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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 __YJ_
Data Tables
Table 1.  Pure Metal
	Data
	Trial 1
	Trial 2

	Identity of Metal
	zinc
	zinc

	Mass of metal (g)
	0.0526 g
	0.0573 g

	Uncalibrated volume of eudiometer (mL)
	n/a
	n/a

	Volume of hydrogen gas (mL)
	20.7 ml
	23.0 ml

	Height of water column (cm)
	29.7 cm
	31.4 cm

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

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

	Pressure of water column (Pa)
	2913.57 pa
	3080.34 pa

	Water Temperature ((C)
	19 (C
	19 (C

	Water Vapour pressure (Pa)
	2200 pa
	2200 pa

	Atmospheric Pressure (Torr)
	757.56 Torr
	757.56 Torr

	Pressure of Hydrogen 
	95.886 kpa
	95.720 kpa

	Room Temperature 
	18.7 (C
	18.7(C

	Ideal Gas Constant, R 
	8.31446 L∙kpa/K∙mol
	8.31446 L∙kpa/K∙mol

	Actual Moles of Hydrogen (mol)
	8.172*10^-4 mol
	9.063*10^-4 mol

	Theoretical moles of Hydrogen (mol)
	8.045*10^-4 mol
	8.764*10^-4 mol

	Percent Yield (%)
	101.58%
	103.41%


Observations (Part 1):

The 12M HCL went down slowly and once the acid touch the zinc, bubbles came out and went to the top of the eudiometer. Within more acid contact with zinc, the rate of production of bubbles increased, and slowly reduced in rate until all the zinc was used up.
Table 2.  Alloy
	Data
	Trial 1
	Trial 2

	Unknown Number
	5288
	5288

	Mass of alloy (g)
	0.0398 g
	0.0401 g

	Uncalibrated volume of eudiometer (mL)
	n/a
	n/a

	Volume of hydrogen gas (mL)
	22.5 ml
	18.7 ml

	Height of water column (cm)
	32.1 cm
	31.3 cm

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

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

	Pressure of water column (Pa)
	3149.01 pa
	3070.53 pa

	Water Temperature ((C)
	19 (C
	20 (C

	Water Vapour pressure (kPa)
	2.20 kpa
	2.34 kpa

	Atmospheric Pressure (Torr)
	757.56 Torr
	757.56 Torr

	Pressure of Hydrogen 
	95.651 kpa
	95.589 kpa

	Room Temperature 
	18.7 (C
	18.7 (C

	Ideal Gas Constant, R 
	8.31446 L∙kpa/K∙mol
	8.31446 L∙kpa/K∙mol

	Moles of Hydrogen (mol)
	8.860*10^-4 mol
	7.334*10^-4 mol

	Mass of Zinc (g)
	3.29*10^-2 g
	3.71*10^-2 g

	Mass of Aluminum (g)
	6.88*10^-3 g
	2.97*10^-3 g

	Percent Zinc (%)
	82.715%
	92.60%

	Percent Aluminum (%)
	17.825%
	7.40%

	Average Percent
	Zn:87.66% Al:12.34%
	Zn:87.66% Al:12.34%


Observations (Part 2):

The alloy’s density was smaller than the water, and it was floating above the water. Once it contact with 12M Hcl, it didn’t form bubbles at once. However, the bubbles came out about 10 seconds later. Bubbles came to the top of the eudiometer. Within more acid contact with alloy, the rate of production of bubbles increased, and slowly reduced in rate until all the alloy was used up.
Sample Calculation :

Pure Metal

1. Uncalibrated Volume of the Eudiometer:

Eudiometer has already been calibrated.
2. Volume of Hydrogen gas:

Trial1: 
20.7ml*((cm^3)/ml)=20.7 cm^3
Trial2:
23.0ml*((cm^3)/ml)=23.0 cm^3

Therefore the volume of Hydrogen gas for trial 1 is 20.7cm^3, the volume of Hydrogen gas for trial 2 is 23.0cm^3
3. Pressure exerted by the water column:

Trial1:
Pwater column=dwater*g*hwater column


                =1000kg/m3*9.81m/s2*0.297m 



      =2913.57 pa
Trial2:
Pwater column=dwater*g*hwater column



      =1000kg/m3*9.81m/s2*0.314m




      =3080.34pa
Therefore, the pressure exerted by the water column for trial 1 is 2913.57pa, the pressure exerted by the water column for trial 2 is 3080.34pa.
4. Pressure of hydrogen gas:

Trial1:
Phydrogen gas=Patom-Pwater column-Pwater vapour



     =1.01bar-2913.57pa-2200pa



     =101000pa-2913.57pa-2200pa



     
     =95.886kpa
     Trial2:
Phydrogen gas=Patom-Pwater column-Pwater vapour



     =1.01bar-3080.34pa-2200pa




     =101000pa-3080.34pa-2200pa




     =95.720kpa
Therefor the pressure of hydrogen gas for trial 1 is 95.886 kpa, the pressure of hydrogen gas for trial 2 is 95.720 kpa.
5. Moles of hydrogen gas (experimental):

Trial1:

PV=nRT 
n=PV/RT
=(95.886kpa*20.7cm^3*L/10^3cm^3)/((8.31446L∙kpa/K∙mol)*(18.7+273.15)k)
=8.172*10^-4 mol


Trial2:
PV=nRT 

n=PV/RT

=(95.719kpa*23.0cm^3*L/10^3cm^3)/((8.31446L∙kpa/K∙mol)*(18.7+273.15)k)

=9.063*10^-4 mol

Therefore moles of hydrogen gas(experimental) for trial 1 is 8.172*10^(-4) mol ,moles of hydrogen gas(experimental) for trial 2 is 9.063*10^(-4) mol.
6. Moles of hydrogen gas (theoretical):
Zn (s) + 2 HCl (aq) ( ZnCl2 (aq) + H2 (g) ( 
Zn (s) + 2 H+ (aq) ( Zn2+ (aq) + H2 (g) (
Therefore, every one mole of znic form one mole of hydrogen gas.

Trial1:0.0526g/(65.38g/mol)=8.045*10^-4 mol

Trial2:0.0573g//(65.38g/mol)=8.764*10^-4 mol

Therefore, moles of hydrogen gas(theoretical) for trial 1 is 8.045*10^-4 mol, moles of hydrogen gas(theoretical) for trial 2 is 8.764*10^-4 mol.
7. Percentage Purity of metal:
Trial1:

8.172*10^-4 mol/8.045*10^-4 mol=101.58%

Trial2:
9.063*10^-4 mol/8.764*10^-4 mol=103.41%

Therefore, the percentage purity of metal for trial 1 is 101.58%, the percentage purity of metal for trial 2 is 103.41%.

8. Average Percent Purity:

(101.58%+103.41%)/2=102.495%

Therefore the average percent purity is 102.5%
Sample Calculation :

Alloy

1. Pressure of water column and hydrogen gas:

Trial 1: Pwater column=dwater*g*hwater column


       =1000kg/m3*9.81m/s2*0.321m


       =3149.01pa


Phydrogen gas=Patom-Pwater column-Pwater vapour


     =1.01bar-3149.01pa-2200pa



     =101000pa-3149.01pa-2200pa



     =95.651kpa

Trial 2: Pwater column=dwater*g*hwater column


       =1000kg/m3*9.81m/s2*0.313m



       =3070.53pa

Phydrogen gas=Patom-Pwater column-Pwater vapour


     =1.01bar-3070.53pa-2340pa



     =101000pa-3070.53pa-2340pa



     =95.589kpa


Therefore pressure of water column for trial 1 and trial 2 are 3149.01 pa and 3070.53 pa, pressure of hydrogen gas for trial 1 and trial 2 are 95.65 kpa and 95.59 kpa.
2. Moles of hydrogen gas:

Trial 1 : PV=nRT 
n=PV/RT

 =(95.651kpa*22.5cm^3*L/10^3cm^3)/((8.31446L∙kpa/K∙mol)*(18.7+273.15)k)

 =8.860*10^-4 mol

Trial 2: PV=nRT

n=PV/RT

 =(95.589kpa*18.7cm^3*L/10^3cm^3)/((8.31446L∙kpa/K∙mol)*(18.7+273.15)k)

 =7.334*10^-4 mol

Therefore, moles of hydrogen gas for tiral 1 and trial 2 are 8.860*10^-4 mol and 7.334*10^-4 mol.

3. Masses of Zinc and Aluminum in the alloy:

nhydrogen total = nzinc + 1.5nAl
Trial 1 :8.860*10^-4 mol = mZn/65.38+1.5(mAl/26.98)

mZn+mAl=0.0398g


mZn=3.29*10^-2 g

mAl=6.88*10^-3 g
Trial 2:7.334*10^-4 mol = mZn/65.38+1.5(mAl/26.98)

mZn+mAl=0.0401g


mZn=3.71*10^-2 g

mAl=2.97*10^-3 g
Therefore, mass of Zinc and Aluminum in trial 1 are 3.29*10^-2 g and 6.88*10^-3 g, mass of Zinc and Aluminum in trial 2 are 3.71*10^-2 g and 2.97*10^-3 g.

4. Percent composition of the alloy:
Trial 1 : Zn: 3.29*10^-2 g/0.0398g=82.715%


   Al: 6.88*10^-3 g/0.0398g=17.825%

Trial2 : Zn: 3.71*10^-2 g/0.0401g=92.60%


   Al: 2.97*10^-3 g/0.0401g=7.40%

Therefore,the percent composition of alloy in trial 1 are 82.715% of Zn and 17.825% of Al. the percent composition of alloy in trial 2 are 92.60% of Zn and 7.40% of Al.
5. Average Percent composition of the alloy (average of zinc values and average of aluminum values):
Zn: (82.715%+92.60%)/2=87.66%

Al: (17.825%+7.4%)/2=12.34%

Therefore the average percent composition of the alloy is 87.66% of Zinc and 12.34% of Aluminum.

Discussion: (within space provided)


In this experiment, we tried our best to let the zinc and alloy reacted with 12M HCL completely, but there were still some amount of the metal couldn’t react with Hcl because of our improperly uses of equipment. In the trial 2 of getting the composition of alloy, the alloy’s density is smaller than the water so it was floating on the water, and when we were trying to put the eudiometer to the holder , a piece of alloy float away from the holder. In that case, the amount of metal contacted with Hcl was less than the amount we weighed. That was an error. The second error is when we transfer the Hcl from the beaker to the eudiometer, I could see the smoke of Hcl came out, which means the metal might can’t react completely, the Hcl became the limiting reactant. In this reaction, it was a displacement reaction, metal lost electrons but form hydrogen gases. By following each steps, we got the pressure of hydrogen gases and used Ideal Gas Law to calculate the mole of hydrogen gases formed, and compare it with the theoretical hydrogen gases it could form. Those two numbers should be the same if the experiment is done precisely.  In the observation, bubbles forms and when more Hcl contact with the metal, the rate of bubbles’ formation increased, and bubbles stop forming anymore when the metal is consumed completely. The results show by calculating the mole of formation of hydrogen gases, we can get the mole the metal it reacted with. For every experiment of finding the composition of zinc or alloy, we did two trials. In the first two trials, the data were close and the results were close too. For the last two trials, the data’s difference were not close, I did aware the last trial of finding composition of ally has a mistake during the experiment, there was a piece of alloy didn’t react with Hcl at all. Comparing Zinc with Alloy, Zin is much easier to react with Hcl, zinc is an active metal. However, the alloy contains of Aluminum which is an inactive metal, so the rate of bubbles formation is slower than the zinc.
Conclusion:  (no more than two lines)
By using Ideal Gas Law, we can figure out the purity of zinc is 100% and the alloy has 87.66% of Zinc and 12.34% of Aluminum. 
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