Data Tables


Table 1.  Pure Metal

	Data
	Trial 1
	Trial 2

	Identity of Metal
	Zinc (Zn)
	Zinc (Zn)

	Mass of metal (g)
	0.0446 g
	0.0422 g

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

	Volume of hydrogen gas (mL)
	17.9 mL
	16.8 mL

	Height of water column (cm)
	37.1 cm 
	33.2 cm

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

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

	Pressure of water column (Pa)
	3640 Pa
	3250 Pa

	Water Temperature (C)
	24.5 C
	23.1 C

	Water Vapour pressure (Pa)
	3075 Pa
	2810 Pa

	Atmospheric Pressure (Torr)
	760 Torr
	760 Torr

	Pressure of Hydrogen 
	710 Torr
	714 Torr

	Room Temperature 
	22.4 C
	22.4 C

	Ideal Gas Constant, R 
	8.31441 J mol-1 K-1
	8.31441 J mol-1 K-1

	Actual Moles of Hydrogen (mol)
	6.9 x 10-4  mol
	6.5 x 10-4 mol

	Theoretical moles of Hydrogen (mol)
	6.8 x 10-4 mol
	6.5 x 10-4 mol

	Percent Yield (%)
	100%
	100%



Observations (Part 1):

Before the experiment the zinc was cut into very small rectangular pieces weighing 40-60 mg each. The pieces were silver in colour. 

The sample of zinc took a few minutes to react with the hydrochloric acid. Once the reaction occurred, bubbles of H2 gas forming could be observed and because of this the metal started rising in the tube. Once the reaction was complete there was no observable residue of zinc. 

Our observations were consistent for both trials. 

Table 2.  Alloy

	Data
	Trial 1
	Trial 2

	Unknown Number
	2476
	2476

	Mass of alloy (g)
	0.0339 g
	0.0379 g

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

	Volume of hydrogen gas (mL)
	21.6 mL
	23.3 mL

	Height of water column (cm)
	32.4 cm
	30 cm

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

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

	Pressure of water column (Pa)
	3180 Pa
	2940 Pa

	Water Temperature (C)
	23.1 C
	23.7 C

	Water Vapour pressure (Pa)
	2810 Pa
	2980 Pa

	Atmospheric Pressure (Torr)
	760 Torr
	760 Torr

	Pressure of Hydrogen 
	715 Torr
	715 Torr

	Room Temperature 
	22.4 C
	22.4 C

	Ideal Gas Constant, R 
	8.31441 J mol-1 K-1
	8.31441 J mol-1 K-1

	Moles of Hydrogen (mol)
	8.4 x 10-4
	9.0 x 10-4

	Mass of Zinc (g)
	0.026 g
	0.03 g 

	Mass of Aluminum (g)
	0.0079 g 
	0.0081 g

	Percent Zinc (%)
	77 %
	79%

	Percent Aluminium (%)
	23 % 
	21%

	Average Percent
	Zn = 78 %
	Al = 22 %



Observations (Part 2):


The alloy sample was cut into small, spiral shaped shreds that were silver in colour. The shreds of alloy were much lighter than the pieces of zinc because we needed a much greater volume of the alloy to get 40 mg. 

The reaction between the alloy and the hydrochloric acid was the same except that there was a change of colour at the site of the reaction. The liquid surrounding the reaction site turned black. As time passed the colour slowly faded into grey and eventually back to almost clear. 

This occurred during both alloy trials. 

Sample Calculation :		Pure Metal

1. Uncalibrated Volume of the Eudiometer:

n/a. we were provided with a calibrated eudiometer 


2. Volume of Hydrogen gas:

V= 17.9 mL 

3. Pressure exerted by the water column:

Pressure of wc = density of water x acceleration due to gravity x height of wc

Pwc (Pa) = 1 000 kg/m3 x 9.8 m/s2 x 0.371 m

Pwc (Pa) = 3 640 Pa


4. Pressure of hydrogen gas:

Pressure of H2 = Pressure atmosphere - Pwc - Pressure water vapour

PH2 (Pa) = 101 300 Pa - 3 640 Pa - 3 075 Pa 

PH2 (Pa) = 94 590 Pa 


5. Moles of hydrogen gas (experimental):

pV = nRT 

p = pressure of H2 (94 590 Pa)
V = volume of H2 ( 0.0000179 m3)
n = ?
R = constant (8.31441 J mol-1 K-1)
T = temperature of water (295.4 K) 

n = pV
       RT
      
n = 94 590 Pa x 0.0000179 m3
        8.31441 J mol-1 K-1 x 295.4 K

n = 6.9 x 10-4 mol


6. Moles of hydrogen gas (theoretical):

Zn (s) + 2HCl (aq) ZnCl2 (aq) + H2 (g) 

Moles H2 = Moles Zn (1:1) 

n = mass Zn g
Molar mass Zn g/mol

n = 0.0446 g
    65.39 g/mol

n = 6.8 x 10-4 Zn and H2 


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

Yield of H2 (%) = Experimental yield of H2 
	        Theoretical yield of H2

Yield of H2 (%) = 6.9 x 10-4 mol
                                 6.8 x 10-4 mol

Yield of H2 (%) = 100% 


8. Average Percent Purity:

Trial 2 also had a yield of 100%

Average percent purity (%) = Purity trial 1 + Purity trial 2 
                                                                              2

Average percent purity (%) = 100% + 100% 
                                                                 2

Average percent purity (%) = 100%








Sample Calculation :		Alloy


1. Pressure of water column and hydrogen gas:

Pressure of wc = density of water x acceleration due to gravity x height of wc

Pwc (Pa) = 1 000 kg/m3 x 9.8 m/s2 x 0.324 m 

Pwc (Pa) = 3 180 Pa 

Pressure of H2 = Pressure atmosphere - Pwc - Pressure water vapour 

PH2 (Pa) = 101 300 Pa - 3 180 Pa - 2 810 Pa

PH2 (Pa) = 95 310 Pa 

2. Moles of hydrogen gas:

pV = nRT 

p = pressure of H2 (95 310 Pa)
V = volume of H2 (0.0000216 m3)
n = ?
R = constant (8.31441 J mol-1 K-1)
T = temperature of water (295.4 K) 

n = pV
       RT

n = 95 310 Pa x 0.0000216 m3
      8.31441 J mol-1 K-1 x 295.4 K

n = 8.4 x 10-4 m0l


3. Masses of Zinc and Aluminum in the alloy:

nH2 = m of alloy (g)         -        mass of Al (g)       +          3     mass of Al (g)
           MM of Zn (g/mol)       MM of Zn (g/mol)               2     MM Al (g/mol)

8.4 x 10 -4 = 0.0339 (g)     -      mass of Al (g)         +          3    mass of Al (g)
                   65.39 (g / mol)       65.39 (g / mol)                    2   26.98 (g / mol)

8.4 x 10 -4  - 0.0339 (g)     =    -  mass of Al (g)       +          3 x (mass of Al) (g)                 
                 65.39 (g / mol)           65.39 (g / mol)                     53.96 (g / mol)

8.4 x 10 -4  -  0.0339 (g)    =   3 x (mass of Al) (g)   -          mass of Al (g)
                 65.39 (g / mol)         53.96 (g / mol)                  65.39 (g / mol)
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                 65.39 (g / mol)                                                       53.96 (g/mol)  65.39 (g/mol)


    8.4 x 10 -4  - 5.2 x 10-4    =   (mass of Al) (g) x 0. 04 (g / mol) 
 

               3.2 x 10-4 (mol)      =  mass of Al (g) 
                 0.o4 (g / mol)

                        0.0079 (g)   =  mass of Al (g) 


Mass of Zn (g) = Mass of Alloy (g) - Mass of Aluminium (g) 

mZn = 0.0339 (g) – 0.0079 (g) 

mZn = 0.026 (g)


4. Percent composition of the alloy:

Mass % Zn = Mass Zn       x    100 %                         Mass % Al = Mass Al     x   100 %
                       Mass Alloy                                                                    Mass Alloy

Znm% = 0.026 (g)              x   100 %	 Alm% = 0.0079 (g)         x  100 %
                0.0339 (g)	 0.0339 (g) 

Znm% = 77 %	 Alm% = 23 %


5. Average Percent composition of the alloy (average of zinc values and average of aluminum values):

Trial 2 = 79 % Zinc and 21 % Aluminium 

Average % composition of alloy = Trial 1 % + Trial 2 % 
          2

Zn avg. % = 79 % + 77 % 	Al avg. % = 21 % + 23 %
	          2 	                    2

Zn avg. % = 78 %	Al avg. % = 22 %

Discussion: 

The results obtained during the first part of experiment 1 coincide with our expectations. After two trials, using samples of zinc, the net yield of hydrogen calculated is 100%. This result indicates that all of the reagents reacted completely to form hydrogen. As for the second part of the experiment no hypotheses were made because the composition of the alloy was unknown. However, it is possible to compare how both samples independently reacted with hydrochloric acid. 

The results from both respective experiments share many similarities. The trials with zinc strongly resembled each other as did the trials with the alloy. For zinc, both reactions occurred at a slow pace and gave almost the same amount of hydrogen gas. The latter statement is proven by the calculations where each trial yielded almost the same number of moles. The same is true in the case of the alloy. There were also observable resemblances in the alloy trial; black liquid surrounded the site of both reactions. 

In addition, we can compare the results of zinc to those of the alloy. After completing all trials, it can be noted that all metal samples produced a similar number of moles of hydrogen. This makes sense because the alloy is partially made from zinc and so both samples should theoretically have similar properties. However, because the alloy is also made up of aluminium the metals do not react the exact same way. This is evident during the experiment when the alloy induces a change of colour within the eudiometer. 

The obtained yield of 100% implies that the reaction occurred without any flaws; however, there was some room for error in the protocol. We were meticulous in the handling of materials especially when came the time to invert the eudiometer and place it over the sample holder. During this step there is an opportunity for air to enter the eudiometer and affect data like the height of the water column and the volume of hydrogen. To add, when the reaction was at it’s peak and the metals began to rise we made sure that the sample did not stick to the side of the tube by tapping on the glass. An incomplete reaction caused by this heavily affects results because not enough hydrogen will be produced and thus the number of moles will be altered. 

Upon reflection it is evident that the experiment is closely related to the matters learnt in the classroom. The theories learnt and their related formulas like the ideal gas law (pV = nRT) proved useful in a real life setting.  

Conclusion:  (no more than two lines)

In the first part of the experiment 6.9 x 10-4 moles of hydrogen were obtained for a yield of 100%. In the second part of the experiment it was determined that the composition of the alloy given is 78% Zn and 22% aluminium
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