The Fading of Bromophenol Blue
Goal
· Determine the rate law for the fading of bromophenol blue in basic solution.
· Better understand rate laws, rate constants, and orders of reaction.
Background
Bromophenol blue, H2Bp, is an organic compound having two acidic protons (H+'s) which are readily abstracted to form a blue dianion, Bp2-.  In this lab, you will be supplied with an aqueous solution of Na2Bp.  The blue dianion, Bp2-, in this aqueous solution reacts with excess hydroxide ion to form a colorless tri-negative ion Bp(OH)3- as shown below in equation 1.
Equation 1:  Reaction of Bp2- with OH-
	[image: reaction of Bp2- with OH-]

	Bp2- (blue)
	 
	Bp(OH)3- (colorless) 


The disappearance of the blue dianion in an excess of hydroxide proceeds at a rate that is easy to monitor as the half-life is on the order of minutes.  The overall rate law that describes this reaction can be written as follows:
	rate = k [Bp2- ]m[OH-]n
	(2)


where k is the overall rate constant, [Bp2-]   and [OH-]  are the time-dependent concentrations of the bromophenol blue dianion and the hydroxide ion, respectively, m is the order of the reaction with respect to Bp2-, and n the order with respect to OH-. To determine the rate law, the unknowns k, m, and n must be found.
One way to determine the order of a chemical reaction is to monitor the concentration of the reactant(s) versus time.  If a reaction is first order with respect to a particular species, X, then a plot of ln[X] vs. time is linear and the slope of the line is the negative of the rate constant.  If the reaction is second order with respect to X, then a plot of 1/[X] vs. time is linear.  Here, the slope is equal to the rate constant.
In a bimolecular reaction, such as the one above, determining the reaction order with respect to one species can be simplified by choosing reaction conditions in which the concentration of one reactant is so large that it is essentially constant during the course of the reaction.  In determining the rate law for this reaction, the hydroxide ion should be in large excess so that only the concentration of Bp2-  decreases during any one experiment.  Since Bp2-  is colored, its concentration can easily followed spectrophotometrically.  By monitoring the concentration of Bp2-  in two or more experiments with different concentrations of excess hydroxide, one can determine the order with respect to the [OH-] also.  This permits evaluation of the overall rate law and the rate constant.
You will need to use the spectrum below in order to determine the wavelength at which to set your spectrophotometers:
[image: Bp spectrum]
Figure 1:  Bromophenol blue spectrum 
Pre-Lab Work 
Complete the prelab worksheet. Download the provided Excel file with the worksheet.


Experimental 
With your lab partner, agree on a plan to determine the rate law for the reaction of Bromophenol Blue and sodium hydroxide. You should perform two reactions, each with a different (excess) NaOH concentration. Use your prelab as a guide to determine which concentrations and amounts to use in each solution you make. The initial concentration of Bp2- should be the same for each of your reactions, as described in your prelab.  Be certain to keep the ionic strength, which is related to the total number of ions present in a solution, the same for all trials.  This will be achieved in this experiment by keeping the sum of the [NaOH] and [NaCl] constant.  For example, [NaOH] + [NaCl] = 2M.  
We will be using computerized data collection for this lab that consists of a LabQuest 2 data collection device and a SpectroVis spectrophotometer attached to the LabQuest 2. 
1. From the file menu load the “BP_kinetics.qmbl” setup file
2. Calibrate the SpectroVis by following the information provided at your station.
3. Combine all the components of your reaction mixture, leaving the Bp last, fill the volumetric flask, and mix the solution. 
4. Quickly pour some of the mixture into a small beaker, and transfer some of the solution into a cuvette, and place the cuvette into the spectrophotometer
5. Start the data collection.
6. Stop the data collection when the absorbance drops below 0.1
7. Click on the file cabinet icon to save your data
8. Repeat the same steps for the second trial
9. Transfer your data into Excel by following the steps provided at your station
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