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Laboratory Report Form

Experiment 1.

Determination of the Composition of an Alloy

Checklist:

· Raw Data Sheet written in pen, signed by TA and attached 

· Report Form completed in pen (or typed) and attached
Student’s Initials _J.P.S__
Data Tables
Table 1.  Pure Metal
	Data
	Trial 1
	Trial 2

	Identity of Metal
	
zinc

	Zinc

	Mass of metal (g)
	0.0511g
	0.0589g

	Uncalibrated volume of eudiometer (mL)
	3.1 mL
	3.2mL

	Volume of hydrogen gas (mL)
	35.5mL
	22.6mL

	Height of water column (cm)
	16.7cm
	29.5cm

	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)
	1637 Pa
	2891 Pa

	Water Temperature ((C)
	220C
	220C

	Water Vapour pressure (Pa)
	2.64x103
	2.64x103

	Atmospheric Pressure (Torr)
	754
	754

	Pressure of Hydrogen 
	0.95 atm
	0.938 atm

	Room Temperature 
	20
	20

	Ideal Gas Constant, R 
	0.08206 L.atm.K-1mol-1
	0.08206L.atm.K-1.mol-1

	Actual Moles of Hydrogen (mol)
	1.4x10-3
	8.81x10-4

	Theoretical moles of Hydrogen (mol)
	7.81x10-4
	9.00x10-4

	
Percent Yield (%)
	179
	97.88


Observations (Part 1):
Before the beginning of the experiment, we were able to clearly see the gray zinc sample and smell the irritating odor of the clear hydrochloric acid in the eudiometer. When the metal and the acid were mixed, bubbles coming out of the zinc went rapidly from simple to very bubbly, increasing in quantity and size while noting some floating zinc pieces in the eudiometer. As the zinc was becoming shinier and smaller eventually, bubbles were stuck to the sides on the metal until all the metal quantity was totally consumed 


[image: image1]
The photo above shows a similar observation of the same metal in the hydrochloric acid with intense bubble emission
Table 2.  Alloy
	Data
	Trial 1
	Trial 2

	Unknown Number
	5264
	5264

	Mass of alloy (g)
	0.0413
	0.0426

	Uncalibrated volume of eudiometer (mL)
	3.1
	3.2

	Volume of hydrogen gas (mL)
	25.8
	26.8

	Height of water column (cm)
	26.5
	22.8

	Density of water (kg/m3)
	1000
	1000

	Acceleration due to gravity (m/s2)
	9.8
	9.8

	Pressure of water column (Pa)
	2597
	2234

	Water Temperature ((C)
	22
	22

	Water Vapour pressure (kPa)
	2.64x103
	2.64x103

	Atmospheric Pressure (Torr)
	754
	754

	Pressure of Hydrogen 
	0.941 atm
	0.944 atm

	Room Temperature 
	200C
	200C

	Ideal Gas Constant, R 
	0.08206L.atm.mol-1.k-1
	0.08206L.atm.mol-1.k-1

	Moles of Hydrogen (mol)
	1.00x10-3
	1.05x10-3

	Mass of Zinc (g)
	0.0322
	0.0327

	Mass of Aluminum (g)
	9.1x10-3
	9.9x10-3

	Percent Zinc (%)
	77.97
	76.80

	Percent Aluminum (%)
	22.03
	23.19

	Average Percent
	Av(zn)=77.39
	Av(Al)=22.61


Observations (Part 2):
When adding hydrochloric acid to the beaker containing the alloy, a shy emission of bubbles appeared with the bubbles stuck on the sample for the first few minutes, unveiling a reaction slower than the reaction with the pure metal, with smaller bubbles emitted in quantity and size. The reaction with the alloy was very slow and required a lot of tapping on the sides of the eudiometer. As the experiment began to end, bubble emission decreased and the alloy sample was cut into smaller pieces that disappeared after a while. 
[image: image2.jpg]



     Bubble emission is clearly less than the first reaction and smaller in proportion.

Sample Calculation :

Pure Metal 
Calculation for trial 2
1. Uncalibrated Volume of the Eudiometer:

V(uncalibrated) = V(cylinder)-V(eudiometer)
                        =10.0-6.8
                       =3.2mL
2. Volume of Hydrogen gas:

V(h2)=V(read on eudiometer)+V(uncalibrated)
       = 19.4+3.2
       =22.6mL
3. Pressure exerted by the water column:

P = d.g.h
   =density. Gravitational acceleration. Height
  = 1000 kg/m3 (9.8m/s2) (0.295m)
  =2891 Pa
4. Pressure of hydrogen gas:
Since the pressure inside the eudiometer is equal to the pressure in the outside we can say that:

P(atm)=P(h2)+P(liquid water)+P(water vapour)
· P(h2)= P(atm)-P(liquid water)-P(water vapour)    
                 = 0.992-0.028-0.026

                 =0.938 atm

* P(atm)=754 mmHg  *P( liquid water)= 2891 Pa  *P(water vapour )=2.64 KPa
          = 0.992 atm                            =0.028atm                           =0.026atm
5. Moles of hydrogen gas (experimental):

According to the Ideal Gas Law , PV=NRT 
· P(H2).V(H2) = n(H2). R .T
So n(H2)=P(H2).V(H2)/R.T
             =0.938x0.0226/0.08206x293.15
             =8.81x10-4 mol
With* Ideal Gas Constant : R=0.08206 L.atm.K-1.mol-1
        *Temperature : T=200C
                                   =293.15 K
*pressure of H2 =0.938 atm
          * volume of H2=0.0226L
6. Moles of hydrogen gas (theoretical):

We know that HCl(H+ + Cl-
And that the equation of the reaction in the eudiometer is:
Zn + H+ (H2 + Zn2+
And knowing that the pure metal (Zn) is the limiting reagent and that the ratio of hydrogen gas to zinc is 1:1, we could say that
n(H2) = n(Zn)
n(H2)= mass(Zn)/MM(Zn)
        =0.0589(g)/65.38(mol/L)
        =9.00x10-4mol
7. Percentage Purity of metal:

Since n(Zn) = n(H2)
% purity = %yield (H2) = (n(H2) experimental / n(H2) theorical) X 100%
                                   =( 8.81x10-4/9.00x10-4 ) x 100%
                                   =97.88 %
8.
Average Percent Purity:

Average=179+97.88
                      2
        =138%
Sample Calculation :

Alloy

1. Pressure of water column and hydrogen gas:

Pressure of water :
P = d.g.h
   =density. Gravitational acceleration. Height
   = 1000x9.8x(0.265m)
   = 2597 Pa 
  =0.025 atm

Pressure of hydrogen gas:
Since the pressure inside the eudiometer is equal to the pressure in the outside we can say that:

P(atm)=P(h2)+P(liquid water)+P(water vapour)
So, P(h2)= P(atm)-P(liquid water)-P(water vapour)
            =0.992-0.025-0.026
            =0.941 atm
* P(atm)=754 mmHg  *P( liquid water)= 2597 Pa  *P(water vapour )=2.64 KPa

          = 0.992 atm                            =0.028atm                           =0.026atm
2. Moles of hydrogen gas:

According to the Ideal Gas Law , PV=NRT 

•
P(H2).V(H2) = n(H2). R .T

So n(H2)=P(H2).V(H2)/R.T

             =0.941x0.0258 /0.08206x293.15

             =1.00x10-3mol
with* V(H2)= V(read on eudiometer) + V (uncalibrated )

                  = 22.7+3.1

                  = 25.8mL=0.0258L
        *Ideal Gas Constant : R=0.08206 L.atm.K-1.mol-1

        *Temperature : T=200c
                                   =293.15 K

         *pressure of H2 =0.938 atm

3. Masses of Zinc and Aluminum in the alloy:

We know that :

· m(alloy)=m(Zn) + m(Al ) 
Thus , m(Zn)=m(alloy)-m(Al)                                                       (1)
· the equations of both reactions are:
*Zn + 2H+( zn2+ + H2
*Al +3 H+( Al3+ + 3/2 H2
n(H2)total=n(produced by Zn ) + n( produced by Al )         
             = n(zinc)+3/2 n(Al)
             =m(zn)/MM(zn)+ 3/2 m(Al)/MM(Al)
By replacing m(zn) by the result of (1) we get 

N(H2) total = (m(alloy)-m(Al))/MM(zn) + 3/2 m(Al) / MM(Al)
                =   ( 2MM(Al)xm(alloy)-2MM(Al)xm(Al)+3MM(Zn)xm(Al) )

                                                  2 MM(Al)x MM(zn)
m(Al)= 2n(H2)xMM(Al)xMM(zn)-2MM(Al)m(alloy)
                             3MM(Zn)-2MM(Al)
       =2x1.00x10-3x 26.98 x65.38 -2x26.98x0.0413
                            3x65.38-2x26.98
      =9.1x10-3g
By replacing m(Al) in (1) by its value , we get :
m(Zn)=m(alloy)-m(Al)

        =0.0413-9.1x10-3

           =0.0322 g 
4. Percent composition of the alloy:
%Zn= (m(zn) /m(alloy))x100%
     =(0.0322/0.0413)x100%
     =77.97%
%Al = (m(Al)/m(alloy))x100%
      =(9.1x10-3/0.0413)x100%
      = 22.03%
5. Average Percent composition of the alloy (average of zinc values and average of aluminum values):
Av(Zn)=(77.97+76.8)/2                                               Av(Al)=(22.03+23.19)/2          =77.39%                                                                              =22.61%
Discussion: (within space provided)
        The results of the first trial in the metal experiment did not match the expectations because the yield percentage obtained at the end of the calculations shows a percentage greater by far than 100% and that is due to the air that went in the eudiometer when we placed the eudiometer under water but not covering the beaker in the very few first seconds. Thus, by increasing the air in the eudiometer, V(H2) experimental increased significantly and as a result , the yield percentage showed inaccurate results. That being said, did the yield percentage represent values <100%, the probable cause of that error would be the insufficient time dedicated for the reaction, thereby, the decrease of V(H2) experimental . However, second trial’s yield percentage showing a value near 100 %( ideal scenario) proves that, even though we used the sand paper to reduce the metal oxide layer, a 100% pure metal is never feasible due to that layer that will eventually keep showing up as long as the metal is exposed to the air .
                Knowing that an alloy is a non-homogenous mix of 2 metals, we could assume that the results could not be predictable in the beginning since the composition of the alloy was not determined. Notwithstanding, identical results in both trials doesn’t necessarily prove the validity of the experimental procedure that my partner and I did since, being said that the alloy is an heterogeneous mixture, Al and Zn shall not be necessarily distributed evenly on both trials samples . However, our results showed matching values that could determine more precisely the exact composition of the alloy.
Conclusion:  (no more than two lines)
The percentage yield of hydrogen gas produced by a sample of Zn was found to be 179%. The composition of alloy number 5264 was found to be 77.4% Zn and 22.6% Al .
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