Experiment 1: Determination of the Composition of an Alloy
Observations/Data/Results:

Table 1. Data and Results in the Determination of the Composition of an Alloy
	
	Data
	Trial 1
	Trial 2

	
	Mass of magnesium (g)
	0.0218
	0.0233 (Gupta)

	
	Volume of water in graduated cylinder (mL)
	3.95
	3.61

	
	Volume of water in eudiometer (mL)
	4.12
	4.02

	
	Difference between above volumes (mL)
	0.17
	0.41

	
	Volume of hydrogen gas (mL)
	25.32
	26.6 (Gupta)

	(a)
	Volume of hydrogen gas after calibration (mL)
	25.03
	N/A*

	
	Height of water column (cm)
	25.7
	23.4 (Gupta)

	
	Density of water (kg/m3)
	1000

	
	Acceleration due to gravity (m/s2)
	9.8

	(b)
	Pressure of water column (kPa)
	2.52
	2.29 (Gupta)

	
	Water temperature (ºC)
	24
	24 (Gupta)

	
	Water vapour pressure (kPa)
	2.98
	2.98

	
	Atmospheric pressure
	755.6 mm Hg → 100.7384 kPa

	(c)
	Pressure of hydrogen gas (kPa)
	95.24
	95.47

	
	Room temperature (ºC)
	25

	
	Ideal Gas Constant, R (L•kPa/mol•K)
	8.3145

	(d)
	Actual moles of hydrogen gas (mol)
	9.616 × 10-4
	1.02 × 10-3

	(e)
	Theoretical moles of hydrogen gas (mol)
	8.97 × 10-4
	9.59 × 10-4

	(f)
	Percent yield of H2 from Magnesium (%)
	107
	107

	
	Unknown alloy number
	# 2186

	
	Mass of alloy (g)
	0.0423
	0.0425

	
	Volume of hydrogen gas (mL)
	19.90
	24.83

	(g)
	Volume of hydrogen gas after calibration (mL)
	19.61
	24.54

	(h)
	Pressure of hydrogen gas (kPa)
	94.33
	94.95

	(i)
	Actual moles of hydrogen gas (mol)
	7.462 × 10-4
	9.400 × 10-4

	(j)
	Mass of aluminum (g)
	2.47 × 10-3
	7.20 × 10-3

	(k)
	Mass of zinc (g)
	3.98 × 10-2
	3.53 × 10-2

	(l)
	Percentage composition of alloy
	5.8% Al, 94.2% Zn
	16.9% Al, 83.1% Zn

	(m)
	Average percentage composition of alloy
	11.4% Al, 88.6% Zn

	*trial 2 values for magnesium test were cited, and the eudiometer tube used in cited work was already calibrated


Calculations: Answers that can be found in data table are written in red.
(a) | volume in graduated cylinder − volume in eudiometer tube | = calibration difference

| 3.95 mL − 4.12 mL | = 0.17 mL


Average of 2 trials: (0.17 mL + 0.41 mL) ÷ 2 = 0.29 mL


∴ volume of hydrogen gas = 25.32 mL − 0.29 mL = 25.03 mL
(b) Pressure = (density of water)(acceleration due to gravity)(height of water column)

Pwc
= (1000 kg/m2)(9.8 m/s2)(0.257 m)



= 2518.6 kg/m•s2


= 2.52 kPa
(c) Pressure of H2 = atmospheric pressure − water vapour pressure − pressure of water

  column


PH
= Pa − Pwv − Pwc 
Pwv → 24ºC = 2.98 kPa


= 100.7384 kPa − 2.98 kPa − 2.52 kPa



= 95.24 kPa
(d) PV = nRT

n
= PV


   RT



=        (95.24 kPa)(0.02503 L)       


   (8.3145 L•kPa/mol•K)(298.15 K)



= 9.616 × 10-4 mols H2
(e) Mg(s) + 2HCl(aq) → MgCl2(aq) + H2(g)      The ratio of Mg:H2 is 1:1, ∴ molMg = molH

molH
= mass Mg used  = 0.0218 g = 8.97 × 10-4 mols H2


   molar mass Mg    24.305 g

(f) % yield  =    actual     × 100%


   theoretical



= 9.616 × 10-4 mols H2 × 100%



    8.97 × 10-4 mols H2


= 107% yield
(g) volume H2 = 19.90 mL − 0.29 mL = 19.61 mL
(h) pressure H2 = Pa − Pwv − Pwc

PH
= 100.7384 kPa − 3.36 kPa − 3.05 kPa



= 94.33 kPa
(i) mols H2:

PV = nRT


n
= PV


   RT



=        (94.33 kPa)(0.01961 L)       


   (8.3145 L•kPa/mol•K)(298.15 K)



= 7.462 × 10-4 mols H2
(j) nhydrogen = nzinc + 3/2naluminum

mtotal alloy = mzinc in alloy + maluminum in alloy


mzinc = mtot − maluminum

nH
= nZn + 3/2nAl


=    mass of zinc    + 3 mass of aluminum


   molar mass zinc    2  molar mass of Al



= mtot − mAl + 3 mAl


        MZn        2 MAl


= 2(MAl)(mtot − mAl) + 3(mAl)(MZn)



         (MZn)(2MAl)


2(nH)(MZn)(MAl) = 2(MAl)(mtot) − 2(MAl)(mAl) + 3(MAl)(MZn)


2(nH)(MZn)(MAl) − 2(MAl)(mtot) = mAl(3MZn − 2MAl)


mAl
= 2(MAl)[(nH)(MZn) − mtot]


           3MZn − 2MAl


= 2(26.98 g/mol)[(7.462 × 10-4 mol)(65.41 g/mol) − 0.0423 g]



           3(65.41 g/mol) − 2(26.98 g/mol)



= 2.47 × 10-3 g aluminum
(k) mzinc = mtot − maluminum

mZn
= 0.0423 g − 2.47 × 10-3 g



= 3.98 × 10-2 g zinc
(l) Aluminum:

% composition
= mass of Al × 100%




 total mass




= 2.47 × 10-3 g × 100%




      0.0423 g




= 5.8% aluminum
(m)  Average % aluminum:

A%Al
=    mAl trial 1 + mAl trial 2    × 100%


   malloy trial 1 + malloy trial 2 



= (2.47 × 10-3 g) + (7.20 × 10-3 g) × 100%


           0.0423 g + 0.0425 g



= 11.4% aluminum
Discussion:
The amount (mols) of hydrogen gas that was created by the magnesium was higher than the amount of hydrogen gas that should have been created in theory. This answer is reasonable and can be explained by sources of error that were largely experimental.

Firstly, measuring out the 12M hydrochloric acid proved to be very inaccurate, and therefore when it was added to the eudiometer tube, there was most likely too much acid. Since the magnesium that reacted with the HCl was the limiting reactant, though, this would not solely have been the reason the percent yield of hydrogen gas was over 100%.

In fact, the measuring of the mass of magnesium used in the experiment was another source of error. In order for the extra HCl to have created more hydrogen gas than theorized, there needed to be extra magnesium for it to react with, and this extra magnesium had to be unaccounted for in the mass of magnesium thought to be used. One possibility for the source of the extra mass of magnesium is that our measurement for the mass of magnesium was inaccurate. This may be more of our own personal error than an experimental source of error since when we were taking the mass of the magnesium we were already behind on time (due to two already unsuccessful trials in which zinc refused to react with the HCl, so we had to restart with magnesium). This would have caused us to be rushed and somewhat impatient when taking the little measurements such as the mass of magnesium. Therefore we may have written down the mass of magnesium before the scale had stopped fluctuating, causing our measured values of the mass to be lower than the actual mass that we had. This extra mass, along with the extra hydrochloric acid in the eudiometer tube, would have created more hydrogen gas than our inaccurate “measured” amount of magnesium would have permitted, causing our percent yield to be over 100%.

The same sources of error described above apply also to the second part of the experiment: the determination of the make-up of the unknown alloy. The HCl used may have been more than what should have been used, and the mass of the alloy used may also have been rushed and therefore is subject to the same inaccuracies as found with the measurement of the magnesium.
Conclusion:
It was found that the magnesium used in this experiment created 9.616 × 10-4 mols and 1.02 × 10-3 mols of hydrogen gas in trials one and two respectively, each with a percent yield of 107%. The first of the two samples of alloy was found to contain 2.47 × 10-3 g of aluminum and 3.98 × 10-2 g of zinc, giving it a percentage composition of 5.8% aluminum and 94.2% zinc. The second sample of alloy was found to contain 2.47 × 10-3 g of aluminum and 3.98 × 10-2 g of zinc, giving it a percentage composition of 5.8% aluminum and 94.2% zinc 7.20 × 10-3 g of aluminum and 3.53 × 10-2 g of zinc, making its percentage composition 16.9% aluminum and 83.1% zinc. The average percentage composition of the two trials gave 11.4% aluminum and 88.6% zinc in the original alloy that we were given.

Reference: Gupta, Mikeesh; Student No. 7321294
Zinc:


% composition	= mass of Zn × 100%


			    total mass


			= 3.98 × 10-2 g × 100%


			      0.0423 g


			= 94.2% zinc





Average % zinc:


A%Zn	=    mAl trial 1 + mAl trial 2    × 100%


		      malloy trial 1 + malloy trial 2 


			= (3.98 × 10-2 g) + (3.53 × 10-2 g) × 100%


		           0.0423 g + 0.0425 g


			= 88.6% zinc





T = 25ºC = 298.15 K


R = 8.3145 L•kPa/mol•K





V = 19.61 mL = 0.01961 L


P = 94.33 kPa





Key	


n → mols


m → mass


M → molar mass
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T = 25ºC = 298.15 K


R = 8.3145 L•kPa/mol•K





V = 25.03 mL = 0.02503 L


P = 95.24 kPa





Pwv → 25.8ºC ~ 26ºC = 3.36 kPa


Pwc	= dgh


	= (1000 kg/m3)(9.8 m/s2)(0.0311 cm)


	= 3047.8 Pa


	= 3.05 kPa








