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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
	Zn
	Zn

	Mass of metal (g)
	0.0622
	0.0619

	Uncalibrated volume of eudiometer (mL)
	0
	0

	Volume of hydrogen gas (mL)
	19.9
	24.6

	Height of water column (cm)
	30.3
	26.5

	Density of water (kg/m3)
	1000
	1000

	Acceleration due to gravity (m/s2)
	9.81
	9.81

	Pressure of water column (Pa)
	2.97
	2.60

	Water Temperature ((C)
	21.4
	21.7

	Water Vapour pressure (Pa)
	2.49
	2.64

	Atmospheric Pressure (Torr)
	761
	761

	Pressure of Hydrogen 
	95.94
	96.16

	Room Temperature 
	20.2
	20.2

	Ideal Gas Constant, R 
	8.3145
	8.3145

	Actual Moles of Hydrogen (mol)
	7.79x10^-4
	9.65x10^-4

	Theoretical moles of Hydrogen (mol)
	9.51x10^-4
	9.47x10^-4

	Percent Yield (%)
	82
	102


Observations (Part 1):
Bubbles formed

Bubbles stick to inner glass

Slow reaction overall

Table 2.  Alloy
	Data
	Trial 1
	Trial 2

	Unknown Number
	5100
	5100

	Mass of alloy (g)
	0.0168
	0.0236

	Uncalibrated volume of eudiometer (mL)
	0
	0

	Volume of hydrogen gas (mL)
	10.9
	15.1

	Height of water column (cm)
	42.2
	35.9

	Density of water (kg/m3)
	1000
	1000

	Acceleration due to gravity (m/s2)
	9.81
	9.81

	Pressure of water column (Pa)
	4.12x10^5
	3.52x10^5

	Water Temperature ((C)
	21.4
	21.6

	Water Vapour pressure (kPa)
	2.49
	2.64

	Atmospheric Pressure (Torr)
	761
	761

	Pressure of Hydrogen 
	94.77
	95.24

	Room Temperature 
	20.2
	20.2

	Ideal Gas Constant, R 
	8.3145
	8.3145

	Moles of Hydrogen (mol)
	4.22x10^-4
	5.87x10^-4

	Mass of Zinc (g)
	0.0127
	0.0180

	Mass of Aluminum (g)
	0.0041
	0.0056

	Percent Zinc (%)
	75.6
	76.3

	Percent Aluminum (%)
	24.4
	23.7

	Average Percent
	76


Observations (Part 2):
Bubbles formed

Bubbles stick to inner glass

                                              Slow reaction overall 

Sample Calculation :

Pure Metal

1. Uncalibrated Volume of the Eudiometer:

The Eudiometer was already calibrated therefore the unclaibrated volume is 0ml.
2. Volume of Hydrogen gas:
Trail 1

Volume of H2 = (Volume of H2) – (Uncalibrated volume)

Volume of H2= 19.9ml-0ml

Therefore the volume of H2 in trial 1 is 19.9ml

Trail 2

Volume of H2 = (Volume of H2) – (Uncalibrated volume)

Volume of H2= 24.6ml-0ml

Therefore the volume of H2 in trial 1 is 24.6ml

3. Pressure exerted by the water column:

Trail 1
P-water column = p x g x h
P-water column = (1000kg/m^3)(9.81m/s^2)(0.303m)

P-water column = 2.97 kPa
Therefore the pressure exerted by the water column is 2.97 kPa

Trail 2
P-water column = p x g x h

P-water column = (1000kg/m^3)(9.81m/s^2)(0.265m)

P-water column = 2.60 kPa

Therefore the pressure exerted by the water column is 2.60 kPa
4. Pressure of hydrogen gas:

Trial 1
(P-hydrogen)= (P-atmospheric) - (P-water) – (P-watervapour)
(P-hydrogen)= (101.4kPa) – (2.97kPa) – (2.49kPa)

(P-hydrogen)= 95.94kPa

Trial 2
(P-hydrogen)= (P-atmospheric) - (P-water) – (P-watervapour)

(P-hydrogen)= (101.4kPa) – (2.60kPa) – (2.64kPa)

(P-hydrogen)= 96.16kPa
5. Moles of hydrogen gas (experimental):

Trial 1

(P-hydrogen)= 95.94kPa
R= 8.3145 L kPa /mol K
T=294.4K

P=nRT/V
n=PV/RT

n=(95.94kPa)(0.0199L)/( 8.3145 L kPa /mol K)(294.4K)
n=7.79x10^-4

Trial 2

(P-hydrogen)= 96.16kPa

R= 8.3145 L kPa /mol K

T=294.7K

P=nRT/V

n=PV/RT

n=(96.16kPa)(0.0246L)/( 8.3145 L kPa /mol K)(294.7K)

n=9.65x10^-4
6. Moles of hydrogen gas (theoretical):

Trail 1
n of Zn =m/M

n of Zn =0.0622g/65.38g/mol

n of Zn =9.51x10^-4  mol
Zn + 2HCL ( ZnCl2 + H2

N of H2= 9.51x10^-4  mol Zn  x 1 mol H2/1mol Zn
N of H2= 9.51x10^-4  mol

Trail 2
n of Zn =m/M

n of Zn =0.0619g/65.38g/mol

n of Zn =9.47x10^-4  mol

Zn + 2HCL ( ZnCl2 + H2

N of H2= 9.47x10^-4  mol Zn  x 1 mol H2/1mol Zn

N of H2= 9.47x10^-4  mol

7. Percentage Purity of metal:

Trial 1
Experimental/Theoretical x100%

7.79x10^-4 mol/9.51x10^-4  mol x100% = 82%

Trial 2

Experimental/Theoretical x100%

9.65x10^-4/9.47x10^-4  mol x100% = 102%

8.
Average Percent Purity:

(82% + 102%/2)=92%
Sample Calculation :

Alloy

1. Pressure of water column and hydrogen gas:

Pressure water column
Trial 1
(P-water column) = p x g x h
       

P-water column =  (1000kg/m^3)(9.81m/s^2)(0.422m)

P-water column =4.14 kPa

Trial 2
(P-water column) = p x g x h
       

P-water column =  (1000kg/m^3)(9.81m/s^2)(0.359m)

P-water column =3.52 kPa

Pressure of Hydrogen
Trial 1
(P-hydrogen)= (P-atmospheric) - (P-water) – (P-watervapour)

(P-hydrogen)= (101.4kPa) – (4.14kPa) – (2.49kPa)

(P-hydrogen)= 94.77kPa

Trial 2
(P-hydrogen)= (P-atmospheric) - (P-water) – (P-watervapour)

(P-hydrogen)= (101.4kPa) – (3.52kPa) – (2.64kPa)

(P-hydrogen)= 95.24kPa
2. Moles of hydrogen gas:

Trial 1

(P-hydrogen)= 94.77kPa

R= 8.3145 L kPa /mol K

T=294.4K

P=nRT/V

n=PV/RT

n=(94.77kPa)(0.0109L)/( 8.3145 L kPa /mol K)(294.4K)

n=4.22x10^-4 mol
Trial 2

(P-hydrogen)= 95.24kPa

R= 8.3145 L kPa /mol K

T=294.7K

P=nRT/V

n=PV/RT

n=(95.24kPa)(0.0151L)/(8.3145 L kPa /mol K)(294.6K)

n=5.87x10^-4

3. Masses of Zinc and Aluminum in the alloy:

Must solve a system of equation due 2 two unknowns.
(n-hydrogen)= (n-zinc) + 3/2 (nAl)
(m-alloy) = (m-zinc) +(mAl)
(m-alloy) = (m-zinc) +(mAl)

(m-zinc) = 0.0168g - (mAl)

Let mAl=A

Trial 1

(n-hydrogen)= (n-zinc) + 3/2 A
4.22x10^-4 mol = ((0.0168g - A)/65.38g/mol))+ (3 x A)/(2 x26.98g/mol)

Find a common denominator.

4.22x10^-4 mol =(53.96g/mol x(0.0168g – A))/65.38g/mol + (65.38x3A/53.96)

4.22x10^-4 = (0.9065 – 142.18A)/3527.9
mAl=((4.22x10^-4)(3527.9)-0.9065)/142.18

mAl=4.1 x10^-3g

mZn= 0.0168g-0.0041=0.0127=1.27x10^-2g

Therefore m-aluminum= 4.1 x10^-3 g and m-zinc= 1.27x10^-2 g

Trial 2
(n-hydrogen)= (n-zinc) + 3/2 A

5.87x10^-4mol = ((0.0236g - A)/65.38g/mol))+ (3 x A)/(2 x26.98g/mol)

Find a common denominator.

5.87x10^-4mol =(53.96g/mol x(0.0236g – A))/65.38g/mol + (65.38x3A/53.96)

5.87x10^-4= (1.273 – 142.18A)/3527.9

mAl=((5.87x10^-4)(3527.9)- 1.273)/142.18

mAl=5.6 x10^-3g

mZn= 0.0236g-0.0056=0.018=1.8x10^-2g

Therefore m-aluminum= 5.6x10^-3 g and m-zinc= 1.8x10^-2 g
4. Percent composition of the alloy:
Trial 1
% aluminum= 0.0041/0.0168 x100%= 24.4%
% zinc = 75.6%

Trial 2

% aluminum= 0.0056/0.0236 x100%= 23.7%

% zinc = 76.3%
5. Average Percent composition of the alloy (average of zinc values and average of aluminum values):
% aluminum-average= (75.6% + 76.3%)/2= 75.95% =76%

Discussion: (within space provided)

Comparison of Results-
In this lab we demonstrated the skills required to determine the percent composition of an alloy. The percent composition of the alloy was successfully calculated based on the measurements taken during the lab. The two trials that were performed in the experiment were very similar providing consistent results.
Sources of error -There are errors within the measurements which are in the calculations these errors come from the following

· There were bubbles that got stuck with the glass tube even when the eudiometer was tapped a small amount of gas remained within the tube causing a slight error in the volume of hydrogen gas reading
· It is possible for very small amounts of metal which are not visible to stick to the side of the glass which will affect the total gas output of the reaction.

· The calculations and the instruments we used all had a small amount of error which was not mentioned/ accounted for, each instrument that we used has some form of error within the measurement device for example the ruler used to measure the height of the water column has an uncertainty of plus or minus 0.1 cm, this error is built into the measuring device, and because we did not take error into account our calculations will contain error.

Conclusion:  (no more than two lines)
In this experiment we were able to determine the percent composition of alloy number 5100 to be an average of 76% Zinc and 24% Aluminum.
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