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B PREPARATION

Materials
25.0 pM crystal viclet (CV) solution Colorimeter or spectrophotometer
0.200 M sodium hydroxide (NaOH) solution | Data display device (probeware or computer
software)
Distilled water 5-10 mL graduated pipettes (use separate

pipettes for CV, NaOH, and water)

Cuvettes Pipette bulb or pipette pump

Stopwatch (if a computer won't be used)

Safety and Disposal

Crystal violet is a dye that stains skin and clothing. A sodium hydroxide solution is
a corrosive skin irritant. You must wear an apron and splash-proof goggles during
the lab and use disposable gloves in handling the aqueous solutions of crystal
violet and sodium hydroxide. If any of the solutions spilled on your skin, wash
with copious amounts of water. Glassware stained by CV may be cleaned with 70%
isopropyl alcohol (rubbing alcohol). Solutions may be rinsed down the drain after
the appropriate treatment — i.e., mix any remaining solutions of crystal violet and
sodium hydroxide, add any additional sodium hydroxide if needed to bleach the
crystal violet, neutralize the sodium hydroxide with an acid, then discard the entire
solution.

B PRACTICE WITH INSTRUMENTATION AND PROCEDURE

To convert a colorimeter’s (or spectrophotometer’s) raw absorbance values to the
molar concentration of a chemical, you must determine how absorbance varies with
concentration for a set of solutions of known concentration. A previous experiment
in this lab manual (Investigation 2) had you do this using a Beer’s law calibration
curve.

Procedure: The collection of experimental data to generate a calibration curve

Use your answer to prelab Question 1 to select a wavelength that you will use in
Part 1 to generate a Beer’s law calibration curve relating raw absorbance values to
CV concentration and in Part 2 to track absorbance during the reaction of CV with
NaOH.

Use your answer to prelab Question 2 to guide your preparation of solutions that
can be used to correlate absorbance with CV concentration by generating a Beer’s
law calibration curve. Make sure to use an appropriate blank to zero out your
colorimeter (or spectrometer) before taking absorbance measurements.
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H INVESTIGATION

Here you will address the central challenge, to determine the rate law for the
reaction of CV with NaOH.

Procedure

The collection of experimental data of absarption as a function of time for the
reaction of CV with NaOH

The prelab questions guide you to consider different factors involved in designing
an experiment to address the central challenge, the determination of the rate law
b given in Equation 2, rate = k [CV"}" [OH]%, for the reaction between CV and
NaOH.

} Prelab Question 4 addresses the issue of how to ensure that Equation 3
(rate = k* [CV*]") is a valid approximation to Equation 2.

The analysis described in prelab Question 6 requires that you know the
concentration of CV throughout the course of the reaction. The concentration
of CV can be obtained from raw absorbance data by applying the Beer’s law

| J calibration curve formula you obtained during the Practice.

Prelab Question 6 asks you to design an experiment to determine the value of w

‘ and k* found in Equations 3 and 4. Both w and k* can be determined by making
appropriate plots of your data from the reaction of CV with NaOH and checking

for linear relationships (Blauch 2010; Zumdahl & Zumdahl 2003). Use your answer

to prelab Question 8 to decide during the experiment when to stop collecting

: absorbance data to get the clearest distinction between the Oth, 1st, and 2nd order

reactions during your postlab graphical analysis.

Optional prelab Question 7 asks you to describe how one could determine the value
of z and k found in Equation 2. Check with your instructor to see a)if you are doing
this part of the investigation and b) if yes, whether or not you have a method that
could address that goal.

Data Collection and Computation

The successful completion of this laboratory investigation involves the planning
and implementation of appropriate data-collection strategies. This requires a
clear understanding of the central challenge of this investigation, how it would be
accomplished, and the appropriate calculations (e.g., dilution of CV) to be done
prior to making the various experimental measurements.

S

The successful completion of this laboratory investigation involves the appropriate
use of mathematics to analyze your experimental data to obtain the rate law
of a chemical reaction. The prelab questions are designed to guide you in your
; analysis of the data. You could use common data-analysis software to conduct the
appropriate graphical analysis and any data transformations prior to your graphical
‘ analysis.
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Argumentation and Documentation

You will use guidance from your teacher as well as the sections above and
discussions within your group to justify the selection of your experimental protocol
and the subsequent data analysis to determine the rate law of the chemical reaction
in this investigation. Justification of your experimental design and data-analysis
method should appear in your final fab report.

B POSTLAB ASSESSMENT

Prepare and submit a lab report according to your instructor’s guidelines, which
will include asking you to provide appropriate graphs and data analysis to support
your answer to the central challenge. You should clearly support with evidence
the values you obtained for w and k*. If you performed the optional extension to
determine z and k, make sure you follow the same guidelines for the write-up of
that experiment as well.

B SUPPLEMENTAL RESOURCES

Links

Blauch, David N. “Chemical Kinetics — Integrated Rate Laws” Davidson College
Chemistry Resources. Accessed January 6, 2012.
http:/f'www.chm.davidson.edu/vee/kinetics/IntegratedRateLaws. htmi

“Inquiry and the National Science Education Standards: A Guide for Teaching and
Learning” The National Academies Press. Accessed August 3, 2012.
http://www.nap.edu/catalog.php?record_id=9596

Matsumoto, P. “CV Prelab.” Mr. Matsumoto’s Website. Accessed August 3, 2012.
http://chem-is-try.us/class/ap/labs/kinetics.htm
(The mathematical model is stored on that web page as a cdf file in the resource
section at the bottom of the web page and requires the free Wolfram cdf player
plugin
https://www.wolfram.com/products/player/)

Mingxin, Guo, Sharon K. Papiernik, Wei Zheng, and Scott R. Yates. “Effects
of Environmental Factors on 1,3-Dichloropropene Hydrolysis in Water and
Soil” Journal of Environmental Quality 33 (2004): 612-618. Accessed February
26, 2012.
http:/ddr.nal.usda.gov/bitstream/10113/9114/1/IND43675432. pdf

“R-Squared or Coeflicient of Determination.” Khan Academy. Accessed January 6,
2012.
http://www.khanacademy.org/video/r-squared-or-coefficient-of-determination?p
laylist=Statistics
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I CENTRAL CHALLENGE

The purpose of this laboratory activity is to determine the rate law for the reaction
of crystal violet (CV) and sodium hydroxide (NaOH).

In Part 1 of the investigation, you will prepare dilutions of a stock CV solution to
generate a Beer’s law calibration curve for CV using similar techniques found in
Investigation 2.

In Part 2 of the investigation, you will perform a reaction of CV with NaOH while
monitoring in real time the concentration of CV remaining.

This laboratory investigation will illustrate a variety of science concepts because
determining the rate law for the reaction of CV with NaOH requires you to use
graphical analysis and a simplifying approximation that leads to a pseudo-rate law
while also integrating your prior chemistry knowledge involving spectroscopy,
Beer’s law, solution dilution, calibration curves, and chemical kinetics.

W CONTEXT FOR THIS INVESTIGATION

If you're making something, you might think making it to last would always be a
good thing. But what if you're making a pesticide with known detrimental impacts
on human health? Then you may only want it to stay intact for a few days after it
has been applied to crops before it decomposes into what often are less harmful
products. If its molecules stay intact for too long, the pesticide can persist in the
environment and build up in drinking water.

In 2000, over 20 million kilograms of the pesticide 1,3-dichloropropene (1,3-

D) were applied to crops in the United States. Scientists investigated the rate of
decomposition of 1,3-D in acidic, basic, and neutral solutions as well as in soil.
For each case they generated plots of the amount of intact 1,3-D persisting versus
time and found that the reaction could be characterized as pseudo first-order.
Knowing the order of the reaction allowed them to determine the half-life of
intact 1,3-D. In acidic media, they found that the half-life for the decomposition
of 1,3-D was about eight days but in the presence of excess NaOH the half-life was
reduced to about four days. Experimentally determined data like this is vital to the
ability of society to use chemicals wisely in improving food production, while not
endangering the end consumers or the people who work with the chemicals during
the growing process.
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The Beer’s law lab earlier in the manual (Investigation 2) employed the use of a

colorimeter {or spectrophotometer) to obtain a calibration curve that was used to

convert raw absorption data from a colorimeter (or spectrophotometer) to molar

concentration of a chernical in solution. In the current investigation, you will

first use a colorimeter (or spectrophotometer) to generate a calibration curve for

a chemical (CV) and then use the colorimeter (or spectrophotometer) to follow

the change in the concentration of CV as it reacts with NaOH. By recording these

; changes through time and analyzing them graphically, you will be able to obtain the
rate law of the reaction, which may be used to predict the behavior of the system
under different experimental conditions without doing the actual experiments.

W PRELAB GUIDING QUESTIONS/SIMULATIONS

These questions are designed to guide, but not dictate, your development of

the appropriate experimental protocol. By answering them, you will develop a
procedure to accomplish the goal of determining the rate law for the reaction
between crystal violet and sodium bydroxide. Questions 1 and 2 relate to the
Beer’s law calibration curve from Part 1 of the procedure while the remaining
questions relate to Part 2, the reaction of CV with NaOH. Though some questions
rely on information found in the following Explanation to Strengthen Student
Understanding section and in your chemistry textbook, you will also need to
employ your critical reasoning skills to address many of the questions.

1. Answer the following questions about the selection of a wavelength for your experiment.

a. Based on the absorption spectrum of 25 uM crystal violet in Figure 1 and taking into
account the considerations that follow, what wavelength should you use for the Beer’s
law calibration curve and subsequent reaction of CV with NaOH? Please explain your
answer.

Note that if you are using a colorimeter, you only have a few possible wavelengths
to choose from, but if you are using a spectrophotometer, then there are many
wavelengths available. Two main factors to consider, working in opposition to
each other, are sensitivity and range. These instruments are typically not sensitive
enough to reliably measure absorbance values much above 1.0 absorbance units.
Yet the absorbance at the chosen wavelength should be high enough that it can
vary over a wide range of values during the reaction.

b. Simulate the instrument readings you will get in Part 1 of the experiment by doing the
following: Trace Figure 1 onto your own paper. Draw a vertical line at the wavelength
you have chosen, intersecting the absorbance curve at that wavelength. Where your
vertical line intersects the absorbance curve is the absorbance value your instrument
should read for the stock 25 uM CV solution. Keeping in mind Beer’s taw from
Equation 1, and being mindful that the wavelength and path length are fixed, draw X’s
on your vertical line where you expect the absorbance values will be for the diluted

" solutions you prepare in Question 2. Use appropriate ratios of concentrations to

determine where on the vertical line to make your marks.
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2. A calibration curve requires the preparation of a set of known concentrations of CV,

which are usually prepared by diluting a stock solution whose concentration is known.
Describe how to prepare 10. mL of a 5, 10, 15, and 20 pM CV solution using a 25 pM CV
stock solution.

. During the reaction of CV with NaOH, do you expect the colorimeter’s {or
spectrophotometer’s) absorbance reading to change? How do you expect it to change
if such a change is anticipated (i.e., increase, decrease or no change) as the reaction
proceeds? Explain your reasoning.

. Answer the following questions for a reaction of CV with NaOH in these two scenarios:
a solution with a 1:1 NaOH:CV mole ratio and a solution similar to what you will be
using with a 1000:1 NaOH:CV mole ratio.

a. Using your prior knowledge of reaction stoichiometry, what is the final percentage
of each reactant remaining if each reaction went to completion? Show work and
reasoning to justify your answer.

h. Based on this result, describe how one gets Equations 3 and 4 from Equation 2 above.

. Using the kinetics chapter in your textbook and websites like “Chemical Kinetics
— Integrated Rate Laws” http//www.chm.davidson.edu/vce/kinetics/
IntegratedRateLaws.htm, describe the graphical analysis that can be done to
determine the order {considering only 0th, 1st, or 2nd order) and the value of the
pseudo-rate constant, k*, of a chemical reaction from concentration data collected
through time,

. Based on your answer to questions 3-5, design an experiment for the reaction of
CV with NaOH and describe the subsequent data analysis to accomplish the central
challenge, the determination of the value of (i) w; the order with respect to CV and (ii)
k¥, the pseudo-rate constant found in the rate law in Equation 3. For simplicity, use 10.
ml for the combined volume of CV and NaOH because it is a bit more than enough to
fill cuvettes appropriately.

. As an optional extension, design an experiment to determine from Equations 2 and 4 (i)
z, the order with respect to NaOH and (ii) k, the rate constant.

. Answer the following questions after examining Figure 3 to address the issue of when to
stop collecting data.

a. For early parts of the three different reactions in Figure 3, all three curves seem
relatively linear with different slopes. But as the reactions progress through time, at
roughly what concentration level would you say some graphs start to look nonlinear?

b. Given that you don't yet know the order of the reaction of CV with NaOH, how might
Figure 3 help you to decide when to stop collecting data? Hint: think in terms of %
completion instead of concentration.
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B EXPLANATION TO STRENGTHEN STUDENT UNDERSTANDING

As you learned in Investigation 2 earlier in the manual, Beer’s law is represented by
Equation 1, provided here.

Absorbance = absorptivity constant x path length x concentration
Equation 1

For a fixed concentration of solute and a fixed path length (e.g., fixed cuvette
width), the amount of light absorbed by a solution varies directly with the
absorptivity constant of the solute. Figure 1 below shows the visible light
absorbance spectrum of CV for a fixed, 25 uM, concentration of CV and a fixed,
1.0 cm, path length. Because concentration and path length are both kept constant,
Figure 1 reveals how the absorptivity constant for CV varies with the wavelength of
light passing through the solution. Figure 1 was generated by a spectrophotometer.
A colorimeter is an instrument that, like a spectrophotometer, measures how

much light is absorbed when passed through a sample but does so for only a few
predetermined wavelengths of light set by the manufacturer.

400 500 700
Wavelength (am)

Figure 1. The visible spectrum of a 25 yM CV solution

It we still keep the path length fixed, but now choose only one particular
wavelength of light to pass through the solution, thereby fixing the absorptivity
constant, then we can observe how the absorbance of light at that wavelength
changes as we change the concentration of CV. Under these conditions, Beer’s

law describes a straight-line relationship for a graph of absorbance versus solute
concentration whose slope is simply the product of the molar absorptivity constant
and path length.

In the reaction of CV and sodium hydroxide (see Figure 2), the dye’s color will
fade as it reacts with sodium hydroxide. A colorimeter (or spectrophotometer)
will be used to follow the disappearance through time of CV by measuring the





image5.jpeg
KINETICS: RATE LAWS

absorbance of a solution of CV during its reaction with NaOH. The raw absorbance
measurements from the colorimeter (or spectrophotometer) can be transformed to
molar concentration of CV via the use of a Beer’s law calibration curve.
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Figure 2. Chemical structures in the reaction in this laboratory activity

The net ionic equation for the reaction can be written as
CV~ (aq) + OH (aq) » CVOH (aq)
The rate law of the reaction is

rate =k [CV*]¥ [OH]*
Equation 2

where k is the rate constant while w and z are the order of the reaction in relation to
CV*and OH, respectively.

Under certain experimental conditions (see prelab Question 4), the rate law in
Equation 2 simplifies to the following equation
rate = k* [CV*]*
Equation 3

where

k'=k[OH]?
Equation 4

and k* is the pseudo-rate constant. Equation 3 is referred to as the pseudo-rate law,
since it is an approximation of Equation 2, the actual rate law, and significantly
simplifies the analysis.

A differential rate law describes the rate of a chemical reaction as a function of
the concentration of the reactants, while an integrated rate law describes the
concentration of a reactant as a function of time; both types of rate laws are
related to each other by the use of calculus. Equation 3 is a differential rate law, by
which a graphical analysis of the corresponding integrated rate law can be used
to determine the value of the parameters in Equation 3, using least-squares linear
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regression analysis. The degree or extent of linear fit may be evaluated using the
coefficient of determination (or square of the correlation coefficient), i.e., it may be
used to identify the graph that has a linear relationship.

Figure 3 shows concentration data plotted versus time for three different hypothetical
chemical reactions. From plots like these and knowledge of integrated rate laws
found in your text, one can determine the exponents in the rate law equation.

B C
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Figure 3. Concentration data plotted versus time for three different hypothetical
: chemical reactions — Oth order (blue line), 1st order (red line), and 2nd arder (yellow line)

All reactions have the same numerical value for their initial reactant concentration
| and the rate constant.





