AP Chemistry

Indiana Academy

Experiment 16: Determination of a Rate Law and Activation Energytc "18\: Determination of a Rate Law and Activation Energy"

An understanding of chemical reactions must include answers to certain basic questions:


1.
Will two materials react (transform into another substance) when placed in contact with each other?


2.
If they do react, what determines how quickly the reactants transform into the products?


3.
Why do some reactions fail to go to completion, and stop when an equilibrium mixture of reactants and products is formed?


The first and third questions are examined in the area of chemistry called thermodynamics; the second question - the concern of this experiment - is probed in the area known as reaction kinetics.  


We look closely at the question of what determines how quickly reactants change into products.  Several factors, discussed in lecture and the text, determine the speed of a chemical reaction.  These include 1) nature of reactants, 2) contact area between reactants, 3) temperature, and 4) concentration of reactants.  The description of the kinetics of a chemical reaction is made easier by a careful definition of the term "reaction rate."  Obviously, the amounts of reactants decrease while the amounts of products increase during the course of the reaction.  The speed or rate of the reaction is given by the change in amount of reactant or product per unit time.  This rate can be defined either through the disappearance rate of the reactants or through the appearance rate of the products.


The rate at the beginning of the reaction is known as the initial rate; for most reactions the rate is largest at this time.  The reactions generally slow down as the reactants are depleted and as their collision probabilities decrease.  It is not possible to predict the rate of a reaction from the balanced overall reaction.  Detailed information about the reaction process called the pathway or mechanism is needed for this task.  But extensive investigations in the laboratory have shown that the rates of many reactions obey a common empirical equation known as the experimental rate law:  rate = k(T) · [A]a[B]b[C]c...where [A], [B], [C] ... represent the molar concentrations of substances affecting the reaction rate (usually reactants) and a, b, c... are experimentally determined exponents.  These exponents may be integers or non-integers (positive or negative), and have no direct connection with the stoichiometric coefficients of the reaction.  The constant, which can be written as k(T), is called the rate constant, and its numerical value generally increases with temperature.  A larger value for the rate constant indicates a faster reaction because the rate is proportional to k.  The overall reaction order is given by the sum of the exponents (a + b + c ...).  The reaction is also said to be a-order in substance A, b-order in substance B, and so on.  These exponents are often called partial orders.  We can derive the partial orders in the laboratory, but the trick is to change only one thing at a time.  We can avoid difficult concentration measurements by measuring the initial rate.  The concentrations at the time of the initial rate are simply the initial concentrations.  This is the initial rate method.

[The following is an adaptation of “Rate Law Determination of the Crystal Violet Reaction” from Chemistry with Computers, (2000), Holmquist, Randall, & Volz; Vernier Software & Technology, Beaverton, OR.]

In this experiment, you will observe the reaction between crystal violet and sodium hydroxide.  The equation for the reaction is as follows:
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A simplified version of the equation is:  
CV+                   +            OH-  (  CVOH







(crystal violet)     (hydroxide ion)

The rate law for this reaction is in the form: rate = k[CV+]a[OH-]b, where k is the rate constant for the reaction, a is the order with respect to crystal violet (CV+), and b is the order with respect to the hydroxide ion.  [Assume that the order of the reaction with respect to the [OH-] is zero.]  This experiment examines the quantitative dependence of the speed of a particular chemical reaction upon changes in temperature and changes in reactant concentrations.  Once the order of the reaction with respect to crystal violet has been determined, you will also find the rate constant, k, and the half-life for this reaction.  In addition, you will determine the activation energy of the reaction.

As the reaction proceeds, a violet-colored reactant will be slowly changing to a colorless product.  Using the green (565nm) light source of a Vernier Colorimeter, you will monitor the absorbance of the crystal violet solution with time.  We will assume that absorbance is proportional to the concentration of crystal violet (Beer’s Law).  Absorbance will be used in place of concentration in plotting the appropriate graphs.

Procedure:

In Part I you will observe the rate of reaction between given concentrations of crystal violet and sodium hydroxide.  In Part II you will hold the crystal violet concentration constant but vary the temperature.  

You will have available to use:
75 mL of 2.5 x 10-5 M crystal violet





75 mL 0.10 M sodium hydroxide





a Vernier Colorimeter w/cuvetts






a Vernier interface


Connect the computer, LabPro and Colorimeter as instructed

After opening the LabPro file:




Under the pull-down Experiment, select 




Data Collection





Mode







Time Based





Length






240 seconds







2 seconds/sample
Set the Colorimeter at 565 nm by pressing the < or > button to select the correct wavelength
Fill a cuvette about ¾ with distilled water for the blank (100% transmittance or 0 absorbance).  Wipe with sides of the cuvette with a soft cloth.  Insert the cuvette into the Colorimeter.  Important: Line up one of the clear sides of the cuvette with the arrow at the top of the cuvette slot.  Close the Colorimeter lid.  Next, press the CAL button to begin the calibration process.  Release the CAL button when the red LED begins to flash.  When the LED stops flashing, the calibration is complete and the unit is ready to collect data.
Part I: Crystal Violet Concentration Dependence

Using two different 10-mL graduated cylinders fill one with 10.0 mL of 2.5 x 10-5 crystal violet and the other with 0.10 M sodium hydroxide.  Simultaneously pour the crystal violet and sodium hydroxide solutions into a small beaker.  Carefully stir the reaction mixture with a thermometer and record the temperature as precisely as possible [this trial will also provide data for Part III].  Quickly rinse a clean cuvette with ~1 mL of the reaction mixture, dispose of the rinse, and then fill the cuvette about ¾ full.  Place the cuvette properly into the Colorimeter.  COLLECT the data, observing the solution in the beaker as it continues to react.  After the data collection is complete, save the data to the computer Desk Top.
Part II: Temperature Dependence

Repeat Part I at one lower temperature and three higher temperatures, but no higher than 450C.  The experimental temperatures should be in a reasonable “spread.”  Using a large beaker to immerse the graduated cylinders containing the solutions seems to be an appropriate way to heat & cool the solutions.  Complete the mixing and transfer to the cuvettes as quickly as you can.  [While temperatures will change somewhat during the experiment, this still fairly represents the concept.]  Use clean cuvettes.
Make sure you remove the cuvette from the colorimeter.  Clean all glassware and cuvettes which contained crystal violet with HCl(aq) and rinse with distilled water.  Place the cuvettes in the box with the colorimeter and return all materials to the appropriate location.
CALCULATIONS:
Part I:  Dependence of Concentration of Crystal Violet

In this entire experiment, we can observe that the changes in the rate of reaction are due solely to variations in the crystal violet concentration.  Since we are assuming that the reaction is independent of the hydroxide ion, the experimental rate law can be rewritten as follows:  rate = k*[CV+]a where k* is a pseudo rate constant.  The rate then should simply be proportional to some power (equal to a) of [CV+].  Graphing the data would assist us in determining the partial order of this reaction with respect to crystal violet.


However, you recorded the reaction time rather than the reaction rate.  As presented in lecture, one can determine the order of a reaction by graphing concentration and time in various forms to determine which one gives the most linear graph.  In this experiment, we could not directly measure the change in concentration of crystal violet.  Using the Colorimeter, we observed changes in the absorbance of the solution.  The Beer-Lambert Law, A = lc, [where A = absorbance & c = concentration] shows that absorbance is directly proportional to concentration.  [Prior to coming to the lab, search for Beer-Lambert Law in Wikipedia.  Familiarize yourself with the information under Equations (through the development of the equation) and Prerequisites.]  Thus, we will use absorbance, rather than concentration, in our graphs.  Thus: (1) Prepare three separate graphs and determine the partial order of this reaction with respect to [CV+];  (2) Upon determination of the partial order of this reaction with respect to [CV+], determine the pseudo rate constant, k*; (3) Determine the half-life of the reaction.
Part II: Temperature Dependence


Arrhenius discovered that the reaction rates often change with temperature according to the equation: 
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ADVANCE \d 2

ADVANCE \u 2.  Note that the rate constant k is related to the reaction temperature.  Using the appropriate plot from Part 1, construct one graph with all four Abs-time data and find the rate constant at each temperature.  After modifying the Arrhenius equation to a slope-intercept form, use these results to determine the activation energy of the reaction.

Grading Rubric

Name: ________________________

 
	Item
	Points/Out of

	Fundamental Information Provided (15)
	-

	
	

	Concentration Dependence
	

	
Appropriate Plots to Determine Order of Crystal Violet 


	/9

	
Clear & Complete Calculation to Determine the pseudo rate constant, k*, wrt [CV]
	/3

	
Clear & Complete Calculation to Determine Half-Life of Reaction wrt [CV]
	/3

	
	/15

	Temperature Dependence
	

	
Appropriate Plots to Determine Activation Energy
	/8

	
Clear & Complete Calculation to Determine Ea 
	/3

	
	/11

	Summary
	

	   
Appropriate English Used
	/4

	
Summary & Discussion of Results
	/6

	
	

	Appearance of Report
	/4

	
	/14

	Late (-4 for late labs: no credit after due date/time)
	

	
	

	TOTAL
	   /40
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