Laboratory Report Form

Experiment 1.

Determination of the Composition of an Alloy

Checklist:

· 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)
	0.0394
	0.0450

	Uncalibrated volume of eudiometer (mL)
	NA
	NA

	Volume of hydrogen gas (mL)
	40.9
	47.1

	Height of water column (cm)
	6.4
	4.9

	Density of water (kg/m3)
	1000
	1000

	Acceleration due to gravity (m/s2)
	9.81
	9.81

	Pressure of water column (Pa)
	628
	554

	Water Temperature ((C)
	18.9
	19.3

	Water Vapour pressure (Pa)
	2200
	2200

	Atmospheric Pressure (Pa)
	101100
	101100

	Pressure of Hydrogen(Pa)
	9.83 x 104
	9.84 x 104

	Room Temperature (oC)
	22.4
	22.4

	Ideal Gas Constant, R (J/m.K)
	8.314
	8.314

	Actual Moles of Hydrogen (mol)
	1.64 x 10-3
	1.89 x 10-3

	Theoretical moles of Hydrogen (mol)
	1.62 x 10-3
	1.85 x 10-3

	Percent Yield (%)
	101
	102


Observations (Part 1):
· Bubbles form as tube is placed over metal
· Metal Magnesium is a solid/smooth strip
· Magnesium dissolves over process as reaction occurs
Table 2.  Alloy

	Data
	Trial 1
	Trial 2

	Unknown Number
	5236
	5236

	Mass of alloy (g)
	0.0400
	0.0418

	Uncalibrated volume of eudiometer (mL)
	NA
	NA

	Volume of hydrogen gas (mL)
	24.8
	25.3

	Height of water column (cm)
	24.1
	27.7

	Density of water (kg/m3)
	1000
	1000

	Acceleration due to gravity (m/s2)
	9.81
	9.81

	Pressure of water column (Pa)
	2.36 x 103
	2.72 x 103

	Water Temperature ((C)
	18.8
	18.9

	Water Vapour pressure (Pa)
	2200
	2200

	Atmospheric Pressure (Pa)
	101100
	101100

	Pressure of Hydrogen (Pa) 
	9.65 x 104 
	9.62 x 104

	Room Temperature ((C)
	22.4
	22.4

	Ideal Gas Constant, R (N/m.K) 
	8.314
	8.314

	Moles of Hydrogen (mol)
	9.74 x 10-4
	9.91 x 10-4

	Mass of Zinc (g)
	0.0310
	0.0330

	Mass of Aluminum (g)
	9.01 x 10-3
	8.76 x 10-3

	Percent Zinc (%)
	77.5
	78.9

	Percent Aluminum (%)
	22.5
	21.1

	Average Percent(%)
	                                      78.2% Zn,  
	21.8% Al


Observations (Part 2):
· Alloy is ribbon like solid (not connected)

Sample Calculation : Magnesium Pure Metal

1. Uncalibrated Volume of the Eudiometer:
Not Applicable
2. Volume of Hydrogen gas:
Trial 1

V=40.9 ml x 1L/1000ml x 1m3/1000L

V=4.09 x 10-5 m3

Trial 2

V=47.1ml x 1L/1000ml x 1m3/1000L

V=4.71 x 10-5 m3
3. Pressure exerted by the water column:
Trial 1

P=dgh

P=(1000kg/m3) (9.81m/s2) (0.064m)

P=628 Pa

Trial 2

P=dgh

P=(1000kg/m3) (9.81m/s2) (0.049m)

P=481 Pa
4. Pressure of hydrogen gas:
Trial 1

PH2=PAtmosphere – Pwater column – Pwater vapour
PH2=101100 Pa – 628 Pa – 2200 Pa

PH2=9.83 x 104 Pa

Trial 2

PH2=PAtmosphere – Pwater column – Pwater vapour

PH2=101100 Pa – 481 Pa – 2200 Pa

PH2=9.84 x 104 Pa

5. Moles of hydrogen gas (experimental):
Trail 1

PV=nRT

n=PV/RT

n= (9.83 x 104 Pa) (4.09 x 10-5 m3) 
      (8.314 J/mol.K) (295.55 K)

n=1.64 x 10-3 mols 

Trial 2

PV=nRT

n=PV/RT

n= (9.84 x 104 Pa) (4.71 x 10-5 m3) 
      (8.314 J/mol.K) (295.55 K)

n=1.89 x 10-3 mols 
6. Moles of hydrogen gas (theoretical):
Mg(s) + 2HCl(aq) –› MgCl2(aq) + H2(g)

Trial 1

mMg=0.0394g

mm=24.305g/mol

n=?

n=0.0394g x 1mol/24.305g

n=1.62 x 10-3 mols

Trial 2

mMg=0.0450g

mm=24.305g/mol

n=?

n=0.0450g x 1mol/24.305g

n=1.85 x 10-3 mols

7. Percentage Purity of metal (percentage yield of hydrogen):
Trial 1

Percent yield = actual value/theoretical value x 100%

Percent yield = 1.64 x 10-3 mols / 1.62 x 10-3 mols x 100%

Percent yield=101%

Trial 2

Percent yield = actual value/theoretical value x 100%

Percent yield = 1.89 x 10-3 mols / 1.85 x 10-3 mols x 100%

Percent yield=102%
8. Average Percent Purity:
Actual
naverage=(n1 + n2)/2
naverage= (1.64 x 10-3 mols + 1.89 x 10-3 mols)/2
naverage=1.76 x 10-3 mols
Theoretical

naverage=(n1 + n2)/2
naverage= (1.62 x 10-3 mols + 1.85 x 10-3 mols)/2

naverage=1.74 x 10-3 mols

Average % Purity= actual/theoretical x 100%

Average % Purity = 1.76 x 10-3 mols / 1.74 x 10-3 mols x 100%

Average % Purity = 101%
Sample Calculation : 5236 Alloy

1. Pressure of water column and hydrogen gas:
Pressure of water column

Trial 1

p=dgh

p=1000kg/m3(9.81m/s2) (0.241m)
p=2.36 x 103 Pa

Trial 2

p=dgh

p=1000kg/m3(9.81m/s2) (0.277m)

p=2.72 x 103 Pa

Pressure of H2
Trial 1

PH2=PAtmosphere – Pwater column – Pwater vapour


PH2=101100 Pa – 2.36 x 103 Pa – 2200 Pa

PH2=9.65 x 104 Pa

Trial 2

PH2=PAtmosphere – Pwater column – Pwater vapour


PH2=101100 Pa – 2.72 x 103 Pa – 2200 Pa

PH2=9.62 x 104 Pa

2. Moles of hydrogen gas:
Trial 1

PV=nRT

n=PV/RT

n= (9.65 x 104 Pa) (2.48 x 10-5 m3) 
      (8.314 J/mol.K) (295.55 K)

n=9.74 x 10-4 mols 

Trial 2

PV=nRT

n=PV/RT

n= (9.62 x 104 Pa) (2.53 x 10-5 m3) 
      (8.314 J/mol.K) (295.55 K)

n=9.91 x 10-4 mols 
3. Masses of Zinc and Aluminum in the alloy:
Two given equations
nH2 total=nH2 from Zn + 3/2 nH2 from Al                                            mtotal=mZn + mAl
nH2 total=mZn/mmZn + 3/2 mal/mmal                                              mZn=mtotal - mAl
Therefore;

nH2 total=mtotal/mmZn  - mAl/mmZn + 3/2 mal/mmal

nH2 total - mtotal/mmZn = - mAl/mmZn + 3/2 mal/mmal
Trial 1

Mass of Aluminum 
(9.74 x 10-4​ mol) – _0.0400g_ = __-mAl___   +   _1.5mAl___
                                   65.4 g/mol     65.4g/mol        27.0 g/mol  

3.62 x 10-4 mol = -27.0 g/mol(mAl) + 98.1 g/mol(mAl)                                 
                                                       1.77 x 103 (g/mol)2
3.62 x 10-4 mol =    _      71.1(mAl)____                                 
                                          1.77 x 103 (g/mol)

9.01 x 10-3 g= mAl

Mass of Zinc
mZn= mtotal – mAl

mZn= 0.0400g – 9.01 x 10-3 g

mZn= 0.0310g
Trial 2

Mass of Aluminum 
(9.91 x 10-4​ mol) – _0.0418g_ = __-mAl___   +   _1.5mAl___
                                   65.4 g/mol     65.4g/mol        27.0 g/mol  

3.52 x 10-4 mol = -27.0 g/mol(mAl) + 98.1 g/mol(mAl)                                 
                                                       1.77 x 103 (g/mol)2
3.52 x 10-4 mol =    _      71.1(mAl)____                                 
                                          1.77 x 103 (g/mol)

8.76 x 10-3 g= mAl

Mass of Zinc
mZn= mtotal – mAl

mZn= 0.0418g – 8.76 x 10-3 g

mZn= 0.0330g
4. Percent composition of the alloy:
Trial 1

Mass% Zinc

Mass% Zinc= mZn/mtotal x 100%
Mass% Zinc= 0.0310g/0.0400g x 100%
Mass% Zinc= 77.5%

Mass% Aluminum

Mass% Aluminum= mAl/mtotal x 100%
Mass% Aluminum= 9.01 x 10-3 g/0.0400g x 100%

Mass% Aluminum= 22.5%

Trial 2
Mass% Zinc

Mass% Zinc= mZn/mtotal x 100%
Mass% Zinc= 0.0330g/0.0400g x 100%

Mass% Zinc= 78.9%

Mass% Aluminum

Mass% Aluminum= mAl/mtotal x 100%
Mass% Aluminum= 8.76 x 10-3 g/0.0418g x 100%

Mass% Aluminum= 21.1%

5. Average Percent composition of the alloy (average of zinc values and average of aluminum values):
Average % composition of Zinc
Avg% Zn= ((0.0310g + 0.0330g)/2) / ((o.0400g+0.0418g)/2) x 100%
Avg% Zn= (0.0320g)/(0.0409g) x 100%

Avg% Zn= 78.2 %

Average % composition of Aluminum

Avg% Al= 100% - Avg% Zn

Avg% Al= 100% - 78.2%

Avg% Al= 21.8%

Discussion: (within space provided)
During this experiment, HCl (aq) was reacted with a specific mass of a certain metal yet the exact volume of this HCl (aq) was unknown. This is due to the fact that the metal was acting as the limiting reagent in the calculations and therefore, the mass/volume of HCl was not important as it was not the value used in the stoichiometry of the experiment.


Should air have entered the eudiometer by way of air bubbles or another means, the results of the experiment would have been affected. This is because the volume of the tube with no liquid in it would no longer only be hydrogen gas and would in turn contain some air as well. Therefore, the value obtained as the volume of H2 gas would be slightly higher than it actually was.


If metal floats up and sticks the eudiometer, results would also be affected as not all the metal would have had the chance to react with the HCl(aq). Therefore, the value of H2 gas would be less then expected as not all the mass of the metal got to react.

If percent purity is found to be over 100% (as seen in this experiment), then it is likely that some extra mass (dirt/dust particles) from experimenters or surfaces was added to the sample as it was being handled or the metal was impure. As such, the mass used in the actual value calculations would be greater than the true mass of the metal and would therefore obtain results with greater yields then expected (actual=1.76 x 10-3 mols, theoretical=1.74 x 10-3 mols). In this experiment errors were caused due to both experimental mistakes (handling metal) and factors that could not be helped by the experimenters (impurity).

 If the percent purity is exactly 100%, then the experiment was a perfect success and nothing was lost in the reaction. However, as it is nearly impossible to have a 100% efficient reaction (small amounts of energy will be lost as heat/noise) it is more likely that the result was obtained by coincidence due to a lack of precision or calculation error. 
If the percent purity is less, then 100 % then it means the reaction was not 100% efficient and some reactants were not converted into products. This energy could have been lost in the form of heat or sound energy during the reaction.

An alloy is a metal formed by combining two or more metallic elements in an effort to vary the properties of those metals. In this experiment a Zinc-Aluminum alloy was used.


It is predicted that pure metals will react better than alloys with an acid. This is predicted in that, on average the pure magnesium obtained a greater volume of H2 gas (44ml) then the alloy (25ml).


The mass of the metal will affect the results in that, more moles of H2 will be produced, however will not affect the percent yield calculations. This is because, raising the mass will affect both the actual and theoretical yield by the same factor.


This experiment demonstrates the applications of stoichiometry and the concepts of actual and theoretical yields. This knowledge demonstrates the use of chemistry in the real world and displays how real life processes are not 100% efficient and therefore require optimization to be as effective as possible (ex: Haber Process).

Conclusion: (no more than two lines)
   In conclusion, the percent yield of the pure magnesium metal was on average 101%. The percent composition of the alloy was on average 78.2% Zn, 21.8% Al.
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