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Experiment 1.

Determination of the Composition of an Alloy
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Student’s Initials: 
Data Tables
Table 1.  Pure Metal
	Data
	Trial 1
	Trial 2

	Identity of Metal
	Magnesium
	Magnesium

	Mass of metal (g)
	0.0265g
	0.0294g

	Uncalibrated volume of eudiometer (mL)
	3.9 ml
	4.7ml

	Volume of hydrogen gas (mL)
	24.2ml+2.9ml
	28.35ml+4.7ml

	Height of water column (cm)
	23.3cm
	18.5cm

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

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

	Pressure of water column (Pa)
	2.3x103Pa
	18x103Pa

	Water Temperature ((C)
	22.5oC
	22.5oC

	Water Vapour pressure (Pa)
	2730Pa
	2730Pa

	Atmospheric Pressure (Torr)
	766.2mmHg
	766.2mmHg

	Pressure of Hydrogen 
	97kPa
	98kPa

	Room Temperature 
	22.5oC
	22.5oC

	Ideal Gas Constant, R 
	8.314JK-1mol-1
	8.314JK-1mol-1

	Actual Moles of Hydrogen (mol)
	1.11x10-4 mol
	1.334x10-3mol

	Theoretical moles of Hydrogen (mol)
	1.31x10-2mol
	1.209x10-3mol

	Percent Yield (%)
	99.1%
	108.5%


Observations (Part 1):
There was no change of colour during the reaction between the magnesium and hydrochloric acid; however, heat was produced and the reaction was quick. Within seconds, the hydrogen became a gas and the magnesium became an aqueous solution by combining with the leftover chlorine. The magnesium would float to the top of the liquid portion of the eudiometer and dissolve into the liquid below
Table 2.  Alloy
	Data
	Trial 1
	Trial 2

	Unknown Number
	5016
	5016

	Mass of alloy (g)
	0.0409g
	0.0400g

	Uncalibrated volume of eudiometer (mL)
	3.9ml
	4.7ml

	Volume of hydrogen gas (mL)
	20.9ml+3.9ml
	24.65ml

	Height of water column (cm)
	27.2cm
	27.05cm

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

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

	Pressure of water column (Pa)
	2.6x103Pa
	2.7x103Pa

	Water Temperature ((C)
	22.5oC
	22.8oC

	Water Vapour pressure (kPa)
	2.7x103Pa
	2.8x103Pa

	Atmospheric Pressure (Torr)
	766.2mmHg
	766.2mmHg

	Pressure of Hydrogen 
	96.7kPa
	96.6kPa

	Room Temperature 
	22.5oC
	22.5oC

	Ideal Gas Constant, R 
	8.314JK-1mol-1
	8.314JK-1mol-1

	Moles of Hydrogen (mol)
	1.31x10-2mol
	9.68x10-4mol

	Mass of Zinc (g)
	3.17x10-2g
	3.1x10-2

	Mass of Aluminum (g)
	9.18x10-3g
	9.0x10-3

	Percent Zinc (%)
	78%
	78%

	Percent Aluminum (%)
	22%
	22%

	Average Percent
	Zn%=78%
	Al%=22%


Observations (Part 2):
As in the first experiment, there was no colour change during the chemical reaction. Heat was released once again, and it was possible to see the alloy float up and dissolve into the solution. Both reactions were both quite similar except for one characteristic; the reaction involving the alloy was much slower. The first reaction was completed in about 20 seconds, yet this one took over 10 minutes to complete.

Sample Calculation : Magnesium; Pure Metal

1) Uncalibrated Volume of the Eudiometer:

VCylinder=10ml          VUncalibrated=VCylinder-VEudiometer
VEudiometer=6.1ml                     =10ml-6.1ml
VUncalibrated=?          VUncalibrated=3.9ml
2) Volume of Hydrogen gas:

VEudiometer=24.2ml       VHydrogen=VEudiometer+VUncalibrated

VUncalibrated=3.9ml                    =24.2ml+3.9ml
VHydrogen=?                  VHydrogen=28.1ml
3) Pressure exerted by the water column:

Density(d)=1000kg/m3
Gravitational Acceleration(g)=9.8m/s2
Height of water column(h)=23.3cm/(100cm/1m)=0.233m
Pressure(P)=?
P=dgh
  =(1000kg/m3)(9.8m/s2)(0.233m)
 P=2.3x103Pa or 2.3kPa
4) Pressure of hydrogen gas:

PAtmosphere=766.2mmHg     PHydrogen= PAtmosphere- PWater Column- PWater Vapour
PWater Column=2.3x103Pa                       =766.2mmHg(1.01325x102kPa/760mmHg)- 

PWater Vapour=2730Pa                          2.3x103Pa(1kPa/1000Pa)- 2730Pa(1kPa/1000Pa)
PHydrogen= ?                        

PHydrogen=97kPa
5) Moles of hydrogen gas (experimental):

Pressure(P)=97kPa(1000Pa/1kPa)=9700Pa
Volume(V)=28.1ml ml=cm3, (100)3(cm)3=1m3; V=2.81x10-5m3
Ideal Gas Constant(R)=8.314JK-1mol-1
Temperature(T)=22.5oC; TKelvin=22.5oC+273.15; TKelvin=296K
Number of moles(nexperimental)=?
PV=nRT
(9714Pa)(2.81x10-5m3)=nexperimental(8.314JK-1mol-1)(296K)
nexperimental=((9700Pa)(2.81x10-5m3))/ ((8.314JK-1mol-1)(296K))

nexperimental= 1.11x10-4 moles of Hydrogen
6) Moles of hydrogen gas (theoretical):
2HCl(aq)+Mg(s) -> H2(g)+MgCl2
mMg=0.0265g

ntheoretical=?
MH2=2.016g/mol
mMg/1 mol Mg=mH2/1 mol H2
(0.0265g/1 mol Mg)= mH2/1 mol H2
(0.0265g/1 mol Mg)(1 mol H2)= mH2
mH2=0.0265g
n=m/M
  =(0.0265g)/(2.016/mol)
n=0.0131 or 1.31x10-2 moles of hydrogen
7) Percentage Purity of metal:

nExperimental=1.11x10-4mol     
ntheoretical=1.31x10-2mol
MH2=1.008g/mol

Percentage Purity(%)=?
mExperimental=(nExperimental)(MH2)
                 =(1.11x10-4mol)(2.016/mol)

                 =2.24x10-4g

mTheroetical=(nTheoretical)(MH2)
               =(1.31x10-2mol)(2.016/mol)
               =2.26x10-2g

%=((mExperimental)/(mTheoretical))(100%)

   =((2.238x10-4g)/(2.26x10-2))(100%)
%=99.1%
      8) Average Percentage Purity:
%1=98.85%
%2=108.5%
%Average=?
%Average=((%1)+(%2))/2
           =((99.1%)+(108.5%))/2

%Average=103.8%
Sample Calculation : 5016 Alloy

1. Pressure of a) water column and b) hydrogen gas:

a) PWater Column=?
   Density(d)=1000kg/m3
   Gravitational Acceleration(g)=9.8m/s2
   Height of Water Column(h)=27.20cm(1m/100cm)=0.272m
   PWater Column=dgh
                    =(1000kg/m3)(9.8m/s2)(0.272m)
   PWater Column=2.6x103Pa
b) PHydrogen=?
    PAtmosphere=766.2mmHg
    PWater Column=2666Pa

    PWater Vapour=2.81kPa

    PHydrogen=PAtmosphere-PWater Column-PWater Vapour
                =766.2mmHg(1.01325x102kPa/760mmHg)-(2666Pa/1000Pa)-2.81kPa
    PHydrogen =96.7kPa
2. Moles of hydrogen gas:

Pressure(P)=96.7kPa(1000Pa/1kPa)=9.67x104Pa
Volume(V)= VEudiometer=VUncalibrated
             =20.9ml+3.9ml
             =24.8ml/(100)3(cm)3
             =2.48x10-5m3
Ideal Gas Constant(R)=8.134JK-1mol-1
Temperature(T)=23oC+273.15=296.15K
Number of moles(n)=?
PV=nRT

(96740Pa)(2.48x10-5m3)=n(8.134JK-1mol-1)(296.15K)
n=((9.67x104Pa)(2.48x10-5m3))/((8.134JK-1mol-1)(296K)
n=9.96x10-4mol
3. Masses of Zinc and Aluminum in the alloy:

nH2=9.96x10-4mol
MMZn=65.38g/mol

MMAl=26.981g/mol

mAlloy=0.0409g

mZn=?

mAl=?

mAlloy=mZn+mAl
mZn=mAlloy-mAl
nH2=(mZn/MMZn)+(3mAl/2MMAl)=((mAlloy-mAl)/(MMZn))+(3mAl/2MMAl)
     =((mAlloy/MMZn)-(mAl/MMZn))+(3mAl/2MMAl)

nH2-(mAlloy/MMZn)=mAl((3/2MMAl)-(1/MMZn)

9.96x10-4mol-(0.0409g/65.38g/mol)=mAl(3/(2(26.981g/mol))-(1/65.38g/mol))
3.70x10-4mol=mAl(4.03x10-2g/mol)
(3.70x10-4mol)/(4.03x10-2g/mol)=mAl
mAl=9.18x10-3g
mZn=mAlloy-mAl
      =0.0409g-9.18x10-3g

mZn=3.17x10-2g
4. Percent composition of the alloy:

%Zn=?
%Al=?

mAl=9.18x10-3g
mZn=3.17x10-2g

mAlloy=0.0409g

%Zn=((mZn)/(mAlloy))x(100%)

      =((3.17x10-2g)/(0.0409g))x(100%)

%Zn=78%
%Al=100%-%Zn
%Al=22%
5. Average Percent composition of the alloy (average of zinc values and average of aluminum values):

%Al1=22%

%Zn1=78%

%Al2=22%

%Zn2=78%

AverageAl=(Al1+Al2)/2

               =(22%+22%)/2

               =22%
AverageZn=(Zn1+Zn2)/2

                =(78%+78%)/2

                =78%
Discussion: (within space provided)

There were essentially four parts that were supposed to be accomplished in this lab. The first part was to find the volume of the uncalibrated tip of a eudiometer, which turned out to be a fairly simple process. After this process was completed, a calculation was performed to find out the number of moles of a pure metal (magnesium) reacted with an acid. This was then compared with the mass of metal used to determine the purity percentage of the metal, followed by repeating these same steps with an alloy, which was used for the second part of the experiment. It was determined that the eudiometer’s uncalibrated section had a volume of 3.9ml, a finding that was crucial to complete the rest of the experiment. After determining that 1.11x10-4 moles of hydrogen were created in the reaction with magnesium, it was then found out through calculations that the purity of the magnesium was 99.1%; an extremely good specimen. However, there is a margin of error for this portion of the experiment. It is quite possible that the metal was measured incorrectly, that there were interfering agents such as dust or greases that attached to the metal when being handled by people, or plenty of other factors that could have influenced this outcome. After figuring out the purity of the element, it was time to repeat the experiment, except this time with an alloy instead of the pure metal. This alloy was formed of zinc and aluminum, and the primary goal was to determine the percentage of mass of each element in the alloy. It was determined that the alloy is approximately 78% zinc and 22% magnesium. The reasoning behind these results is that zinc has a much higher molar mass than magnesium, therefore more of the alloy is zinc. Essentially, the two goals of the experiment were to determine the purity of the element used in the first portion, and the percentage of mass of the elements in the alloy for the second part. 
Conclusion:  (no more than two lines)
It has been determined that the purity of the magnesium used for the first portion of the experiment is 99.1%. As for the second portion, the alloy is about 78% zinc and 22% magnesium
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