Kinetics of the Decomposition of Crystal Violet
NAME:________________________________________  PERIOD:_________

Prelab

Follow the data analysis procedure described in the lab.

1. Decide graphically whether the data for the decomposition of NO2, follows zero, first, or second order kinetics.

NO2 (g)   (   NO(g)  +  1/2  O2 (g)
a. Label the columns with the data calculated and enter the data. 

b. Sketch the graphs generated with labeled axes. Use the back of this page.

c. State the order of the reaction

d. Determine the value of the rate constant.

	[NO2]
	Time (min)
	
	
	

	0.020
	0
	
	
	

	0.015
	0.50
	
	
	

	0.012
	1.0
	
	
	

	0.010
	1.5
	
	
	

	0.0087
	2.0
	
	
	


2. Decide graphically whether the data for the radioactive decay of an isotope follows zero, first, or second order kinetics. 

a. Label the columns with the data calculated and enter the data. 

b. Sketch the graphs generated with labeled axes. Use the back of this page.

c. State the order of the reaction

d. Determine the value of the rate constant.

	Mass (mg)
	Time (day)
	
	
	

	500
	0
	
	
	

	389
	1
	
	
	

	303
	2
	
	
	

	236
	3
	
	
	

	184
	4
	
	
	

	143
	5
	
	
	

	112
	6
	
	
	


Kinetics of the Decomposition of Crystal Violet
Theory:


Crystal Violet reacts with hydroxide ion to form a colorless product. The equation for the reaction is shown here:
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The kinetics of the reaction is followed spectrophotometrically as the color of the Crystal Violet decreases with time using a computer interfaced to a Vernier colorimeter. 


According to Beer’s Law: 

 A = ( b c

Absorbance = (molar absorptivity) (cell path length) (molar concentration)

The absorbance of the Crystal Violet solution is proportional to its molar concentration since the molar absorptivity at a particular wavelength and the cell path length are constants. The decrease in concentration of the Crystal Violet is determined by monitoring the decrease in absorbance of the solution with time. The rate law for the reaction is given by:

Rate= k [Crystal Violet]a [OH-1]b
In this experiment, the concentration of the OH-1 ion will be large compared to the concentration of the Crystal Violet and will stay essentially constant with time. The concentration of the OH-1 can be combined with the rate constant, k, to give a pseudo rate constant, k’, and the rate law is re-expressed as:

Rate= k’ [Crystal Violet]a

The exponent (order) of the reaction with respect to the concentration of Crystal Violet will be determined graphically. If a graph of the [Crystal Violet versus time gives a straight line, then the reaction is zero order and k’ = - slope.  If a graph of ln [Crystal Violet] versus time gives a straight line, then the reaction is first order and k’ = - slope. If a graph of 1/ [Crystal Violet] versus time gives a straight line, then the reaction is second order and k’ = slope. We will use a Vernier colorimeter attached to the CBL and TI-83+ calculator.

Procedure: Vernier colorimeter

1.
Obtain and wear goggles.

2.
Use a 10-mL graduated cylinder to obtain 10.0 mL of 0.10 M NaOH solution. Use another 10-mL graduated cylinder to obtain 10.0 mL of 2.0 X 10-5 M crystal violet solution.

3.
Plug the colorimeter into a DIN adapter cable and then into Channel 1 of the CBL System. Connect the CBL System to the TI-83+ calculator with the link cable using the port on the bottom edge of each unit. Firmly press in the cable ends. 

4.
Turn on the CBL unit and the TI-83+ calculator. Press [PRGM] and select CHEMBIO. Press [ENTER]. “Prgm CHEMBIO” will appear. Press [ENTER]. “Vernier Software Biology and Chemistry with the CBL” will appear. Press [ENTER] again to go to the MAIN MENU.

5.
Set up the calculator and CBL for the colorimeter.

•
Select: SET UP PROBES from the MAIN MENU. Press [ENTER].
•
Enter “1” as the number of probes. Press [ENTER].
•
Select: COLORIMETER from the SELECT PROBE menu. Press [ENTER].
•
Enter “1” as the channel number. Press [ENTER].
•
This takes you to the calibration process. The calculator screen will display “Use [CH View] button on the CBL to monitor voltage. When stable press CBL [Trigger].” DO NOT PRESS [Trigger] and continue with the directions below.

6.
You are now ready to calibrate the colorimeter. First prepare a blank by filling a cuvette 3/4 full with distilled water. To calibrate the cuvette at 0% and 100% transmittance:

•
Place the blank cuvette in the cuvette slot of the colorimeter (be sure the clear sides of the cuvette are aligned the line on the colorimeter) and close the lid. Turn the wavelength knob of the colorimeter to the 0% T position. In this position, the light source is turned off, so no light is received by the photocell. When the voltage reading displayed on the CBL screen stabilizes, press [Trigger] on the CBL and enter “0” (the “reference”) in the TI-83+ calculator. 

•
Turn the wavelength knob of the colorimeter to the Green LED position (565 nm). In this position, the colorimeter is calibrated to show 100% of the green light being transmitted through the blank cuvette. When the displayed voltage reading stabilizes, press [Trigger] and enter “100” in the TI-83+ calculator. The slope and y-intercept of the calibration line will be displayed. Leave the wavelength knob of the colorimeter set to the Green LED position for the remainder of the experiment.

•
Press [ENTER] to return to the MAIN MENU.

7.
Set up the calculator and CBL for data collection.

•
Select: COLLECT DATA from the MAIN MENU. Press [ENTER].
•
Select: TIME GRAPH from the DATA COLLECTION menu. Press [ENTER].
•
Enter “2” as the time between samples, in seconds. Press [ENTER].
•
Enter “90” as the number of samples. Press [ENTER]. A screen will appear listing the sample time, number of samples, and the length of the experiment. Press [ENTER].  

   Select: Use Time Set Up. Press [ENTER].
•
Enter “0” as the minimum absorbance (Ymin). Press [ENTER].
•
Enter “0.5” as the maximum absorbance (Ymax). Press [ENTER].
•
Enter “0.1” as the absorbance increment (Yscl). Press [ENTER].
 
8.
You are now ready to begin monitoring data. To initiate the reaction, simultaneously pour the 10-mL portions of crystal violet and sodium hydroxide into a 100-mL beaker and stir the reaction mixture with a stirring rod. Empty the water from the cuvette. Rinse the cuvette with ~1-mL of the reaction mixture and then fill it 3/4 full. Place the cuvette in the cuvette slot of the colorimeter and close the lid. Monitor the percent transmittance reading on the CBL for about 10 seconds (the percent transmittance reading should be gradually increasing). Then press [ENTER] to begin collecting data. The graph of absorbance versus time will be displayed on the calculator and should show decreasing absorbance. During the 3-minute data collection, observe the solution in the beaker as it continues to react. When data collection stops after 3 minutes (“DONE” appears on the CBL screen), a message will be displayed stating Time will be in L1, Absorbance in L2 and Percent Transmittance in L3. Press [ENTER] to display a graph of absorbance vs. time. Discard the contents of the beaker and cuvette as directed by your teacher. Press [ENTER].

      9. Select: No (for repeat experiment) Press [ENTER].
       
  Select: QUIT from the MAIN MENU to leave the CHEMBIO program. Press [ENTER].
      10. To see the data, press [STAT]. EDIT will be highlighted. Press [ENTER]. Time will be in L1, absorbance in L2, and percent transmittance in L3.

11.
Analyze the data graphically to decide if the reaction is zero, first, or second order with respect to crystal violet. 

A. Zero Order: 

a. Press [STAT PLOT], then select: Plot1. Press [ENTER].  

b. Select Plot1 = On, Type = scatter,

c. Enter Xlist as L1, Enter Ylist as L 2, and the mark type to dot. 

d. Press [GRAPH], then [ZOOM]. Select: ZoomStat. Press [ENTER].
If the current graph of absorbance vs. time is linear, the reaction is zero order. Is the graph linear? Sketch the graph below. Label the axes and include units.


To see how well the data fits a line, a linear regression analysis will be run on the data.

a. Press [Y=]. Press [CLEAR] to clear the Y1= equation.

b. Press [STAT]. Arrow right to display the CALC menu. Select: LinReg(ax+b).
c. Press [L 1] [,] [L 2]. Press [ENTER].  The statistics are displayed for the equation in the

    form: y = ax + b

d. Record the value of the slope, a, _________  y-intercept, b, _________ and the correlation factor, r, _________. The closer the value of r is to 1.00, the better the data fits a straight line.

To display a best-fit regression line on the linear plot:

a. Press [Y=]. Press [CLEAR] to clear the Y1= equation, then press [VARS].
b. Select: Statistics, then arrow right to display the EQ menu. 

c. Select: RegEQ to copy the linear regression equation to Y1=.

d. Press [ZOOM], then select: ZoomStat. Press [ENTER].
B. First Order: To see if the reaction is first order, it is necessary to plot a graph of the natural logarithm of absorbance vs. time. 

a. Press [STAT]. EDIT will be highlighted. Press [ENTER].
b. Use the arrow keys to move the cursor so that it highlights the column heading of L3.

c. Press [ln] then press L2. Press [ENTER]. This should store the natural log of

   the absorbance values in L3.

d. To plot the graph: press [STAT PLOT], then select:Plot1. Use the arrow keys to position 

    the cursor on each of the following Plot1 settings. Press [ENTER] to select any of the 

    settings you change: Plot1 = On, Type = scatter, Xlist = L1, Ylist = L3, and Mark = dot. 

e. Press [GRAPH], then  [ZOOM]. Select: ZoomStat. Press [ENTER].
If the current graph of ln absorbance vs. time is linear, the reaction is first order. Is the graph linear? Sketch the graph below. Label the axes and include units. 


To see how well the data fits a line, a linear regression analysis will be run on the data.

a. Press [Y=]. Press [CLEAR] to clear the Y1= equation.

b. Press [STAT].  Arrow right to display the CALC menu. Select: LinReg(ax+b).
c. Press [L 1] [,] [L 3]. Press [ENTER].  The statistics are displayed for the equation in the 

    form: y = ax + b

d. Record the value of the slope, a, _________ y-intercept, b, _________ and the correlation factor, r, _________. The closer the value of r is to 1.00, the better the data fits a straight line.

To display a best-fit regression line on the linear plot:

a. Press [Y=].  Press [CLEAR] to clear the Y1= equation, then press [VARS].
b. Select: Statistics, then arrow right to display the EQ menu. 

c. Select: RegEQ to copy the linear regression equation to Y1=.

d. Press [ZOOM], then select: ZoomStat. Press [ENTER].
C. Second Order: To see if the reaction is second order, plot a graph of the reciprocal of absorbance vs. time. 

a. Press [STAT]. EDIT will be highlighted. Press [ENTER].
b. Use the arrow keys to move the cursor so that it highlights the column heading of L4.

c. Press L2 then press [x-1]. Press [ENTER]. This should store the reciprocal of the 

   absorbance values in L4.

d. To plot the graph: press [STAT PLOT], then select: Plot1. Use the arrow keys to

    position the cursor on each of the following Plot1 settings. Press [ENTER] to select any 

    of the settings you change: Plot1 = On, Type = Scatter, Xlist = L1, Ylist = L4, and 

    Mark = dot. 

e. Press [GRAPH], then [ZOOM]. Select: ZoomStat. Press [ENTER].
If the current graph of 1/absorbance vs. time is linear, the reaction is second order. Is the graph linear? Sketch the graph below. Label the axes with and include units. 


To see how well the data fits a line, a linear regression analysis will be run on the data.

a. Press [Y=]. Press [CLEAR] to clear the Y1= equation.

b. Press [STAT].  Arrow right to display the CALC menu. Select: LinReg(ax+b).
c. Press [L 1] [,] [L 4]. Press [ENTER].  The statistics are displayed for the equation in the 

    form: y = ax + b

d. Record the value of the slope, a, _________ y-intercept, b, _________ and the correlation factor, r, _________. The closer the value of r is to 1.00, the better the data fits a straight line.

To display a best-fit regression line on the linear plot:

a. Press [Y=]. Press [CLEAR] to clear the Y1= equation, then press [VARS].
b. Select: Statistics, then arrow right to display the EQ menu. 

c. Select: RegEQ to copy the linear regression equation to Y1=.

d. Press [ZOOM] then select: ZoomStat. Press [ENTER].
    12. Your teacher may direct you to transfer your data to Graphical Analysis, do the analysis, and print your graphs from there.

PROCESSING THE DATA

1. 
Was the reaction zero, first, or second order, with respect to the concentration of crystal violet? Explain.

2.
Calculate the rate constant, k, using the slope of the linear regression line for your linear curve (k = –slope for zero and first order and k = slope for second order). Be sure to include correct units for the rate constant. Note: This constant is sometimes referred to as the pseudo rate constant, because it does not take into account the effect of the other reactant, OH-.

3.
Write the correct rate law expression for the reaction in terms of the crystal violet concentration (omit the OH-1 concentration). 

4.
Using the data table, estimate the half-life of the reaction; select two points, one with an absorbance value that is about half of the other absorbance value. The time it takes the absorbance (or concentration) to be halved is known the half-life for the reaction. (As an alternative, you may choose to calculate the half-life from the rate constant, k, using the appropriate concentration-time formula.)

This exeriment is adapted from Experiment 30: Kinetics of the Decomposition of Crystal Violet  in Chemistry with CBL by Holmquist, Randall, and Volz from Vernier Software 1995

Kinetics of the Decomposition of Crystal Violet
Name:______________________________________ Period:__________

Lab Partner__________________________________ Course:__________

Data Table

1. Summary of the graphs of your data:

	
	Zero Order
	First Order
	Second Order

	Shape of graph
	
	
	

	Slope of regression line
	
	
	

	Y-intercept
	
	
	

	Correlation factor
	
	
	


2. What is the order of the reaction in crystal violet:_______________

3. Explain how you decided this.

4. Value of the rate constant for the reaction:________________ Show your calculation.

5. Rate law for the reaction:

6. Half-life of the reaction:_____________. Show your calculation.
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