
CH 142- Spring 2012 

1 of  8 
 

Experiment 2         
  Chemical Kinetics 

 

 A company that manufacturers dyes has problems with its newest shade of purple: crystal violet. 
With the recent ‘70’s craze, they have been marketing crystal violet for use in the tie-dye process, 
which normally requires that the color be “set” in basic washing soda. However, many customers 
have complained that crystal violet loses its color during this final step. The Quality Control 
manager for this dye company heard from our theater client about the bloody good job CSI did last 
week. The manager, Phea Lin Gruvey has therefore asked CSI to investigate this dye decolorization 
dilemma. She suspects that base may be involved in the loss of color and that the length of time the 
article being dyed is exposed to base in the final step may be important. Thus, we will pay special 
attention to the role of hydroxide in the kinetics of crystal violet decolorization (the reaction of 
interest is given below) to be able to make suggestions to the company as to how the tie-dye process 
could be modified for this dye.  
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 To address the client’s issue, you will determine the rate law (given below as part of equation 
1), including x and y and the rate constant k for the decolorization of crystal violet. Since crystal 
violet is colored, we can use a spectrophotometer and Beer’s Law to determine absorbance and  
concentration.  By following the loss of color or concentration over time we can experimentally 
determine the rate for this reaction. 
 

 rate of disappearance of CV = rate of appearance of CVOH = 
-Δ[CV]
Δtime  = k [CV]x [OH–]y (1) 

 

 Recall from Experiment 1 that Beer’s Law relates the measured absorbance, A, to concentration, 
C, of the chromophore as follows:   A =  ε l C, where l is the path length (1 cm), and ε is the molar 
extinction coefficient.  Therefore, determination of the absorbance allows calculation of the 
concentration if the molar extinction coefficient ε is known for the chromophore. Moreover, 
determination of absorbance, and thus concentration, over time allows an experimental 
determination of the rate of the reaction. During Week 1 you will perform an initial rate study, 
varying only the concentration of hydroxide, [OH-] to allow determination of y in equation 1. In 
week 2 you will do a similar study to determine the order with respect to crystal violet (x in 
equation 1). Consult the spectrophotometer instructions provided to you for detailed instructions on 
the use of the instrument.   

 



CH 142- Spring 2012 

2 of  8 
 

 
Because this reaction has two reactants and may follow a complicated mechanistic pathway to 
products, it may not have simple whole number values for reaction orders. Therefore, you may not 
be able to determine the reaction order through simple linear plots as used to solve problems in the 
textbook. Instead you will be taking the logarithm of both sides of the rate law part of equation 1 
gives:     log (rate) = log (k) + x log [CV]  + y log [OH–]   (2) 

 

For Week 1, the term x log [CV] is constant because the initial [CV] is the same for all reactions 
and does not change significantly over the short reaction time. The term log (k) is also constant 
since the rate constant k is constant for the reaction at one temperature. Therefore, a plot of log 
(rate) vs. log [OH-] should give a straight line with a slope of y, the order with respect to OH–. 
 
 
Example Questions & Answers 
 
 Use the kinetic data provided below (in the Table) for the hypothetical reaction:   
                                    A + B   à   C + D 

 
1. To determine the order of the reaction with respect to A. 
2. To determine the order of the reaction with respect to B. 
3. To write the rate expression or rate law for the reaction. 
4. To calculate the rate constant of the reaction. 

 
trial [A] (M) [B] (M) RATE (M/SEC) 

1 0.100 0.100 0.0101 
2 0.100 0.200 0.0206 
3 0.100 0.400 0.0403 
4 0.200 0.500 0.203 
5 0.300 0.500 0.452 
6 0.400 0.500 0.841 

 
 
Starting with:  Rate = k [A]x [B]y 

 
1. To determine “x”, the data from trials 4-6 are used because [A] varies while [B] remains 

constant in these experiments.  A plot of log (rate) vs. log [A] for trials 4-6 gives a slope of 
about 2 (Figure 1). The uncertainties in the concentrations and rates are around 2%. 
Therefore x = 2, within experimental uncertainty. 
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y = 2.0456x + 0.7336 
R! = 0.99938 
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Figure 1: log (rate) vs. log [A] 

 
 

 
 
2. The value of “y” can be determined by plotting log (rate) vs. log [B] for trials 1-3.  This yields a 

slope of about 1 (Figure 2).  Therefore y = 1, within experimental uncertainty. 
 
 

 

y = 0.9982x - 0.9944 
R! = 0.9997 
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Figure 2: log (rate) vs. log [B] 

 
 
 
 
 

 
3. Rate = k [A]2 [B]. 
 
4. The rate constant k can be determined from data in any one experiment.  For example, using the 

data in trial 3:   0.0403 M/sec= k (0.100 M)2 (0.400 M), or k = 10.1 M-2sec-1.  
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Pre-Laboratory Assignments 
 
 You should prepare for this experiment by reading about chemical kinetics (chapter 14 in 
textbook).  Write the experimental procedure in your notebook. Please prepare answers to the 
following questions on a separate piece of paper (scrap paper is fine, pencil is fine): 
 

Week 1  Due before 9 AM Friday, Feb. 17th 
 
 a) Calculate the concentration of crystal violet in a solution that has a total final volume of 3.0 

mL and contains 250 µL of crystal violet (stock concentration of 1.0 x 10-4 M).  
 b) If the absorbance of this solution is 0.954, what is the extinction coefficient at this 

wavelength (the path length is 1.0 cm)? 
 
Week 2  Due to Lab Supervisor immediately following your Exp2 Week 1 lab work. 

(Note: you have nothing to turn in on Friday, Feb 24th by 9 AM). Each partner needs to do 
the following: 

1) Submit your spread sheet of rates and concentrations  
2) Submit your plot of log (rate) vs. log [crystal violet]initial.  
3) What is the order of the reaction with respect to crystal violet? Write your answer on 

your log-log plot. 
4) Write your lab section and partner name on the log-log plot.   

 
 

Experimental Procedure 
 You will again use automatic micropipettors in this experiment for precise and accurate delivery 
of small volumes. This week there are three sizes of Finn pipettes in the lab: 2.0-20 µL (orange), 
20-200 µL (yellow), and 100-1000 µL (blue). These numbers refer to the maximum volume in 
microliters (µL) that can be achieved; e.g., the yellow ones can dispense a maximum of 200 
microliters. Never dial a pipettor past the maximum volume. The blue pipettors use the larger tips; 
the yellow and orange pipettors use the smaller tips. To draw up the sample into the pipette tip, first 
place a clean tip on your pipette.  

 
Pour some reagent into the provided beaker. 

 
Push the top pipette button downwards until you feel it catch on a notch, immerse the pipette tip in 
the liquid in the beaker, and slowly release the pressure you are exerting on the button. Keep the tip 
below the liquid surface the entire time. Lift the pipette up, once filled. Check the tip to make sure 
there are no air bubbles. To dispense the sample, push the button all the way down.  
 

You can keep a pipette tip (one of each size needed) in each beaker and use it over and over  
and you’ll be helping CSI to go green. 

 
The first step in your analysis will be to determine the wavelength of maximal absorbance of the 
crystal violet. You will use the absorbance of a solution of known concentration of crystal violet to 
calculate the value of the extinction coefficient at this wavelength. You will then perform two sets 
of kinetics experiments: one which holds the concentration of hydroxide constant while varying the 
crystal violet concentration (Week 1) and the other which holds the concentration of crystal violet 
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constant while varying the hydroxide concentration (Week 2). These two sets of experiments will 
allow you to determine the reaction order for crystal violet and hydroxide, respectively, and thus the 
rate law.  

Note that your reference cuvette should contain water for all blanking procedures below. 

 

Week 1- Determination of the Reaction Order for Crystal Violet       [FEB. 20 -24] 
 

A. Preliminary Experiment to Determine λmax and ε  
 
1. Refer to the provided Spectrophotometer handout located at your work area for how to first 

calibrate the instrument.  
 
      Keeping your total solution volume 3.00 mL in all cases, take the absorbance of a solution of 

crystal violet in water. A stock solution of 1.00 x 10-4 M will be available for you to use, and 
you should try to keep the maximum absorbance value at around 1.7 or lower. It may take you a 
few dilutions to obtain a good spectrum that is on-scale, but you can collaborate with another 
research team to zone in on an appropriate amount of crystal violet that will be on-scale. Be as 
accurate as possible when making up your solution as you will use this concentration to 
calculate the extinction coefficient. When ready to measure the absorbance of this solution refer 
back to your Spectrophotometer handout. 

 
2. Once you find an appropriate dilution, make sure that you record both the λmax and the 

absorbance at that wavelength on your own spectrophotometer. Wavelengths may differ from 
one instrument to another. 

 
3. Use Beer’s Law to calculate the value of ε for crystal violet based on your measured absorbance 

value and your concentration (the path length is 1.0 cm). 
 
B. Kinetics Experiments with Hydroxide Constant, Variable Crystal Violet  
 

Note that in this set of experiments you will vary the volume of crystal violet added while 
keeping the volume of hydroxide constant. Follow the “Running a Kinetics Trial” directions 
provided in the Spectrophotometer handout.  

 
1. The total volume of each trial should be 3.00 mL. Your first kinetics trial should contain a 

volume of crystal violet that will give an absorbance of about 1.2-1.7 (based on your findings 
from Part A). Plan to add the same volume of 0.100 M NaOH as you have of crystal violet, but 
don’t add it yet! Add the crystal violet to your cuvette, then the appropriate volume of water that 
will make your final volume 3.00 mL (be sure to account for the NaOH that you’re about to 
add).  In your given Spectrophotometer instructions you want to be in part III., Running a 
Kinetics Trial.  

2.  Set up another 3.00 mL reaction, this time with less crystal violet than in the first trial (but 
make sure that you know this amount exactly). Again, add crystal violet, water (make sure that 
you increase the volume of water to make up for the decrease in the amount of crystal violet), 
and the same volume of 0.100 NaOH in the first trial (this amount will remain constant in this 



CH 142- Spring 2012 

6 of  8 
 

whole series of trials). Collect kinetics data again and SAVE AS with a new name to your 
desktop. 

 
3. Repeat until you have five kinetics trials, each with a total volume of 3.00 mL, a constant 

volume of 0.100 M NaOH, and a known but varying amount of crystal violet. 
 
C. Data Analysis 
 
1. Open any one of your 5 saved Logger Pro data files you saved on the desktop. Observe the data 

table in the Vernier window on the left side of the window. The first column should be “time” as 
seconds. The second column should be “absorbance”.  

 
2. You can insert a new column of crystal violet concentration, using the absorbance data and your 

extinction coefficient calculated in Part A above to determine these values (c = A/ε; path length 
is 1).  To do this, choose “New Calculated Column” from the DATA menu. Enter “[CV]” as the 
name, “[CV]” as the “Short Name”, and set the unit to “M” for molarity. You are now going to 
enter the correct formula for this column into the “Equation” edit box that appears. You do this 
by selecting “Absorbance……..” from the given “Variables” list. Then type in a backslash, “/”, 
and then your calculated extinction coefficient. The “Equation” edit box should display 
something like this:  “A…..”/82346.  Click on the DONE button. Click on the y-axis label in the 
plot window. Several options will pop up for you to choose from to change what is being used 
to make the y- axis. Choose [CV].  

 
3. Autoscale the y-axis by clicking on the icon that looks like the letter A on a graph (found in the 

gray menu bar). Then do a linear curve fit by clicking on its icon. This one looks like an integral 
sign. A box should pop up giving you the slope of your graph. The slope of the best-fit line can 
be used to determine the initial rate of the reaction, for that one trial. Now print the given graph 
by going to “File”, slide down to “Print Graph” and click. You will have an option to label the 
print out each time, which will help you keep track of which graph goes with which trial. 

 
4. Repeat your rate determinations for each of the five kinetics trials that you performed in lab 

today. You now have a set of data that contains a rate for each initial crystal violet 
concentration. If you have printed these 5 graphs you can quit Logger Pro. 

 
5.   Open Excel and set up a spreadsheet that will enable you to plot log (rate) vs. log  
[crystal violet]initial. The slope of the best-fit line is the reaction order for crystal violet. This will be  
“x” in the rate law equation (1). If you need to change the number of significant figures on an 
EXCEL graph, highlight the equation of the line, select Format…Selected Data 
Labels…Number…Scientific…then increase the number of decimal places appropriately. 
 
Before leaving lab today….turn in all the items listed on page 4 (under Week 2 Pre-lab assignment). 

 
SAVE EVERYTHING ON THE CH142 FILESERVER! 
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Week 2- Determination of the Reaction Order for Hydroxide   [FEB. 27-MAR 2] 
 

Make sure that you use the same spectrophotometer this week as you did last week; otherwise, 
you will have to repeat Part A to determine the wavelength of maximal absorbance and the 
extinction coefficient on that particular set-up. Note that in this set of experiments you will vary 
the volume of hydroxide added while keeping the volume of crystal violet constant.  You will 
use the same computer instructions as last week, and you will need to calibrate the 
spectrophotometer using a cuvette of water just as you did last week. Follow the “Running a 
Kinetics Trial” directions provided in the Spectrophotometers with Vernier Data Acquisition 
Software  handout.  
 

A. Kinetics Experiments with Crystal Violet Constant, Variable Hydroxide  
 
1. Again, the total volume of each trial should be 3.00 mL. Your first kinetics trial should contain 

the volume of crystal violet that gives an absorbance of about 1.2-1.7 (based on your findings 
from last week). Plan to add the same volume of 0.100 M NaOH as you have of crystal violet, 
but don’t add it yet! Add the crystal violet to your cuvette, then the appropriate volume of water 
that will make your final volume 3.00 mL (be sure to account for the NaOH that you’re about to 
add).  Just like last week, by the time you reach step #5 of your Running a Kinetics Trial 
instructions, you will have a cuvette in the spectrophotometer with CV, water, and a magnet 
spinning inside the cuvette. Add the NaOH, and continue to follow the computer instructions. 
You should see the signal drop as the crystal violet decolorizes in the presence of base. When 
data collection is done save it just like you did before. 

 
2.  Set up another 3.00 mL reaction that will contain less hydroxide than the first trial (but make 

sure that you know the amount exactly). To set up this reaction, again add the crystal violet 
(same volume as you just used in trial 1, today), water (make sure that you increase the volume 
of water to make up for the decrease in the amount of sodium hydroxide), and the new, reduced 
volume of 0.100 M NaOH. Collect kinetics data again and SAVE AS with a new name to your 
desktop. 

 
3. Repeat until you have five kinetics trials, each with a total volume of 3.00 mL, a constant 

volume of crystal violet, and a known, varying amount of sodium hydroxide. 
 
B. Data Analysis 
 
1. Return to the data analysis section above (see step C) from last week to find the slope of the best 

fit line for each of your 5 kinetic trials today. 
 
2.  Open Excel and set up a spreadsheet that will enable you to plot log (rate) vs. log  
  [hydroxide]initial. The slope of the best-fit line is the reaction order for hydroxide. This will be  “y” 
in the rate law equation (2).  Print both for your client report. 
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3. Now that you have determined the values of both “x” and “y”, determine the value of the rate 
constant, k, for all ten of the reactions in Excel using the expression: rate = k[CV]x[OH-]y. Show 
sample calculations in your lab notebook for each type of calculation made. Print your 
spreadsheet for your client report. Calculate the average, the standard deviation, and the % 
relative uncertainty and the %precision of the 10 rate constants. Report the significance of these 
values to your client. 

 
 
 

SAVE EVERYTHING ON THE CH142 FILESERVER! 
 
 
Client Report 
 
Prepare a ONE-PAGE typed letter from CSI to your client (the dye company manager) 
summarizing your findings. You should attach all spreadsheets and graphs that you used to make 
your findings and discuss possible sources of error in your report.  Make sure that all submitted 
items are at an appropriate level for your client; in this case, the quality control manager at the dye 
company who not only has had college-level chemistry but also postulated that base was involved in 
the decolorization dilemma. Can you make any suggestions to her as to how the tie-dye process 
could be modified to accommodate this base-sensitive dye? Make sure that you include an error 
analysis in your report. 
 


