, the material, particularly the alloy once it had dissolved into a black powdery solution tend to keep small bits of it on the side, which would have lowered our percent yield for the first experiment, and effected our composition in the second part. 




Conclusion: (no more than two lines)
It was experimentally determined that the average percent purity of zinc metal was 110%. It was alloy determined that the percent composition of the unknown alloy, 3131, had an average percent composition of 70% zinc and 30% aluminum. 
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