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Lab 1: Calculating the Percent of Oxygen Gas in the Atmoshere 

 

Materials: 250 ml beaker; 0.25 ml household vinegar (5% CH3COOH); dropper; 0.5 

g of fine iron powder; 150 mm test tube; ruler 

 

Purpose: To use the rusting of iron and a pressure gradient in order to calculate the 

percent of oxygen in the Earth’s atmosphere. 

 

Procedure: 

 

1) Add a spatula tip of iron powder to a test tube. 

2) With a dropper, add 0.25 ml of vinegar (5 drops) to the iron powder. 

3) Tilt the test tube and gently swirl it so that the iron gets stuck to the bottom of 

the test tube. 

4) Try to get rid of any excess vinegar, or if there still seems to be some dry iron 

powder, add, drop by drop, enough vinegar to just coat all of the iron. The 

goal is to get the iron stuck to the bottom of the test tube. 

5) Turn the test tube upside down into a beaker of water. 

6) Take note of the time. 

7) Record your observations. Wait if you notice nothing initially. 

8) Wait a total of 25 minutes from the point since you turned the tube upside 

down. Meanwhile: 

9) Measure the height of the test tube. Record your measurement in the data 

table. 

Record more observations and answer analysis #1. 

10) Measure the height of the water inside the test tube. Record your measurement 

in the data table. 

 

Indicate units. The last figure in your measurement has 

to be an estimate. 

Height of test tube  

Observations  

 

 

Height of the water in 

test tube after 25 

minutes. 

 

 

 

Analysis 

 

1. a)  What does oxygen do when iron rusts? 

 

 

b)  Why is there almost no water in the test tube initially? 
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c)  Why did water move into the test tube? 

 

 

2. a) Calculate the ratio of the water’s height to the height of the test tube. 

 

 

 

b) Use this ratio to calculate the percent of air in the test tube that reacted. If 

the reaction had gone to completion, this percentage would have been the 

% of oxygen in the air. 

 

 

 

3. The accepted value for the percent of oxygen in the atmosphere is 21%. Subtract 

your value from 21, divide by 21 and convert to a percent.  

 

 

 

4. What is the meaning behind the percent you just calculated in #3? 

 

 

 

 

 

5. Write a conclusion. (In one or two sentences, mention the answer to your 

problem and what equipment and method (very briefly!---the details will be found  

in your analysis) were used to solve the problem. If the experiment includes an 

“aim”, that will be a major clue for writing the conclusion.) 
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Lab 2: Volume of Hydrogen Gas 
 

Purpose: to determine the volume of hydrogen gas formed when a sample of Mg 

reacts with 6 M HCl according to: 

 

Mg(s) + 2 HCl(aq)  MgCl2(aq) + H2(g) and to compare the actual 

measured volume to the theoretical volume expected from the 

ideal gas law. 
 

1. Measure the length of the Mg ribbon in cm. Report your measurement 

with two decimal places, meaning that you have to, as usual, estimate the 

last decimal place. 

 

2. Coil up the ribbon and trap it in a copper cage as shown in the diagram.  

 

 

 

3. Add about 300 mL of water to a large beaker and place it on the black base of a 

ring stand that should have been set up with a clamp in position to hold the gas 

burette.  

 

4. Slant the gas burette and pour in about 10 mL of 6M HCl. 

 

5. Carefully fill the rest of the tube with water ( pour it slowly down the sides of the 

tube) without disturbing the acid at the bottom.  

 

6. Slip in the cage containing the Mg, hooking the handle outside of the burette as 

shown in the diagram, and stopper the burette. There should only be the tiniest 

bubble of air at the top. Otherwise, add more water. 

 

7. Cover the hole with your finger and invert the tube in the beaker of water as 

shown below. Clamp it in place and the denser acid will fall through to eat your 

metal. 

 

 

8. Wait for all of the Mg metal to disappear, and then wait 5 more minutes 

to let the gas and tube to cool to room temperature. 
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9. Cover the hole in the stopper with your finger and transfer the flask to a large 

graduated cylinder that is almost filled with water. Lower or raise the gas burette 

until the level of water in the burette is the same as the level of water in the 

cylinder. This procedure allows you to measure the volume of gases at room 

pressure. 

 

 
 

10. Read and record the gas volume from the gas burette. Use two decimal places. 

 

11. Record the room temperature and room pressure. 

 

12. Clean up. 
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Data: 

 
a. Mass(g) of 100 cm of Mg  

 (obtain from lab instructor)  

 

 

b. Length of Mg (cm)used  

c. Volume of hydrogen +water vapour 

(mL) 

VH2+H2O =                   mL 

d. Temperature of water from beaker (
o
C)  

e. Pressure of water vapour (kPa) at above 

water temperature (see chart analysis) 

PH2O=               kPa 

f. Atmospheric Pressure of room (kPa) 

(written on the board) 

Proom=               kPa 

g. Room temperature (
o
C) today 

(written on the board) 

Troom=               
o
C=         K 

  

 
 

Analysis: 

 

 
1. Calculate hydrogen’s actual pressure because a small percent of the 

total pressure comes from water vapour mixed in with hydrogen gas. 

 

OHroomH PPP 22  (based on Dalton’s Law) 

 

for OHP
2

 consult the following table. Match with (d) from the data tale. 

Temp of 

water (
o
C) 

Pressure 

(kPa) 

Temp of 

water (
o
C) 

Pressure (kPa) 

18.0 2.07 22.0 2.64 

19.0 2.20 23.0 2.80 

20.0 2.33 24.0 2.99 

21.0 2.48 25.0 3.16 

 

 

 

 

 

2. Calculate hydrogen’s actual contribution to the volume measured  by 

multiplying  by  

The following values: 

OHH

room

H
H V

P

P
V 22

2
2  
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(by the way this is totally unrelated to Boyle’s law) 

 

3. Calculate the mass(g) of magnesium used based on the length used. Don’t round off 

yet! 

 

 

 

4. Convert grams of magnesium to moles of magnesium. Don’t round off yet! 

 

 

5. How many moles of hydrogen should have formed based on the number of moles of 

Mg actually used? Don’t round off yet! 

 

Use the mole ratios of : Mg + 2 HCl  MgCl2 +  H2 

 

 

 

 

6. Now calculate V:  Vexpected in liters = 

2H

room

P

nRT
 

 

    n = moles of hydrogen expected (from #5) 

    R = 8.31kPa L/(K mole) 

    T = room temperature in K from (g) 

    
2HP  = pressure in kPa 

 

 

 

Use sig fig rules. 

 

7. Convert your expected volume in ml, and determine percent yield: 

 

  % yield = %100
exp

2

ected

H

V

V
      

Use sig fig rules. 

 

 

 

 

 

 

 

 

 

 



LHA Laboratory Guide 

Name_______________                                                                         Partner_______________ 

 16 

 

 

8. Why was water vapour mixed in with hydrogen gas? 

 

 

9. Why was the gas burette turned upside down after plugging it? 

 

 

Conclusion:  Write your own and not that of your partner or other 

friend! 

 

 

Things to include in conclusion: 

 What did you accomplish by doing this lab? (Reread the purpose of the 

experiment to find out.) 

 How is the % yield related to the measured volume to the theoretical. 

 Include two possible error sources.  
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LAB 3 Hess Law 

 

Purpose:  In this experiment you find and compare the amounts of heat released in 

three different exothermic chemical reactions and see if they are related by Hess’ Law. 

 

Part 1   Reaction: Solid NaOH dissolves in water and releases heat: 

 

NaOH(s)NaOH(aq) + heat 

 

Procedure  

a.  Using a graduated cylinder, measure 100.0 mL of cool water and 

pour into a beaker insulated by a styrofoam cup. 

b.  Record the initial temperature of the water to 1 decimal place. 

Initial temperature of the water (oC)______________ 

c.  Weigh 2.00 g of NaOH(s.) If you can’t get exactly 2.00 g, just make sure you  record 

your actual mass of NaOH.  Add it to beaker containing the 

water. Stir until all of it has dissolved. 

d.  Watch the thermometer carefully. Take note of the highest 

temperature attained. 

Maximum temperature of the water (oC)____________ 

e.  Discard the solution and rinse the cup and thermometer before 

proceeding with reaction 2. 

 

Part 2  Reaction: Solid NaOH neutralizes HCl acid and releases heat: 

 

NaOH(s) + HCl(aq)H2O + NaCl(aq) + heat 

Procedure  

a. Using a graduated cylinder, measure 100.0 mL of cool HCl (0.500 M) 

and pour into a beaker insulated by a styrofoam cup. Make sure you don’t grab 

1.0 M HCl. 

b.  Record the initial temperature of the dilute acid (HCl) to 1 decimal 

place. 

Initial temperature of the HCl (oC)______________________ 

c.  Weigh 2.00 g of NaOH(s.) If you can’t get exactly 2.00 g, just make sure you  record 

your actual mass of NaOH. Add it to the beaker containing the acid. Stir until all of 

it has dissolved. 

d. Watch the thermometer carefully. Take note of the highest 

temperature attained. 

Maximum temperature of the acid (oC)___________________ 

e.  Discard the solution and rinse the cup and thermometer before 

continuing with reaction 3. 
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Part 3   Reaction: Aqueous NaOH neutralizes acid and releases heat: 

NaOH(aq) + HCl(aq)H2O + NaCl(aq) + heat 

 

Procedure  

a.  Using a graduated cylinder, measure 50.0 mL of cool 1.0 M = 1.00 mole/L 

NaOH solution and pour into a beaker insulated by a styrofoam cup. 

b.  Record the initial temperature of the NaOH solution to 1 decimal 

place. 

Initial temperature of NaOH(oC)_____________ 

c. Measure 50.0 mL of 1.00 M HCl in a graduated cylinder. Measure its 

temperature. 

Initial temperature of HCl(oC)__________________ 

Avg. Initial temperature (oC)___________________ 

d.  Add it to the beaker containing the NaOH. Stir until all of it 

has dissolved. 

e.  Watch the thermometer carefully. Take note of the highest 

temperature attained. 

Maximum temperature of the solution (oC)________________ 

f.  Discard the solution and rinse the cup and thermometer . 

 

Before the end of the period, submit your three pairs of temperature readings   
 

 

 
Reaction  Tinitial Tmaximum

1 

 

  

2 

 

  

3 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Quick-fill Sheet for Lab 1.3 Hess Law    
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Analysis 

 

1. Complete the table below: 
Here we are assuming that the dilute solutions in parts 2 and 3 have the same density as water = 1.00 g/ 

cm
3
. 

Reaction T = 

Tmaximum -

Tinitial 

Q = [mliquid c T 

= 100. g( 4.19 J/[g C]) T 

 

H = - Q n = Moles of 

NaOH 

 

Molar 

enthalpy = 

H/n(apply 

sig figs) 
 

1 

 

     

2 

 

     

3    Use n =C1V1(L)= 

 

 

 
 

2.  (1) NaOH(s)NaOH(aq)      H1/n = ________(recopy 

from above table) 

(2) NaOH(s) + HCl(aq)H2O + NaCl(aq)   

H2/n =____________(recopy from 

above table) 

 

 

target: NaOH(aq) + HCl(aq)H2O + NaCl(aq)    

 

The theoretical H/n for reaction 3(target equation) can be calculated using this simple 

formula(it’s really from Hess’Law: convince yourself:

H3/n = H2/n - H1/n,  

,where H2/n = molar enthalpy for reaction 2 from 

the last column of the above table 

where H1/n = molar enthalpy for reaction 1 from 

the last column of the above table 

 

 

4. Find your % error by doing the following: 

 

 % error = (obtained H3/n - theoretical H3/n ) * 100% =  

    theoretical H3/n 

 

5. Which reaction performed was the most exothermic?___________________ 

 

6. Conclusion:____________________________________________________ 
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Lab 4: Energy in Chemical Reactions 
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Purpose: To see the difference between an exothermic and endothermic reaction 

and to use calorimetry to determine the mass % of LiCl in an unknown 

mixture containing LiCl(s) and KNO3(s) .  

 

Materials: Chemicals: unknown mixture, LiCl(s) and KNO3(s) . 

 Apparatus : spatula, thermometer, 50 mL graduated cylinder, a styrofoam 

cup , weighing boat 

 Instrument: electronic balance 

 

Procedure:  

 

1. Tare a weighing boat.  Weigh out exactly 1.0 g of LiCl. 

2. Pour exactly 50.0 mL of water into a styrofoam cup. 

3. Record the initial temperature of the water. 

4. Add the 1.0 g of LiCl to the water. Stir to dissolve. 

5. Record the maximum temperature. 

6. Clean everything from the above 5 steps. 

 

7. Tare a weighing boat.  Weigh out exactly 1.0 g of KNO3. 

8. Pour exactly 50.0 mL of water into a styrofoam cup. 

9. Record the initial temperature of the water. 

10. Add the 1.0 g of KNO3 to the water. Stir to dissolve. 

11. Record the minimum temperature. 

12. Clean everything from the above 5 steps. 

 

13. Tare a weighing boat.  Weigh out exactly 1.0 g of the unknown. 

14. Pour exactly 50.0 mL of water into a styrofoam cup. 

15. Record the initial temperature of the water. 

16. Add the 1.0 g of the unknown to the water. Stir to dissolve. 

17. Record the minimum/maximum temperature. 

18. Clean everything from the above 5 steps. 

 

Data:  

 

Solid added ( 1.0 g) Initial temperature of 

50.0 ml of H2O 

Final temperature of 

50.0 ml of H2O 

LiCl   

KNO3   

Unknown mixture of 

LiCl and KNO3 
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Analysis: 

 

 

1. Which of the above reactions was exothermic? 

 Write an equation to represent what happened. Remember you dissolved a 

solid which then turned into aqueous ions. 

 

 

 

2. Which of the above reactions was endothermic? 

 Write an equation to represent what happened. 

 

 

 

3. a. Use Q = mc T to calculate the amount of heat that water absorbed 

when LiCl lost it. 

 

 Remember m = mass of water. 

  

 

 

 

 b. Divide this amount of heat by the mass of LiCl used. Make sure 

you include the unit. It's the only thing that changes! (In # 5 we'll refer to 

this amount as W. ) 

 

 

 

4. a. Use Q = mc T to calculate the amount of heat that water lost when 

KNO3 absorbed it. 

 

 

 

 

 

b. Divide this amount of heat by the mass of KNO3 used. Make sure 

you include the unit. It's the only thing that changes! (In # 5 we'll refer to 

this amount as Z. ) 
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5. Find the % of LiCl in the unknown mixture.  

 

Hint 1: 

 let x = grams of LiCl in unknown 

 y = grams of KNO3 in unknown 

 

 xW + yZ = mc T, 

     where W = amount calculated in 3b 

                 Z = amount calculated in 4b 

      m = mass of water 

 T = temperature change caused by unknown 

       

 

 

 

 

Hint 2: You'll need a second equation to solve for x. 

 

 

 

 

 

 

 

 

 

Hint 3:  Once you know x , you can find the mass % of LiCl in the unknown 

mixture. 

 

 

 

 

 

 

Conclusion: 

 

 

 

 

 

 

 

 

 

 

 



LHA Laboratory Guide 

Name_______________                                                                         Partner_______________ 

 24 
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Lab 5: Effect of Temperature and of Surface Area on Rates 

 

Purpose: To examine the effect of temperature and surface area on the following 

reaction: 

 

2 KMnO4(aq) + 5 Fe(s) + 8 H2SO4(aq)   2 MnSO4(aq)  + 5 FeSO4(aq)  + K2SO(aq) 4 + 8 H2O(l) 

    purple        almost colourless 

 

Apparatus and Materials: KMnO4 (0.00160 moles/L acidified with an equal volume 

of 0.01M H2SO4); two iron nails (2 inch finishing nails); 

equal mass of iron filings; three 4 inch test tubes; test tube 

rack ; 10 ml graduated cylinder; hot plate; one 100 ml 

beaker; 250 ml beaker; tap water; stopwatch; thermometer; 

rubber stoppers; clamp to hold test tube in 400 ml beaker 

Procedure: 

 

Part 1:  Effect of Surface Area 
 

1. From the container, transfer 10.0 ml acidified KMnO4 solution into a 10 mL 

graduated cylinder. Then transfer the purple solution into a dry clean test tube. 

2. Weigh one of the nails and then weigh th e same amount of iron filings. Keep 

them separate. 

3. Quickly add the iron filings to the test tube containing the purple KMnO4 

solution. Start the stopwatch and begin to mix immediately and mix it constantly. 

5. Using the data table on the next page, record the time(it’s less than 20 seconds!) it 

takes for the test tube’s purple colour to disappear. It should turn light mud-

brown in colour. 

 

Part 2: Effect of Temperature 

 

1. You’ll find some hot water in a 400 ml beaker on a hot plate. Wait for the water 

to boil. Make sure that at least 300 ml of water is present. 

2. While the water is heating up, use a 10.0 mL graduated cylinder to transfer 10.0 

mL of acidified KMnO4 solution into each of two dry clean test tubes. 

3. Place one test tube into the beaker of boiling water (you’ll need to clamp it) and 

leave the other one in a test tube rack. Record the air temperature. Wait 2.5 

minutes to let the solution reach the same temperature as that of the water. 

4. After 2.5 minutes, record the initial temperature of the hot water. 

5. While starting the stopwatch, quickly and simultaneously drop an iron nail head- 

down into each of the two test tubes. Stir each test tube continuously. 

6. Record the time it takes for the hot tube’s purple colour to disappear and for the 

 first brown colour to appear. Don’t stop the timekeeping 

7. Record the final temperature of the hot tube. 

8. At this point, note the colour of the solution in the test tube at room temperature, 

and keep shaking until the first brown colour appears. Record the time of reaction. 
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Data: 

 

Reaction time for test tube 1 (with filings)  

Initial temperature of hot water   

Final temperature of hot water  

Average temperature of hot water  

Air temperature  

Reaction time for test tube 2 in hot water   

Colour of solution in test tube 3 at room 

temp at completion of reaction for other 

tube(2) 

 

  

 

Analysis: 

 

1. a. Which reaction occurred faster: the one in Part 1(test tube 1)? Or test tube 

3?   

 

 

b. Why? 

 

 

 

 

2. Often each temperature-increase of 10
o
 C doubles the rate of reaction. Assume 

that this rule applies to our reaction and predict how long it would take for the 

reaction in test tube 3 to go to completion. 

 

 

 

 

 

 

3. Now use your actual time for the reaction in test tube 3, and predict how much 

more surface area the iron powder in tube 1 had compared to the iron nail in 

tube 3. 

 

 

 

 

Conclusion: (staple it to this paper) 
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Lab 6: The Rate of Water Flow 

 

Purpose: To graph the rate of water-flow from a buret, to discover how rate varies 

and to learn about instantaneous rate. 

  

Procedure: 

  

1. Fill a buret with water until the meniscus is above the 0.00 mL mark. 

2. Make sure there is no air bubble at the tip of the buret. If there is, open the 

stopcock to let the air out, and repeat step (1). 

3. Be prepared to time this carefully with a stopwatch or digital watch. You'll be 

measuring the volume of water at 10- second 

intervals. Turn the stopcock about 3/4 of the way 

to slowly let water drip out. You should not see a 

stream of water but individual drops falling, and 

you should not have the time to shave in between 

drops. (No offense, ladies.) Your first reading will 

be 0.00 mL at 0.0 seconds. 

  

     

  

     

  

  

  

 One person should constantly watch the buret and call out the volume when 

prompted, while the other person should take note of the 10 s intervals and record 

the volumes. 

  

 Record the results in the data table in INK.  
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Data:  

  

Time (seconds) Volume of H2O that flowed out (mL) 

(1 decimal place due to speed of flow) 

    

    

    

    

    

    

    

    

    

    

    

    

    

    

    

    

    

    

    

    

    

    

    

    

    

    

    

    

    

    

    

    

  

  
If you have no points beyond t = 260 s, you let the water drip out too fast.  

You’ll have to start over!!! 
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Analysis of Data: 

  

1. Find the average rate of water flow in mL/s from t = 0.0 to t = 30. s. (1 mark) 

  

  

  

  

  

2. Find the average rate of water flow in mL/s from t = 120 to t = 180 s. (1 mark) 

  

  

  

  

  

3. Find the average rate of water flow in mL/s for your last 30. seconds. (1 mark) 

  

  

  

  

4. Does the rate change from the interval in question (1) to that of (2)? Why or why 

not? What is physically responsible for this? (2 marks) 

  

  

  

  

  

  

5. Use the graph paper provided to plot all your data. (1 mark) 

  

6. Calculate the instantaneous rate of water flow at t = 160 s. To do this, draw a 

tangent line at t = 160s. Then find the slope of this line. Show work. (2 marks) 
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Conclusion: (4 marks) (1) Answer purpose without repeating it. 

(2) What was the main error source involved in obtaining measurements? 

(3) This was a physical change. But how do chemical reaction rates resemble the way the 

rate of water flow changed in this experiment? 
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Lab 7: Qualitative Aspects of Chemical Equilibrium 

 

Purpose: to see how the following equilibrium can be disturbed with KSCN, 

Fe(NO3)3(aq), and Na2HPO4(aq 

 

  Fe
+3

(aq)  +  SCN
-1

(aq)  = FeSCN
+2

(aq) 

  Light orange     colourless  red 

 

Equipment: petri dish, graduated cylinder, 100 ml beaker, white paper, stirring rod 

Chemicals: 0.0020M KSCN, 0.2 Fe(NO3)3(aq), solid KSCN, Na2HPO4(aq), 

deionizedwater 

 

Procedure:  

 

1. Add about 25 mL (use graduated cylinder) of 0.0020M KSCN ( potassium 

thiocyanate) solution in to a beaker. Add 25 mL of water. Note the colour in your 

data table. 

 

2. Note the colour of Fe(NO3)3(aq) in your data table. 

 

3. Next record the colour of KNO3(aq). 

 

4. At this point you should realize which ion is responsible for the colour of 

Fe(NO3)3(aq) and of  SCN
-1

(aq). 

 

5. Add 5 drops of Fe(NO3)3(aq)  ( a source of Fe
+3

), and wait for equilibrium to 

reestablish itself.   

 

 (You have just created the equilibrium described by the equation in the "purpose" 

by making FeSCN
+2

(aq) ) 

 

  Record the new colour in your data table. 

 

6. Pour equal amounts of the solution from the beaker into four numbered petri 

dishes on white paper. Leave petri dish 1 alone. (This will act as a reference 

solution so that you remember the original colour of the undisturbed equilibrium 

mixture.) 

 

7.  To petri dish 2, add two crystals of solid KSCN, and record your observations. 

 

8. To dish 3, add three drops of Fe(NO3)3(aq), and record your observations. 

 

9. To dish 4, add 6 crystals of Na2HPO4. Record your observations. 
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Data: 

 

STEP ACTION COLOUR OBSERVED 

1 KSCN(aq)  

2 Fe(NO3)3(aq)  

3 KNO3(aq)  

5. Fe
+3

(aq) + SCN
-1

(aq) = 

FeSCN
+2

(aq) 

 

7. Adding solid KSCN 

to above 

equilibrium 

 

8. Adding Fe(NO3)3(aq) 

to above 

equilibrium 

 

9. Adding 

Na2HPO4(aq) to 

above equilibrium 

 

 

Analysis: 

 
In steps 7, 8 and 9, you disturbed the equilibrium on three separate occasions. Explain your 

observations by mentioning what is going on at the molecular level. Why is one reaction favoured 

over the other? Don’t just write” forward reaction is favoured”. Fully explain the colour changes. 

 

Adding solid KSCN 

to above 

equilibrium 

 

 

 

 

 

 

 

Adding Fe(NO3)3(aq) 

to above 

equilibrium 

 

 

 

 

 

Adding 

Na2HPO4(aq)  to 

above equilibrium 

 

 

 

 

 

 

 
Conclusion: In three sentences (no more, no less), summarize the effect of the 3 chemicals 

used to disturb the equilibrium (include equation) in the purpose. 
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Lab 8: Quantitative Aspects of Chemical Equilibrium 

 

Purpose: To calculate the equilibrium constant for the equilibrium  

Fe
+3

(aq) + SCN
-1

(aq) = FeSCN
+2

(aq) 

 

Procedure:  

 

1. Line up five clean test tubes and label them 1, 2, 3, 4, and 5. 

2. Add 5.0 ml of 0.00200 M KSCN to each of the five test tubes. 

3. To test tube 1, add 5.0 ml of 0.200 M Fe(NO3)3. 

4. Measure 10.0 ml of 0.200 M Fe(NO3)3 in your larger graduated cylinder. 

5. Now to the same cylinder, add 15.00 mL of water to get to the 25.0 mL mark. 

6. Pour the 25.0 ml mixture into a clean beaker and stir. 

7. From the beaker, measure out 5.0 ml with a small gr. cylinder and pour it into 

test tube 2. Save the rest of the beaker-solution for the next step. 

8. Take 10.0 ml of the beaker’s remaining 20.0 ml and pour (10.0 ml) into a 

clean graduated cylinder. 

9. The rest of the beaker’s solution should go down the drain, and clean the 

beaker. 

10. Add 15 ml of water to the graduated cylinder until you reach the 25.0 ml mark 

11. Pour into a clean beaker to mix. 

12. From the beaker, measure 5.0 ml with a small gr. cylinder and pour it into test 

tube 3. Save the rest of the beaker-solution for the next step. 

13. Take 10.0 ml of the beaker’s remaining 20.0 ml and pour it into a graduated 

cylinder. 

14. The rest of the beaker’s solution should go down the drain, and clean the 

beaker. 

15. Add 15 ml of water to the graduated cylinder until you reach the 25.0 ml mark 

16. Pour into a clean beaker to mix. 

17. From the beaker, measure 5.0 ml with a small gr. cylinder and pour it into test 

tube 4. Save the rest of the beaker-solution for the next step. 

18. Take 10.0 ml of the beaker’s remaining 20.0 ml and pour it into a graduated 

cylinder. 

19. The rest of the beaker’s solution should go down the drain, and clean the 

beaker. 

20. Add 15 ml of water to the graduated cylinder until you reach the 25.0 ml mark 

21. Pour into a clean beaker to mix. 

22. From the beaker, measure 5.0 ml with a small gr. cylinder and pour it into test 

tube 5. 

23. With an eyedropper, remove solution from test tube 1 until it matches the 

colour of test tube 2, as viewed from the top. You should take out more than 

enough so that the colour actually looks lighter in test tube 1, and then add 

back slowly until you get a matching colour.  

24. Record the height of both tube 1 and 2= n, and express as a ratio of h1/hn. BE 

CAREFUL WITH THE RULER. Some do not star at zero. 
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25. With an eyedropper, remove solution from test tube 1 again until it matches 

the colour of test tube 3, as viewed from the top. You should take out more 

than enough so that the colour actually looks lighter in test tube 1, and then 

add back slowly until you get a matching colour.  

 

 

 

 

26. Record the height of both tube 1 and 3 = n, and express as a ratio of h1/hn. 

 

27. With an eyedropper, remove solution from test tube 1 again until it matches 

the colour of test tube 4, as viewed from the top. You should take out more 

than enough so that the colour actually looks lighter in test tube 1, and then 

add back slowly until you get a matching colour.  

 

28. Record the height of both tube 1 and 4 = n, and express as a ratio of h1/hn. 

 

29. With an eyedropper, remove solution from test tube 1 again until it matches 

the colour of test tube 5, as viewed from the top. You should take out more 

than enough so that the colour actually looks lighter in test tube 1, and then 

add back slowly until you get a matching colour.  

 

30. Record the height of both tube 1 and 5 = n, and express as a ratio of h1/hn. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Remember that you always remove liquid from test tube 1 only.  
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Data and Analysis: 

 

Remember that you always remove liquid from test tube 1 only. Complete column C 

with your experimental data, and then fill out the rest of the columns by carrying out the 

appropriate calculations. 

     

Fe
+3

(aq) + SCN
-1

(aq) = FeSCN
+2

(aq)  

 

 A B C D E F  

Test 

Tube

(n) 

[SCN
-1

]ini [Fe
+3

]ini Htube1/

Htube n 

[FeSCN
+2

]equi 

=0.001*C 

[Fe
+3

]equi 

= B- D 

[SCN
-1

]equi 

= A- D 

K 

2 0.001 0.080  

 

 

 

 

   

3 0.001 0.032  

 

 

 

 

   

4 0.001 0.0128  

 

 

 

 

   

5 0.001 0.00512  

 

 

 

 

   

      average  

 

Because you are “eyeballing” the colour intensities, expect large deviations for K. If this 

experiment had been done with pipettes and a spectrophotometer, you would have a 

much smaller error. 

 

1. What is the initial concentration of FeSCN
+2

(aq) assumed to be? 

 

 

 

 

Conclusion: 
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Lab 9: Titration of a Weak Acid with a Strong Base to find KA    

   

 

Purpose: To neutralize a weak acid of unknown concentration with NaOH and to 

calculate the KA of the weak acid. 

 

Procedure: 

 

1. Make sure that the plastic handle on the burette makes a 90
o
 angle with the glass 

column--in other words, it has to be closed. 

 

2. Place a funnel in the burette(or if no funnel is available, use the dropper bottle), 

and slowly pour out 0.10 M solution of NaOH until the volume is a bit above 0.00 

mL. 

 

3. Let out some NaOH into a waste beaker until it reads 0.00 mL. The purpose of 

this step is to fill any air bubbles at the tip of the burette. 

 

4. a. Into an erlenmeyer flask, carefully measure 20.0 mL of HCH3COO using 

a burette.  

 

b. Measure the pH of the acid with pH paper. 

 

 

 

5. Add 2 drops of phenolphthalein indicator to the HCH3COO in the erlenmeyer 

flask. Swirl to mix. 

 

6. To the same erlenmeyer, begin your titration by adding NaOH from the burette, 

slowly, drop by drop, until a permanent light pink colour appears. Swirl the flask 

continuously. 

 

 

7. Record the volume of NaOH needed to neutralize the acid. 

 

V =Volume of NaOH (mL)  

 

Analysis: 

 

1. Write an equation to show what happens when NaOH neutralizes HCH3COO. 

 

 

2. Use moles = CV (C = concentration of NaOH) to find out the number of moles of 

NaOH that were needed to neutralize the HCH3COO. 

 

 

pH of acid =  
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3. Using the molar ratio from equation 1, calculate the number of moles of 

HCH3COO present in the acidic solution at equilibrium. 

 

 

 

 

4. Divide that number of moles by the volume used (see step 4a) to get the 

concentration of the acid. 

 

 

 

 

 

5. The calculated concentration of the acid is the equilibrium concentration of 

HCH3COO. Use this information and the pH from step 4b to calculate Ka. pH will 

correspond to the equilibrium concentration of H
+1

. 

 

  

HCH3COO(aq) = H
+1

(aq) + CH3COO
-1

(aq) 

 

 HCH3COO H
+1

 CH3COO
-1

. 

moles/L at 

equilibrium  

 

 

 

  

 

 

Use sig figs!: KA =  

 

 

 

 

Conclusion: 
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Lab 10: The Stoichiometry of a Redox Reaction 
 

Purpose:  To relate the visible changes that occur when CuSO4(aq) reacts with 

elemental iron(Fe) to the principles of oxidation and reduction. 

 

Materials: CuSO4(aq) (1.0 M); 3 non-galvanized iron nails; 25 ml gr. cylinder; 150 ml 

beaker; electronic balance; paper towels; tongs; wash bottle 

 

Procedure: 

 

1. Using a graduated cylinder, pour 25.0 mL of CuSO4(aq) into a beaker. 

2. Using an electronic balance, carefully find the mass of 3 dry, clean iron nails. 

3. Record the mass in the data table. 

4. Add the 3 nails to the blue solution of copper sulphate. 

5. During a period of 10 minutes, you have to fill the table on next page with 

observations AND relate each observation to the redox reaction between 

CuSO4(aq) and Fe.  

 

Hint: an element and a water-soluble compound containing Fe
+2

 are formed. 

 

6. Remove the nails from the beaker with tongs, and gently scrape and rinse 

them well to get rid of the brown solid. 

7. Dry them with paper towels. 

8. Find and record the mass of the dry nails in the data table.  

 

 

 

 

 

More Analysis 

 

1. Using your data, calculate the amount of iron that reacted, and then predict the 

amount of CuSO4(aq), in grams, that reacted. 

 

 

 

 

 

 

 

 

2. Calculate the amount of copper that would have formed if you had enough 

CuSO4(aq),  to completely consume the 3 iron nails. 
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Data and Observations: 

 

Analysis: (explain observations) 

 

Initial mass of the Fe 

nails=________________ 

 

 

Original colour of 

solution=___________________ 

 

 

 

Colour of nail after 3 minutes 

=__________________________ 

What’s forming? Show a half-reaction, and identify it as 

either an oxidation or reduction. 

 

 

 

 

Colour of solution after 4 minutes 

=_____________________ 

 

 

 

 

Colour of solution after 10 

minutes=_____________________ 

 

 

Other observation(s) 

 

 

 

 

 

 

 

Mass of the Fe nails after 10 

minutes=_______________ 

Why does the mass decrease? Show a half-reaction, and 

identify it as either an oxidation or reduction. 

 

 

 

 

 

 

 

 

Conclusion: 
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Purpose: To build an electrochemical cell with Zn, Cu and the appropriate solutions, to 
measure its voltage and to find ways of increasing it. 

 
 
 
Procedure: 

 
 

1. Add 0.5 M CuSO4(aq) or Cu(NO3)2(aq)  solution to a 100 mL beaker until it is half-full. Place 
a clean strip of copper into the solution, and connect it to the positive end of the 
voltmeter. 

2. Take a second beaker and fill half of it with Zn(NO3)2 solution. Place a clean strip of zinc 
into the solution, and connect it to the negative end of the voltmeter. 

3. Get the salt bridge ready by filling a U-tube with an electrolyte. Seal both ends with 
cotton, and try to minimize the amount of air in the tube. 

4. Record the voltage. 
 

Voltage 
reading(use 
one 
estimated 
figure; include 
unit) 

 

 
5. On the next page, record any changes observed in the next 5 minutes. Try lifting the salt 

bridge out of the solution, and then placing it back in. 
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6. Use the multi meter to record current____________ 

 
7.  If you noticed no changes yet, why do you think that 

is?_______________________________________________________________ 
 
8. Try connecting your cell and that of your neighbour’s in a way that increases 

voltage. What voltage is recorded ?__________________ 
 
9. 5Ǌŀǿ ǘƘŜ ǎŜǘǳǇ ƻŦ ȅƻǳǊ ōŀǘǘŜǊȅ όǘƘŜ ǿŀȅ ƛǘΩǎ ŎƻƴƴŜŎǘŜŘ ǘƻ ȅƻǳǊ ƴŜƛƎƘōƻǳǊΩǎΦύ 

¢ŜŎƘƴƛŎŀƭƭȅ ǘƘŀǘΩǎ what a battery is: two or more connected cells. 
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Analysis: 
 
1. a. What metal served as the anode?________________________________ 
 

b.  What in the experiment revealed what the anode 
 was?________________________________________________________ 

 
2. Write the two half-reactions that occurred: 
 
 __________________________________ 
 
 
 __________________________________ 
 
3. Write the overall balanced reaction. 
 

__________________________________________________________________ 
 
4. Was there any voltage before inserting the salt bridge?_________________ 
 
 
 
5. Use the measurement of  current flowing through your electrochemical cell. Keeping in 

mind that exactly 1A = 1C/s, and that every mole of electrons has a charge of 96 400 C, 
how many hours would you have to wait before you saw 1.0 g of copper at the cathode? 

 
 
 
 
 
 
 
 
 
 
Conclusion: 

 

 

 

 

An Ox=  

anode = oxidation   
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Lab 12:  The Generation of Oxygen Gas  

  

  

Purpose: The purpose of the lab is to devise a procedure for collecting 

oxygen gas, to carry out the experiment and verify if oxygen gas 

was indeed produced. 

  

    

Chemicals allowed: MnO2
 
(enough to cover the bottom of the flask). MnO2 is a catalyst 

that speeds up the breakdown of H2O2 

   100.0 mL of H2O2, 3% mass/volume 

   tap water to place inside the metal tank or large beaker 

  

Materials allowed: 100 ml graduated cylinder 

250 ml erlenmeyer flask 

   18 to 20 inches of rubber tubing 

   rubber stopper for flask 

   metal tank to serve as water reservoir 

   thermometer 

   3 large test tubes 

   wood splint 

   matches 

   spatula 

   clamp and stand 

  

Report: (use loose leaf)  

  

(1) Write the procedure in numbered steps, and ..... 

(2) ...draw your experimental setup. 

(3) In the data section record all your observations in a table. Also include important 

measurements such as temperature measured to 1 decimal place and atmospheric 

pressure. Leave out interpretations. 

(4) In the analysis, use PV = nRT to estimate the maximum volume of oxygen that 

could have been generated from 100.0 ml of 3 % H2O2 at the measured 

temperature and pressure. 

  

 The equation is 2 H2O2(l) --> O2(g) + 2 H2O(l) The black powder is not included in 

the equation because it was a catalyst, which is recycled in the reaction. 

  

(5) In the conclusion, briefly summarize how oxygen gas was generated and whether 

it was actually produced. How did you know if oxygen was actually in the tubes? 
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