
Crescent School 
AP Chemistry 
 

A STUDY OF THE RATE OF THE REACTION OF  
CHLORINE BLEACH WITH BLUE DYE 

 
INTRODUCTION 
The purpose of this experiment is to determine the reaction order and the rate constant for 
the reaction of a food colourant (FD & C Blue #1) and sodium hypochlorite solution 
(household bleach). 
 
The reaction is represented as: 
 

bleach  +  blue dye  →   products.   (eq’n 1) 
 

The rate law equation for eqn (1) is 
 
  rate  =  k[bleach]m[blue dye]n.   (eq’n 2) 
 
In this experiment we will determine the values for m, n and k. That is, we will 
determine the reaction order of each reactant as well as the rate constant for the reaction 
at room temperature. 
 
Since the bleach and the products are virtually colourless, and the total reaction time is 
under 5 or so minutes, the progress of the reaction can be followed using a Spec 20. 
 
OVERVIEW  OF  THE  EXPERIMENT 
The disappearance of the colour of the blue dye  (at 630 nm) as a function of time will be 
followed using the Spec 20. 
 
The blue dye obeys the Beer-Lambert Law (eq'n 3) over the concentration range in this 
experiment. 
 
  A= l∙c∙ε      (eq'n 3)  
 
HOW  DO  WE  DETERMINE  THE  VALUES  OF  m, n  and  k? 
You will run two trials of this reaction, both with constant [blue dye].  
 
Therefore, eq’n 2 reduces to 
 

rate = kobs[blue dye]n     (eq’n 4) 
 
   where kobs = k[bleach]m.    (eq’n 5) 
 
  and kobs is the experimentally observed rate constant. 



You will record %T as a function of time. Enter your data into an EXCEL spreadsheet. 
Convert %T to absorbance (A) using the equation  
 
  A = –log(%T/100)     (eq'n 6) 
 
You can convert A to [blue dye] with the Beer-Lambert Law (eq'n 3) and the molar 
absorptivity value for the blue dye at 630 nm. (ε = 1.38 x 105 cm–1mol–1L ) 
 
HOW TO USE THE EXPERIMENTALLY OBTAINED DATA FROM THE SPEC 20 

TO DETERMINE REACTION ORDER 
 
First Order  Reaction 
If the reaction is first order in blue dye, the rate law equation will be 
 

rate  =  kobs[blue dye]1     (eq’n 7) 
 
where kobs is the experimentally observed  rate constant. 
 
The integrated rate law equation for a first order reaction (determined by integrating 
eq’n 7) is 
 

ln[blue dye]t  =  –kobst  +  ln[blue dye]o  (eq’n 8) 
 
where t = time, 
[blue dye]o = [blue dye] at time = 0 and 
[blue dye] t = [blue dye] at any time, t. 
  
If we compare (eq’n 8) to the equation of a straight line 
 
.  y        =     mx   +  b     (eq’n 9) 
 
we can see that a plot of ln[blue dye] (on y axis) versus time will yield a straight line 
whose slope = – kobs. 
 
Second Order  Reaction 
If our reaction is second order with respect to blue dye we have the rate law equation 
 
rate = kobs[blue dye]2       (eq’n 10) 
 
The integrated form of (eq’n 10) is  
 
1/[blue dye]  =  kobst  +  1/[blue dye]o    (eq’n 11)   
 
If we compare this to the equation of a straight line (eq’n 9), we see that for  a second 
order reaction, a graph of  1/[blue dye] versus time will be linear, with slope = kobs. 
 



Therefore , in order to determine the reaction order of blue dye, we simply plot two 
graphs: 
 

• to see if reaction is first order in [blue dye] —  plot ln[blue dye] vs t, and 
• to see if reaction is second order in [blue dye] — plot 1/[blue dye] vs t. 

 
Whichever graph is linear indicates the order of the reaction. The slope of the graph 
indicates the value of  kobs for that trial. 
 
PROCEDURE 
Make sure that the Spec 20 has been warmed up for at least 15 minutes. Set it to 630 nm 
and calibrate the machine at 0%T (cuvette holder empty; use left hand knob) and 
at100%T (cuvette filled with distilled water; use right hand knob). 
 
You must carry out two trials, measurements need to be as precise as possible. 
 
Tr ial #1: Add 12.00 mL of blue dye solution from a buret to a dry 50 mL beaker. To 
another dry beaker, add 1.0 mL of bleach, also from a buret. When ready, quickly mix the 
bleach with the blue dye solution by pouring the beaker contents back and forth a few 
times. Then pour the solution into a cuvette and inserted the calibrated Spec 20 (630 nm). 
Record %T every 15 seconds; don’ t forget to estimate the decimal place.  
 
In tr ial #2, 12.00 mL of blue dye solution will be added to 0.50 mL of NaCl solution 
(whose molar concentration must be the same as the concentration of NaOCl in bleach) 
and 0.50 mL of bleach.  The equimolar solution of NaCl is used to maintain the same 
total ion concentration (i.e. ionic strength) between the two trials.  
 
Note: Chemists normally take into account the final value of A in each trial. For 
simplicity, we’ ll omit this step. 
 
DATA ANALYSIS 
When the two trials are complete, convert  %T  →  A  →  [blue dye] for each trial. For 
each trial, plot the two graphs indicated above. Whichever graphs are linear graph will 
tell us the order of the reaction with respect to blue dye (i.e. if “n”  = 1 or 2) and the value 
of kobs. 
You will now have a unique value of kobs for each trial and the value of “n” . 
 
Since we complete two different trials, each with the same [blue dye] but with a different, 
but known, [bleach], we will have two different eq’n 3s.  Recall 
  
 
rate = kobs[blue dye]n     (eq’n 4) 
 
where kobs = k[bleach]m    (eq’n 5) 
 
 



Solving (eq’n 4) for these two variables (k, m) in two simultaneous equations (hello 
mathematics!) will give us the rate constant, k, and the exponent “m”. Round your value 
of “m” to the nearest integer. Substitute the rounded value for “m” into each equation, ie. 
for trial 1 and for trial 2. (How should the k values for trial 1 and for trial 2 compare?) 
Report the average value of k, with proper units and to the correct number of significant 
digits. 
 
Finally, state the overall rate law equation for the reaction of bleach with blue dye. 
 
That is: rate  =  _____ [blue dye]n[bleach]m at room temperature 
 
RECAP FOR A SUCCESSFUL EXPERIMENT 

• The blue dye (FD & C #1) has an absorbance maximum at 630 nm. 
• We will supply you with a solution of the food dye. (We use 18 drops of “Club 

House”  Brand blue food colouring per litre of solution. The blue colouring comes 
in a set of four different food colours, available at the supermarket.) 

• The blue dye follows the Beer-Lambert Law.   
• We will assume that ε = 1.39 x 105 cm–1mol–1L for the blue dye at 630 nm.1 
• Work as accurately, quickly and consistently as possible. After mixing the 

reactants in a beaker, get the solution into a cuvette and into the Spec 20 right 
away. 

• Household bleach is 6.0 % (m/v) NaOCl(aq), but we dilute the bleach by a 
factor  of two. Convert this to a mol/L concentration of sodium hypochlorite, in 
the 2X diluted bleach.  

• We have for you an equimolar solution of NaCl (to the diluted bleach solution). 
• Any solution left over after filling the cuvette should be placed in a small beaker 

on top of a white piece of paper, next to the Spec 20.  This will let you visually 
follow the reaction. 

• You can’ t record too many data points.   
• When %T = 90%, stop recording; you’ve reached the sensitivity limit of the Spec 

20. 
• Get your hands on a notebook computer and enter data into a prepared EXCEL 

spreadsheet as you collect it. If you have the graphs set up before hand, you’ ll see 
the graph develop as you enter data, which is super-cool. 

 

                                         
1 SB Sigman and DE Wheeler* , J Chem Ed, 81, 10, p 1477 



PRE-LAB QUESTIONS (Answer on a separate sheet) 
These pre-lab questions will help you with some of the calculations that you will need to 
do in this experiment. To get full value out of the questions, read this entire handout 
before beginning. We’ ll take up and mark these questions immediately before we begin. 
 
1. Convert 6.0 % (m/v) NaOCl(aq) to mol/L. Convert this to the mol/L concentration 

of the 2X diluted bleach. { PS, 2}  
 
2. For each of trials 1 and 2, determine [NaOCl], in mol/L, at the start of the each 

reaction—that is, immediately after mixing, but before any reaction can occur.. 
{ PS, 6}  

 
3. If we want [bleach] to decrease by a factor of two between trials 1 and 2, why 

don’ t we simply use 12.0 mL blue dye and 0.50 mL  bleach in trial 2?   
{ K/U, 1}  
 

4. 2.00 mL solution of CoCl2 (ε =  4.53 cm–1mol–1L) is diluted to a total volume of 
14.00 mL. It is then placed in a Spec 20 and its transmittance read to be 28.2% . 
What is the [CoCl2] in mol/L and %(m/v) of the original (before dilution) 
solution? {P, 3}  

 
5. Solve the equation 
  
  p  =  x(b)y 
 
 for x and y given: 
 
 when i.  p = 15.5, b = 3.7 
  ii. p = 2.74, b = 3.7/2     { PS, 5}  
 
SUBMIT A BRIEF LAB REPORT INCLUDING: 
 
DESCRIPTIVE TITLE FOR THE EXPERIMENT 
ABSTRACT 
THREE GRAPHS PER TRIAL : [BLUE DYE] VS TIME, LN[BLUE DYE] VS TIME, 1/[BLUE DYE] 
VS TIME . PROVIDE A DESCRIPTIVE TITLE FOR EACH GRAPH—NOT SIMPLY “ Y”  VS “ X” . 
PUT ALL SIX GRAPHS ON ONE PAGE. 
CALCULATIONS (DATA ANALYSIS—PREVIOUSLY IN THIS HANDOUT) CLEARLY LAID OUT. 
DETERMINE THE RATE CONSTANT FOR BOTH TRIALS AND PROVIDE AN AVERAGE VALUE 

FOR k WITH PROPER UNITS.) 
CONCLUSION(S) Be sure to specify the units of the rate constant, k, and make reference to 
the temperature of the experiment. 

—fin— 
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Thought Lab: Determination of the ∆Hvap of Water 
 
NB. Do not turn the page over until you are asked to do so. 
 
Introduction 
Imagine water boiling in an electric kettle.  
 
What is the temperature of the boiling water?   __________________________________ 
 
What will happen if you unplug the kettle? _____________________________________ 
 
So what’s happening on the molecular level? Why does the temperature of boiling water 
remain constant even when the kettle is plugged in?  
 
 
 
 
 
 
The purpose of this experiment is to determine the enthalpy change associated with the 
boiling of water. 
 

H2O(l)  +  energy  �  H2O(g); energy  =  ∆Hvapourization 

 

Is the ∆Hvap of a compound exothermic or endothermic?  _________________________ 
 
 
The Experiment 
Design a procedure to determine the ∆Hvap of water at 100oC. You have a 1000W electric 
kettle and any other standard laboratory equipment. Answer in point form: 
 
 
 
 
 
 
 
 
 
 
 
The wattage of an electric kettle is stated on the bottom of the kettle. What does the 
manufacturer of the kettle not tell us regarding its energy use? _____________________ 



Determination of the Efficiency of an Electric Kettle used to Heat Water 
In point form, write a procedure to determine the efficiency of an electric kettle used to 
heat water. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
How would you use the efficiency of the kettle in your calculations for the determination 
of the ∆Hvap of water at 100oC? 
 
 
 
 
 
 
 
 
 
 
 
 
 



Crescent School 
AP Chemistry     name ______________________________ 
 

Thought Lab: Determination of the ∆Hvap of Water 
 
Your assignment: 
1. Use the empirical data below, obtained by the teacher, to calculate: 
 i. the efficiency of an electric kettle used to heat water. (c = 4.184 Jg–1oC–1);  
  { PS, 3}  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 ii. the actual power of the kettle. 
 
 
 iii. the ∆Hvap of water at 100oC in kJ/mol.  { PS, 3}  

Data for the Determination of the ΔHvap of water at 100oC 
mass of water vapourized at 100oC(g)  60

actual power of kettle (W) (see ii above)  
boiling time (s)  180

 
 
 
 
 
 
 
 

Data for Determination of the Efficiency of 
an Electric Kettle Used to Heat Water 
   
mass of water heated (g)  719
initial Temp (oC)  25.2
final Temp (oC)  71.5
heat time (s)  180
power of kettle (W)  1000
 



2. The accepted value for the ∆Hvap of water at 100oC is 40.7 kJ/mol.    
 Calculate the percentage error in the value obtained here. Comment briefly on its 

accuracy. { PS, 2}  
  
 
 
 
 
 
 
 
3. Would you expect the ∆Hvap of water at 25oC to be higher or lower or the same 
 as the ∆Hvap at 100oC? Explain briefly.  { K/U, 2}  
 
 
 
 
 
 
 

4. a)  What is the maximum number of hydrogen bonds that a molecule of liquid 
water can form? Illustrate your answer with a diagram.  

 

 

 

 

  

 b)  Research over the past 20 years suggests that the number of hydrogen bonds in 
100oC water is somewhere between 2 and 3ish. Calculate the strength of a 
hydrogen bond in boiling water (kJ/mol) if each molecule of water is involved in 
2.6 hydrogen bonds at 100oC. [cf. http://en.wikipedia.org/wiki/Hydrogen_bond] 

 
  



5. Draw a temperature (y-axis) versus time graph corresponding to the heating of a 
 block of ice, initially at –10oC, to 110oC. Label each segment of the graph as to 
 what is happening to the water, Assume the input of energy occurs at a 
 constant rate.  { C, 5}  
 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

—fin— 
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Practice Questions: ∆Hfusion  
 
The molar enthalpy of fusion, ∆Hfusion, of a substance, X,  is the amount of energy required to 
change 1 mol of X(s) at its fp/mp to 1 mol of X(l) at its fp/mp.  
 

X(s)  +  enthalpy of fusion  →  X(l)   
-------------------------------------------------------------------------------------------------------------------- 
1. The heat of fusion of glacial (pure) acetic acid, CH3CO2H (fp/mp = 16.7oC;  
 bp = 118oC) is 192 J·g–1; its specific heat capacity is 2.18 J·g–1·oC–1.  
 a)  Calculate the molar enthalpy of fusion for acetic acid. { PS, 2}  
 
 
 
 
 
      ∆Hfusion of acetic acid  =  ________________ 
 b)  Calculate the amount of energy (kJ) required to heat 100 g of solid acetic acid at    
 16.7oC to liquid acetic acid at 67.5oC. { PS, 3}  
 
 
 
 
 
      amount of energy  =  ___________________ 
 c)  If you use a 150 W hot plate, how long would you need to heat the sample in part (b)?
 { PS, 2}  
 
 
            time  =  ________________ 
2.  After a winter storm, the padlock to your garage door is covered in ice. If there are 80 g of 
 ice at –15oC on the lock, how long will you need to use a 1500W blow dryer, which 
 operates at 15% efficiency, to turn the ice into water at 1oC?   
 (specific heat capacity of ice  =  2.05 J·g–1·oC–1, ∆Hfusion of ice = 6.02 kJ/mol,  
 cliquid water = 4.184 J·g–1·oC–1)           { PS, 5}  
 
 
 
 
 
        time  =  __________________ 
Answers:  #1. (a) 11.5 kJ; (b) 30.3 kJ; (c) 202 s @ 100% efficiency;  #2. 1.3E2 s 

 
—fin— 
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AP Chemistry     name ______________________________ 
 

Thought Lab: Determination of the ∆Hfusion of Water 
   
The Thought Lab: Determination of the ∆Hvap of Water, completed previously &  
the ∆Hfusion questions overleaf will be very useful in completing this assignment. 
 
The molar enthalpy of fusion, ∆Hfusion, of water is defined as the amount of energy required to 
change 1 mol of ice at 0oC to 1 mol of water at 0oC.  
 

H2O(s)  +  enthalpy of fusion  →  H2O(l)   
 

Your job, should you choose to accept it, is to calculate the molar enthalpy of fusion of water 
from the following data, obtained in our lab by Mr J. The heat source for the experiment was an 
electric hot plate; the container was a 1-L beaker. 
  
In the revenge-is-a-dish-best-served-cold department, Mr J has not titled his data tables.  
 
1.  Provide a descriptive title for Tables 1 and 2 below. { C, 2}  Attach a separate sheet with the 
answers to questions 2 and 3. 
 
Table 1: ______________________________________________________________ 
 
mass of water heated (g) 373.5  
initial temperature of water (oC) 29.8 
final temperature of water (oC) 42.5 
heating time (s) 137 
 
Table 2: ______________________________________________________________ 
 
mass of water heated (g) 370.0 
initial temperature of water (oC) 5.5 
mass of ice added to water immediately before heating (g) 22.0 
initial temperature of  ice (oC) 0.0 
final temperature of water and melted ice (oC) 30.0 
heating time (s) 331 
 
2.  Provide a neat, well organized, annotated set of calculations to arrive at the ∆Hfusion for 
water. Answer to the appropriate number of significant digits and with the proper units. { PS, 10}  
 
3.  The accepted value for ∆Hfusion of water is 6.02 kJ/mol. Calculate the % error in your 
calculated value. { PS, 2}  
 
 
 

—fin— 
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ThoughtLab–Method of Initial Rates:  
How does the Rate of a Reaction  

Depend on Concentration?1 
 
Introduction 
In this ThoughtLab you will examine and interpret the data for an experiment that studied 
the effect of [hydrochloric acid] on the rate of the reaction 
 

Mg(s)  +  2 HCl(aq)  �   MgCl2(aq)  +  H2(g). 
 
 
The method of initial rates was used. That is, a small quantity of Mg was reacted with 
excess HCl(aq) of varying concentration. The time for this quantity of Mg to completely 
react was recorded. You can convert this reaction time to an initial rate of the reaction. 
Refer to your textbook or class notes for a refresher on the method of initial rates.  
 
 
The rate law equation for this reaction is 
 
rate  =  k[Mg]p[HCl]q.   (eq’n 1) 
 
Since we will use a piece of Mg of constant size in all trials, we can reduce eq’n 1 to 
 
rate  =  kobserved[HCl]q  (eq’n 2) (where  kobserved  =  k[Mg]p) 
 
Typical values for y are 0, 1, 2 or even 3. In some cases, higher integer values and even 
fractions are possible. 
 
 
Purpose 
To determine the value of the exponent (q) in the equation 
rate  =  kobserved[HCl]q by measuring the time for a small piece of Mg to react. 
 
Impor tant Mater ials Used 
6 - 3 cm pieces of cleaned Mg ribbon, 2.0 mol/L HCl, graduated cylinders, 
timing device. 

                                                           
1 Laboratory courtesy of Leslie Barton, retired from Toronto French School. 
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How does the Rate of a Reaction Depend on Concentration? 
 
1. Prove that the HCl solutions used in this experiment, even in the most dilute 

solution used, is in large excess compared to the amount of magnesium reacted.  
Refer to Table 1 below.       { PS,        /3}  

 
 
 
 
 
 
 
 
 
 
 
 
 
2.  a)  In what way will the rate of this reaction depend on [HCl] if q = 0? (See eq’n 2 

above.)  Include a sketch of rate (y-axis) versus [HCl] (x-axis). Label the axes; 
include proper units.      { K/U,         /2}  

 
 
 
 
 
 
 
 
 
 
  b)  If rate = kobs[HCl]1, sketch a graph of rate versus [HCl], as above.  { PS,       /2}  
 
 
 
 
 
   



c)  If rate = kobs[HCl]2, sketch a graph of rate versus [HCl], as above. { PS, 2}  
 
 
 
 
 
 
 

d)  If rate = kobs[HCl]2, sketch a graph of rate versus [HCl]2, on the x-axis. { PS, 2}  
 
 
 
 
 
  
 
3.  a) Complete the following table pertaining to the solutions used in this 

experiment. 
 Table 1. Reaction Time &  Concentration Data for  Mg(s) +  HCl(aq) rxn2 
 

trial volume of 2.0 
mol/L HCl(aq)  
(mL) 

volume of water 
added to 
the 2.0 mol/L HCl 
solution (mL) 

total 
volume 
of 
HCl(aq)  
(L) 

[HCl]  
(mol/L) 

time req’d 
for 0.039 g  
of Mg to 
react (s) 

1 60 0   29 
2 50 10   37 
3 40 20   59 
4 30 30   138 
5 20 40   310 
6 10 50   757 

 
 b) Enter the above data into EXCEL. Add a final column where you calculate the 

initial rate of the reaction (include proper units). Plot graphs as outlined in 
question 2. In each case, have EXCEL determine the equation of the best fit line 
and the corresponding R2 value. Attach your graphs, along with the reasoning you 
used to arrive at a value of “q”  kobs in eq’n 2. 

 rate  =  _______ *  [HCl]
□ 

your value of “q”  goes here 

 
 your value for kobs (with proper units) goes here 

                                                           
2 Experiment performed by Andrew Pak and David Wright, class of 2012, Chemistry Education Research 
Group, January 2011 



4.  a)  How do you expect the value for “q”  and kobs to be affected if an equivalent 
mass of powdered magnesium were used in place of magnesium ribbon? {C,    /2}  

 
 
 
 
 
 
 
 
 
 

b)  Explain why cutting a piece of magnesium ribbon in half with a pair of 
scissors has essentially no effect on the time of the reaction. Including a diagram 
in your answer may be helpful.      { K/U,       /2}  
 
 
 
 
 
 
 
 
 
 
 
 
 
c) If q = 3, sketch a straight line graph, with axes labelled, that would support  
this.        { PS,        /2}  
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 

—fin— 
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A Study of the Rate of Burning of a Candle 
 
Introduction 
In this investigation you will study the rate of burning of a candle as a function of the 
mass of the candle and as a function of the concentration, or partial pressure of O2(g). 
 
As you know from our study of the burning of a candle in 11 Chemistry, it is wax 
(average formula C25H52), in the vapour phase, that burns.  
 
Therefore, the (unbalanced) equation for the complete combustion of candle was is  
 
wax(g)  +  O2(g)  �  CO2(g)  +  H2O(g)     (eqn 1) 
 
In this investigaton, we will focus on the effect of solid wax—not the vapour. Hence the 
equation 
 
wax(s)  +  O2(g)  �  CO2(g)  +  HOH(g)      (eqn 2) 
 
The rate law equation for this reaction is 
 

rate  =  k•(solid wax)x 
• [O2]

y      (eqn 3) 
 
In our lab we will burn the candle in air, in which [O2] is constant. Therefore, we can 
reduce eqn 3 to 
 
rate  =  kobserved(solid wax)x,  where  kobserved  =  k[O2]

y = constant  (eqn 4) 
 
Typical values for x are 0 or 1 or 2, but higher integer values and even fractions are 
possible. 
 
If x = 0, the reaction is zero order with respect to wax; 
If x = 1, the reaction is first order with respect to wax; 
If x = 2, the reaction is second order with respect to wax . . . you get the idea. 
 
Later in this investigation you will examine data for the combustion of a candle at 
increasing elevations above sea level, which provide reduced [O2]. This will allow you to 
determine the value of the exponent “ y” .  



Purpose 
To determine the values of the exponents in the equation 
rate  =  k[wax]x[O2]

y. 
 
 
Materials  
small candle, such as a tea light; watch glass; matches; electronic balance 
timing device 
 
Safety Precautions 
Wear safety glasses; tuck your tie in. Make sure that matches are extinguished before 
putting them in the garbage. 
 
Pre-Lab Questions or Class Discussion 
1. a) How do you expect that the rate of burning will vary with the mass (or length) of the 
candle? 
________________________________________________________________________ 
 
b) Sketch a graph of burning rate (mass of wax burned per minute) on y axis versus mass 
of candle on x-axis to support your prediction in part (a) above. 
 
 
 
 
 
Procedure 
Part 1  Determination of “x”  
1. Read the procedure and analysis questions before you begin. Use the grid below to 
prepare a data table to record your findings and to put calculated data. Place a heading at 
the top of each column. { C, 3}  
 

    

    

    

    

    

    

    

    

    

    

    

     



2. Place the tea light on a watch glass; measure and record the initial mass of this system. 
 
3. With the tea light/watch glass kept on the pan of the balance, ignite the candle. As the 
candle burns, record the mass every 30 s for several minutes. 
 
Analysis  
Determination of “x”   � the order of the reaction with respect to (solid wax) 
1. Plot a graph of [∆mass/sec, g/s] of the candle on the y-axis, versus the mass of the 
candle, g, on the x-axis.  
2. a) Comment on the shape of your graph. Is it linear/horizontal/vertical/parabolic/etc? 
b) Do your experimental results support your prediction? Explain briefly. 
3. What is the order of the reaction with respect to solid wax? 
 
Part 2  Determination of “y”  � the order of the reaction with respect to [O2] 
4. To determine how the partial pressure, which is related to concentration of O2(g) in the 
air, affects the rate of combustion of a candle, use the data below to plot a graph, using 
spreadsheet software, of combustion rate versus PPO2. The data were obtained by 
Crescent students on the slopes of Mount Kilimanjaro (outreach trips to Tanzania). They 
burned candles at increasing elevations above sea level. (Since air is 21% O2 by volume 
and by pressure, the partial pressure of O2 can be obtained by multiplying the 
atmospheric pressure (Patm) by 0.21.) 
 
Combustion Rate of a Candle at Increasing Elevation Above Sea Level 
Elevation above 
sea level (m) 

Patm (kPa) Partial Pressure O2 (kPa)  
[PPO2 = 21% of Patm] 

Rate of wax combustion 
(g/minute) 

990 90.0  1.61 x 10–1 
2700 72.4  1.30 x 10–1 
3720 63.9  1.09 x 10–1 
4700 56.2  9.06 x 10–2 
 
5. What did the students who obtained these data record ?  
 
______________________________________________________________________ 
6. Plot a graph of rate of wax combustion versus PPO2. From your graph, determine as 
quantitatively as possible, the effect of the PPO2.  
 
7. What is the order of the reaction with respect to PPO2? 
 
_______________________________________________________________________ 
 
Conclusion 
8. a) Rewrite eqn 3 with suitable values for the exponents. 
 
________________________________________________________________________ 

 
—fin— 
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Typical Equilibrium Problem . . .

ICE Table

Carbon monoxide and hydrogen react as shown:

CO(g)   +   3 H2(g)    ⇄ CH4(g)   +   H2O(g)

If 1.00 mol CO and 3.00 mol H2 are placed in a 

10.0-L flask and allowed to reach equilibrium, 

the mixture is found to contain 0.039 mol/L H2O. 

What is the [concentration]eq of each species?



CO(g)   +   3 H2(g) ⇄ CH4(g) +   H2O(g)

[initial]   0.100 0.300 0 0

[change]   - x - 3x + x + x

[equil]  0.100-x 0.300-3x x x

set x equal to 0.039 and solve . . . 

[equil]   0.061 0.184 0.039 0.039



LeChâtelier’s Principle

. . . when a system in chemical equilibrium is 

disturbed by a change in temperature, pressure 

or concentration, the system shifts (responds) in 

equilibrium composition in a way that tends to 

counteract this change of variable.

Ebbing, D.D. and Gammon S.D, 

General Chemistry, 9th ed, 

Houghton Mifflin, Boston, 2009.



Quantitative Equilibrium Problem 

Involving LeChâtelier’s Principle

A reaction mixture 

2 NO + O2 ⇄ 2 NO2

contains 0.120 mol of NO, 0.043 mol O2 and 

0.600 mol of NO2 when at equilibrium in a 1.000 L 

bulb.

How many moles of O2 would have to be added to 

the mixture to increase the number of moles of NO2

to 0.64 when equilibrium is re-established ?  
[Hebden, J.A.; Chemistry, Theory and Problems, Book Two, McGraw-Hill Ryerson, 

Toronto, 1980]



Does the question make sense?

2 NO  +      O2 ⇄   2 NO2

[equil]i 0.120 0.043 0.600

[change] + x

[equil]f 0.640

Now include a row here for the system’s response.



2 NO + O2 ⇄ 2 NO2

[equil]i 0.120 0.043 0.600  � calc Kc

[stress] + x

[response] -0.040 -0.020 +0.040

[equil]f 0.080 0.023 + x 0.640 

set equal to Kc



(0.60)2       =      (0.64)2                    
.

(0.12)2 (0.043) (0.08)2(0.023 + x)

Kc from initial equil final [equil]

x = 0.087 mol/L, or 

0.087 mol of O2 must have been 

added to  1-L of the initial equilibrium system. 



2 NO + O2 ⇄ 2 NO2

[equil]i 0.12 0.043 0.60  � calc Kc

[stress] + 0.087

[response] -0.04 - 0.02 + 0.04

[equil]f 0.08 0.110 0.64 



Here’s an example 

using the 

common ion effect . . .



Calculate the pH of a solution that is 0.10 mol/L

acetic acid and 0.20 mol/L sodium acetate.    (Ka table)

Where to start?

Typical textbook answer is . . . 

CH3CO2H(aq) + HOH(l) ⇄ CH3CO2
-(aq) + H3O+(aq)

[I] 0.10 0.20 ≈ 0

[C] - x + x + x

[E] 0.10 – x 0.20 + x + x



Ka = 1.7E-5 = (0.20 + x)*(x)

1   (0.10 – x)

Since Ka is small,

0.20 + x  ≈ 0.20, and

0.10 - x  ≈ 0.10, and so

1.7E-5  =  (x)(0.20)/0.10

x = 8.5E-6 mol/L  = [H3O+(aq)]  and

pH  =  5.07



Using LCP Quantitatively . . . 

CH3CO2H(aq) + HOH(l) ⇄ CH3CO2
-(aq) + H3O+(aq)

[eq]i 0.10-x x x

[str] +0.20

[res] + y - y - y

[eq]f 0.10–x+y 0.20+x-y         x-y

0.10-(x-y) 0.20+(x-y)     (x-y)* 

0.10 - p 0.20 + p             p 

Which is the same as previously . . . 

*set (x-y) = p



The Question . . . 

Is it worth it to use an

equilibrium/stress/response/equilibrium (ESRE) 

table instead of 

the traditional method of solving this type of 

problem?



Advantages: 

• consistent with the qualitative aspect of LCP

• more descriptive

• focuses on understanding

Disadvantages:

• more understanding required “up front”

• more work (?) for the same answer



Rxn Rates: Laboratory Activities

1. Burning of a Candle

wax(s) +  O2(g)  � CO2(g)  +  HOH(g) 

rate  =  k•(solid wax)x • [O2]y, 

but [O2] constant in air

rate  =  kobserved(solid wax)x,  

kobserved =  k[O2]y = constant

Record mass vs time of burning candle.



mass of candle  = -0.0017*time + 27.24

R² = 0.9995
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Elevation 

above 

sea level 

(m)

Patm

(kPa)

Partial 

Pressure O2

(kPa)  [PPO2 = 

21% of Patm]

Rate of wax 

combustion 

(g/minute)

990 90.0 1.61 x 10–1

2700 72.4 1.30 x 10–1

3720 63.9 1.09 x 10–1

4700 56.2 9.06 x 10–2



rate  =  k[wax(s)]0*[O2]1

rate of burning (g/s)  = 0.0099*(ppO2) - 0.0236

R² = 0.992
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2. Thought Lab: Kinetic Study of

Mg(s)  +  2 HCl(aq)  � MgCl2(aq)  +  H2(g)*

rate  =  k[Mg]p[HCl]q

• React 1 cm piece of Mg with varying (excess) 

[HCl(aq)]

• Record time for Mg to “disappear”  (initial rates)

Since Mg of constant size, 

rate  =  kobserved[HCl]q (kobserved =  k[Mg]p)

*(ref: Leslie Barton, retired from TFS)



trial Vol. of 

2.0 mol/L 

HCl(aq)  

(mL)

Vol. water 

added to the

2.0 mol/L 

HCl(aq) soln

(mL)

total 

vol. of 

HCl(aq)  

(L)

[HCl] 

(aq) 

(mol/L)

time for 

0.039 g  

of Mg to 

react (s)

1 60 0 29

2 50 10 37

3 40 20 59

4 30 30 138

5 20 40 310

6 10 50 757



rate  =  kobs[HCl]q

rate = kobs[HCl]2

rate = 3E-05[HCl] - 2E-05

R² = 0.953
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3. Application of Integrated Rate Laws:

bleach + blue dye � products



rate = k[blue]m[bleach]n

Spec 20 @ 630 nm

(ε630 for blue dye given)

Trial #1:

Quickly mix 12.00 mL of blue dye solution (from a 
buret) + 1.00 mL of bleach (also from a buret) in 50 
mL beaker. (Bleach in excess in both trials.)

Trial #2

12.00 mL of blue dye solution (buret) +

0.50 mL of NaCl solution* (buret) in 50 mL beaker. 

*NaCl(aq) is equimolar to NaOCl(aq)



rate = k[blue]m[bleach]n

rate = kobs[blue]m, kobs = [bleach]n

Students plot three graphs per trial:

1. [blue dye] vs time 

2. ln[blue dye] vs t  (1st order in blue?);

ln[blue dye]t =  –kobst +  ln[blue dye]o

3.    1/[blue dye] vs t  (2nd order in blue?)

1/[blue dye]  =  kobst +  1/[blue dye]o

Whichever of graphs 2 or 3 is linear will tell you the 
reaction order wrt blue dye.
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ln[blue] = -0.0079kobs - 12.95

R² = 0.9983
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ln[blue] = -0.0039kobs - 12.769

R² = 0.9996
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Bleach  +  blue dye  � products

rate = k[blue]1[bleach]1



5. H2O(l)  + ∆Hvapourization � H2O(g)  

Data for Determination of the 

Efficiency of an Electric Kettle Used 

to Heat Water

mass of water heated (g) 719

initial Temp (oC) 25.2

final Temp (oC) 71.5

heat time (s) 180

stated power of kettle (W) 1000

effective power of kettle (W)       774



Data for the Determination of the 

ΔHvap of water at 100oC

mass of water 

vapourized at 100oC (g) 60

effective power of kettle (W) 774

boiling time (s) 180



The Results . . .

Calculated ΔHvap of water  = 42 kJ/mol @ 100oC

(Accepted value is 41 kJ/mol @ 100oC)

Can go on to calc approx strength of a H-bond



6. Determination of ΔHfus of water

H2O(s)  + ΔHfus =  H2O(l)
mass of water heated 

on hot plate(g)

373.5 

Ti of water (oC) 29.8

Tf water (oC) 42.5

heating time (s) 137 mass of water heated (g) 370.0

Ti of water (oC) 5.5

mass of ice added to water 

immediately before heating (g)

22.0

Ti of  ice (oC) 0.0

Tf of water and melted ice (oC) 30.0

heating time (s) 331



The Calculations . . . 

E supplied = (ΔHfus)*(mass ice)  +  

(mass HOH)*(4.184J g-1oC-1)*(ΔTHOH) +  

(mass melted ice)*(4.184J g-1oC-1)*(ΔTmelted ice) 

ΔHfus = 329 J/g or 5.9 kJ/mol

(accepted value = 6.0 kJ/mol)
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