		

Pre-Lab Worksheet

1)  Consider the reaction between Crystal Violet, which is a dye (much like the Bromophenol Blue, which you will be using in this lab), and OH- ions:
[image: Image1]


a) Write the rate law for this reaction. Use “k” for the rate constant. Use “m” and “n” to represent the order of reaction with respect to CV+ and OH-, respectively: 

____________________ _____________________________________
b) 
In terms of m and n, what is the overall order of the reaction?: ___________
c) When there are multiple reactants in a reaction, it can be difficult to experimentally determine the reaction order of each reactant because both concentrations are changing as a function of time. To simplify the experiment, one reactant can be in extreme excess so that its concentration essentially remains constant during the reaction. Instead of using the rate constant, k, we use a “pseudo rate constant”, k’, which combines both k and the concentration of the reactant which remains constant. Thus, the rate law is written in terms of only one reactant concentration. If OH- is in extreme excess, write the simplified rate law, using the pseudo rate constant, k’, [CV+], and m: 

____________________________________________________________
d) Write an expression for k’ in terms of k, [OH-], and n:

  ____________________________________________________________


e) There were two experiments performed with the following initial conditions:
	Trial
	[CV+]0
(M)
	[OH-]0
(M)

	1.
	3.0x10-6 
	5.0x10-2 

	2.
	3.0x10-6
	2.5x10-2



In both trials [OH-] is not changing measurably during the reaction. However, the absorbance of CV+] is measured as a function of time and converted to concentration values using Beer’s Law ([CV+]=A/l), and the concentration values are listed in an Excel spreadsheet which can be found in the lab manual.
Depending on the order of CV+ in the reaction (m), the concentration of CV+ changes with time differently, however m can be determined from the graphical representation of the [CV+] over time data as follows:

	m
	Rate
	Integrated rate law
	Plot

	0
	Rate=k’
	Rate is independent of [CV+]
	[CV] vs. t

	1
	Rate=k’[CV+]
	


	


	2
	Rate=k’[CV+]2
	

	




Using Excel and the directions below, determine the order of the reaction with respect to [CV+].
· Open the provided Excel file.
· Complete the two columns to the right of the data for Trial 1 labelled “ln [CV+]” and “1/[CV+]”, respectively by adding the respective formulae (ln([CV+] and 1/[CV+]
· In cell C3 enter the formula: =ln(B3)
· Copy this cell into the remaining of column C
· In cell D3 enter the formula =1/B3
· Copy this cell into the remaining of column D
· Repeat the same for columns F and G using the values from column E for the concentrations for Trial 2
· Now make three plots from the data of Trial 1 onto the yellow areas: 
1. [CV+] as a function of time
2. ln [CV+] as a function of time 
3. 1/[ CV+] as a function of time
Hint: to highlight two non-adjacent columns in Excel for plotting follow these steps:
· Highlight cell A3 (first time point)
· Hold down the Shift and Ctrl keys, and press the Down Arrow key (this will highlight all the data in column A). Let the keys go
· Scroll up while column A remains highlighted
· While holding down the Ctrl key, and click on cell C3
· While holding down the Shift and Ctrl key, press the Down Arrow key. This will highlight the rest of the data in column C
· From the Insert menu insert a scatter plot
· Insert a linear trendline for each of the three plots.  Include the equation and the R2 on each plot.  
· Choose the representation (1,2, or 3 from the list above) that has the most linear relationship (R2 closest to 1) for both trials.  The most linear dependence determines the order of the reaction with respect to [CV+]: 
· zero order ([CV+] as a function of time most linear)
· first order (ln [CV+] as a function of time most linear) 
· second order (1/[ CV+] as a function of time most linear)
· Collect the correlation coefficients in the table below from the graphs
	m
	Plot
	Correlation coefficient

	0
	[CV] vs. t
	

	1
	

	

	2
	

	


Order of reaction with respect to [CV+]: __m = 1_____

Now that you have determined the order of the reaction with respect to [CV+], you know which plot will be linear for Trial 2. Add this graph to the plot of the data of Trial 1, including the equation and R2, and attach it to this pre-lab. 
Hint: to add data to one of the three graphs follow these steps:
· Click on one of the data points, then right click to bring up the context menu
· Select Select Data
· Click on the Add button
· Click on the spreadsheet icon in the end of the Select X values line
· Highlight the time values in column A and click on the spreadsheet icon again 
· Click on the spreadsheet icon in the end of the Select Y values line
· Highlight the time values in the column that you wish to plot (E, F, or G) and click on the spreadsheet icon again
This plot now should have two sets of data (one for each Trial) with the representation that is most linear and the respective equations (with the R2 vales). [image: ]


Just like the rate constant is the absolute value of the slope of the most linear plot for a one-reactant reaction, k’ is the absolute value of the slope of the most linear plot for a reaction with one reactant in large excess. Report your k’ values for each trial, including appropriate units of time (rate has units of  or M/s):
	Trial 1, k’ = ______6.65x10-3  s-1________
	Trial 2, k’ = ______3.33x10-3  s-1________		
i) Using your calculated values of k’ and your expression for k’ in terms of k, [OH-], and n; solve for n, the order of the reaction with respect to  [OH-]. Show your work here:



 	n = _1______________
ii) Solve for k. Include appropriate units of time. k = __0.13 M-1s-1____________
iii) Finally, write out the rate law including numerical values for k, m, and n:

	    ___________________ __________________
2) In this lab, you will be reacting Bromophenol Blue (Bp2-) with NaOH. NaOH will be in extreme excess. You will be measuring the concentration of Bp2- as a function of time and using plots to determine the order with respect to Bp2-. Bp2- is blue in color, but when it combines with NaOH, the products are colorless. The solution appears to fade with time. You will be measuring [Bp2-] spectroscopically: absorbance as a function of time. Because Bp2- begins to react immediately, as soon as you make your solution you no longer know the concentration of Bp2- in solution. Therefore, it is not necessary to use volumetric glassware to measure Bp2-. However, the ratio of NaOH concentrations for your two trials is very important to your calculations, so you must use volumetric glassware to measure NaOH. Use the solutions given in the Materials and Equipment list (shown on the next page) to create the solutions you will need for your experiment. Show all calculations. 

[bookmark: _GoBack]
Materials and Equipment Provided
· 4 M NaCl
· 4 M NaOH
· 0.5 g/L bromophenol blue (Na2Bp = Na2C19O5Br4SH8) 
· 50.00 mL and 100.00 mL volumetric flasks
· Volumetric/graduated pipettes
· Graduated cylinders
· Computers with Logger Pro software and colorimeters.

a) Describe how you would prepare 50.00 mL of a solution that is 0.02 g/L  Bromophenol Blue in 2.00 M NaOH. Convert the Bromophenol Blue concentration to M (FW = 714 g/mol). Show all calculations below the table. Consider, that the higher the concentration of the reactants when you mix them, the faster the reaction starts, the more you miss before you start the data collection. Therefore, when you make the solution in your strategy you want to dilute one reactant as much as you can before adding the second reactant (use as many entries in the table as you need).  

Glassware used for the 50.00 mL solution: _____50-mL volumetric flask_________________

	Step
	Added solution/water
w/conc.
	Volume of added solution/water
(or indicate to fill to the mark if applicable)
	Glassware used
	Final conc. after dilution to 50.00 mL

	1
	4.00 M NaOH
	25.0 mL
	Volumetric pipet
	2.00 M

	2
	water
	20 mL
	50 mL grad. cylinder
	N/A

	3
	0.5 g/L Bp
	2.00 mL
	2-mL pipet
	0.02 g/L, 2.8x10-5M

	4
	water
	Fill to mark
	N/A
	N/A

	5
	
	
	
	











b) Describe how you would prepare 100.00 mL of a solution that is 0.02 g/L Bromophenol Blue in 1 M NaOH and 1 M NaCl. [The reason we include NaCl is that “ionic strength” (a measure of the total number of ions in solution) affects the rate of reaction. We use NaCl so that we can change the NaOH concentration without changing the ionic strength.] Show all calculations. Convert the Bromophenol Blue concentration to M.

Glassware used for the 100.00 mL solution: _____100-mL volumetric flask_______________




	Step
	Added solution/water
w/conc.
	Volume of added solution/water
(or indicate to fill to the mark if applicable)
	Glassware used
	Final conc. after dilution to 100.00 mL

	1
	4.00 M NaOH
	25.0 mL
	Volumetric pipet
	1.00 M

	2
	4.00 M NaCl
	25.0 mL
	50-mL grad. cylinder
	1.00 M

	3
	water
	40 mL
	50 mL grad. cylinder
	N/A

	4
	0.5 g/L Bp
	4.00 mL
	10-mL piet
	0.02 g/L, 2.8x10-5M

	5
	water
	Fill to mark
	N/A
	N/A





3) For the Bromophenol Blue experiment, rate = k[Bp2-]m[OH-]n. 
a) In the solutions that we designed above, NaOH is in such excess that its concentration is essentially not changing during the reaction. Fill in the blanks below, using [Bp2-], [OH-], k, m, and n:


		rate = k’ ____________________
					

			k' = _______________________

b)  We know from Beer's Law that absorbance is proportional to concentration, and, knowing the molar absorption coefficient at the wavelength of the measurement, the absorbance values can be readily converted to concentration values. Therefore, we can plot the concentration vs. time data just like we did in question 1, and determine k'. How will you determine k' from the data plots? 
_The slope of the ln[Bp2-] vs. time graph is k’__________________
__________________________________________________________
c) Using the information you have provided in questions 2 and 3, describe how you will determine the complete rate law (i.e. how you will identify k, m, and n) for the Bromophenol blue reaction, just as you did in question 1. Include equations. 
Best fit is the ln[Bp2-] vs. time (and the exponential fit on [Bp2-] vs. time), therefore m = 1.
To determine n:
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