
 

Chemistry 160 
 

Please have the following pages ready before class on Wednesday, April 
11. An abstract (see the end of this handout) is needed for this write-up. 
The abstract and photocopied pages of the write-up are due in class on 
Monday, April 16. I will especially be interested in how you handled the 
measurement and calculation of the unknowns! percent dissociation. 
 
Ind ica tors a re substa nc es tha t c ha nge c o lor due to c ha nges in the ac id ity or 
a lka linity of a  solution in which they a re d issolved . For this rea son, they a re c a lled  
ac id-base ind ica tors. Ind ic a tors a re usua lly weak ac ids or bases themselves, but 
their d issoc iated  forms (which you w ill eventua lly lea rn a re c a lled  Òc onjuga tesÓ) 
have d ifferent c olors due to d ifferenc es in their absorp tion spec tra .  

Bec ause of how the molec uleÕs bond s need  to be a rranged in order to absorb  
visib le light, ind ica tors have c omplica ted  struc tures.  For instanc e, the ind ica tor 
you w ill be using  in this experiment, b romothymol b lue (BTB) has the fo llowing  
c hemic a l struc ture: 

 

 

 

For simp lic ity, weÕll represent BTBÕs ioniza tion in a  solution by the equilibrium:  

HBTB = H+ + BTB- 
 
The ÒHÓ in front of BTB will remind  you tha t it is a  hydrogen ion tha t d issoc iates 
from the rest of the molec ule. Then we c a n define the equilibrium c onstant Ka : 
     
                [H+][BTB-] 

Ka =     ---------- 
             [HBTB] 

 
In this experiment, you w ill determine the equilibrium c onsta nt Ka for the 
ind ica tor b romothymol b lue using  a  spec trophotometer and  a  pH meter. Keep  
in mind  tha t b romothymol b lue is b lue when in the ba sic  form (BTB-) and  yellow 
when in the ac id ic  form (HBTB). 
 



 

The a c id ity or a lka linity of a  solution c an b e represented  by the c onc entra tion of 
the hydrogen ion [H+]. Sinc e [H+] is typ ica lly very sma ll, in order to not write a  lot 
of sc ientific  nota tion, a  va lue c a lled  the p H was developed . The p H of a  solution 
is defined  as: 
 
pH = Ð log 10 [H+] 
 
Use your c a lculator to c onfirm tha t for a  solution w ith [H+] = 1.4 !  10Ð5, the pH is 
4.85. Note tha t the number of significant figures in the c onc entra tion is the same 
as the number of p lac es pa st the d ec ima l point in the pH (the mathematic ians 
c a ll tha t part of the number the mantissa). 
 
For the purposes of this experiment, weÕll use the fo llowing  nota tion: 
 
[HBTB]initia l = the c onc entra tion of HBTB before equilibrium is esta b lished ; this 
inc lud es a ny d ilution done to a  stoc k solution of HBTB. 
 
[BTBÐ]eq = the c onc entra tion of the d issoc ia ted  anion BTBÐ a fter eq uilibrium is 
estab lished  
 
[HBTB]eq = the c onc entra tion of the und issoc iated  HBTB a fter equilib rium is 
estab lished  
 
¥ Read sections 15.1 and 15.5 of McMurry and Fay for more details. 
 

       Your name, your partnerÕs name, date of  experiment 
 

Lab 1: The equi l i brium constant of  bromothymol  blue 
 

   Part 1.  Purpose 
 
IÕm guessing that this is pretty easy, but you should mention the equipment you will 
use to do this. A subgoal of this experiment will be to determine the percent 
dissociation of an unknown solution of bromothymol blue. Oh, and add the equilibrium 
expression that you will use to calculate the equilibrium constant. 
 

   Part 2. Materials and methods 
 
Chemicals needed: Write a list of the chemicals (it should be short). Include three 
unknowns A, B and C (all of them are bromothymol blue solutions varying only 
in pH). 
 
Equipment needed: make a list based on the procedure. Sketch the machines, 
once you see them. 
 

   Part 3. Procedure 



 

Taking the visible wavelength spectrum of bromothymol blue 
 
1. Turn on the Spec 20 spectrophotometer; connect the digital output to the DB9 (data 
in) port on the laptop (see the ÒInstructions for connecting Digital Spectrophotometer 20 
to LaptopÓ sheet). Make sure the Lab Pro software can detect the spectrophotometer. 
A llow the lamp to warm up for ten minutes to stabilize l ight output. 
 
2. Set up the following solutions (use the small test tubes). Note that they are the same 
solutions as on Exercise 4 sheet. 
 
Solution label volume of 2.5 !  10-4 

M bromothymol 
blue (mL) 

Volume of 0.10 M 
KHP (mL) 

Volume of 0.10 M 
KDP (mL) 

Òacidic formÓ 1.0 4.0 0.0 
1 1.0 3.5 0.5 
2 1.0 3.0 1.0 
3 1.0 2.5 1.5 
4 1.0 2.0 2.0 
5 1.0 1.5 2.5 
6 1.0 1.0 3.0 
7 1.0 0.5 3.5 
Òbasic formÓ 1.0 0.0 4.0 
 
The first day you w ill need only the Òacidic formÓ and the Òbasic formÓ; store the rest 
upright, w ith stoppers, in your drawer. 
 
3. Set the spectrophotometer to 400 nm; make sure the filter switch is set to the correct 
range. 
 
4. Make sure the mode is on ÒTransmissionÓ and set 0%T according to the instructions 
on the machine (or look on the ÒSpectronic 20D (Manual Operation)Ó sheet). 
 
5. Set 100%T by inserting a sample tube half-full of water into the sample chamber and 
following the instructions on the machine. Wipe the tube with a lab wiper (Kimwipes) 
to remove dust and fingerprints. 
 
6. Switch the mode to absorbance and insert the Òacidic formÓ sample tube. Record the 
absorbance value (as well as the wavelength!). 
 
7. Remove that tube and insert the Òbasic formÓ tube. Record the absorbance value. 
 
8. Increase the wavelength by 20 nm (check that the filter switch is set to the correct 
range) and repeat steps 5 through 8, until 800 nm is reached. You may wish to take 
more data points at wavelengths where the absorbances Òget interestingÓ. 
 
9. Plot wavelength (x-axis) versus absorbance (y-axis) of the Òacidic formÓ and Òbasic 
formÓ, ideally overlaid on the same set of axes (use different colors to distinguish the 
two spectra). 



 

 
10. Determine " max (wavelength of maximum absorbance) for all peaks on both spectra. 
 
Making the calibration curves and determining the acid dissociation constant 
 
11. Mak e sure to use the same Spec 20 spectrophotometer as you did the f i rst day. 
Turn on the machine; connect the digital output to the laptop. Make sure the Lab Pro 
software can detect the spectrophotometer. A llow the lamp to warm up for ten minutes 
to stabil ize light output. 
 
12. Obtain a digital pH meter. Follow the instructions on the ÒBeckman 340 
pH/ temperature probeÒ sheet to calibrate the machine (if the instructor deems this 
necessary Ñ  the pH meters are often calibrated by the laboratory staff). 
 
13. Measure and record the pH of each of the solutions you made in step 2, including 
the Òacidic formÓ and the Òbasic formÓ solutions. Remember to rinse the pH electrode 
in between measurements. 
 
14. Set the spectrophotometer to one of the " max. After setting the 0%T and 100%T, 
switch to absorbance mode, and measure and record the absorbances of solutions 1 
through 7. 
 
15. Set the spectrophotometer to the other " max (remember the wavelength switch!). 
After setting the 0%T and 100%T, go to absorbance mode, and measure and record the 
absorbances of solutions 1 through 7. 
 
16. If needed, re-measure and re-record the absorbances of the Òacidic formÓ and the 
Òbasic formÓ solutions at the two " max values. 
 
Determining the percent dissociation of an unknown solution of bromothymol blue 
 
17. Obtain a half-tube measure of each of the three unknowns. Figure out the percent 
dissociation of HBTB in each solution. Notice that this w ill require some creativity and 
insight on your part to determine how to do this calculation and what measurements 
are needed to do this calculation. 
 
Mak e sure that you wri te down enough steps in this part so that someone else could 
reliably reconstruct what you did. 
 
18. Pour all HBTB-containing solutions in the appropriate waste container; rinse out the 
Spec 20 sample tubes and place them back on the cart. Put away all machines in their 
appropriate areas. 
  
Waste disposal Ñ  Special container in the hood for bromothymol blue-containing waste. 
 

    Part 4.  Original data   
 
Observations of Òbefore and afterÓ color changes might be good. 



 

 
It appears that several tables are called for: Table 1 to show the setup of the solutions (see 
Procedure step 2) and the colors they are; table 2a for the data collected on the Òacidic formÓ 
solution; table 2b for data collected on the Òbasic formÓ solution; table 3 for a summary of 
your " max values; table 4 for recording the pH and the absorbances of all the solutions and 
table 5 for the data on the unknowns. 
 
Part 5.  Calculated resul ts   
 
Note that in the Òacidic formÓ solution, all of the bromothymol blue is in the HBTB 
(protonated) form. Similarly, in the Òbasic formÓ solution, all of the bromothymol blue 
is in the BTBÐ (deprotonated) form.  
 
So you measured the absorbance for both " max of the Òacidic formÓ solution when all of 
the bromothymol blue is protonated; you measured the absorbance for both " max of the 
Òbasic formÓ solution when all of the bromothymol blue is deprotonated. 
 
Look over your data for solutions 1 through 7; there should be no absorbance values 
that are higher than the maximum absorbance or lower than the minimum absorbance 
for each " max. 
 
Then the absorbance must be corrected for absorptions not related to the indicator color 
at that wavelength. In fact, the lowest value of the absorbance at a given wavelength is 
considered ÒbackgroundÓ, and that value is subtracted from the measured absorbance 
to give the corrected absorbance value. For instance, 
 
A solution 1, corrected = A solution 1 Ð A solution 1, minimum 

 
which can be modified for solutions 2 through 7 as well (change the solution number 
throughout the equation). 
 
 
Now, you can calculate [HBTB]eq based off of the absorbances! 
 

    

!  

[HBTB]at  equilibrium  for  solution  1  

[HBTB]at  equilibrium  for  the  acidic  form

=  
Asolution  1

Athe  acidic  form

  

 
 
Notice that [HBTB]at equil ibrium for the acidic form = [HBTB]initial, because all of the bromothymol 
blue is protonated when itÕs in the acidic form. 
 

Thus, 
    

! 

[HBTB]at  equilibrium for  solution 1  =  [HBTB]initial  
Asolution 1

Athe acidic form

" 
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Similarly, 
    

!  

[BTBÐ]at  equilibrium  for  solution  1  

[BTBÐ]at  equilibrium  for  the  basic  form

=  
Asolution  1

Athe  basic  form

  



 

 
Notice that for the basic form [BTBÐ]at equilibrium for the basic form = [HBTB]initial, because all of the 
HBTB has converted into BTBÐ. 
 

Which means that 
    

!  

[BTB– ]at  equilibrium  for  solution 1  =  [HBTB]initial  
Asolution 1

Athe basic form
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Notice that the calculation you perform does not end up with a [HBTB]equil ibrium or a 
[BTBÐ]equilibrium greater than [HBTB]initial. Thus, you w ill have to choose which " max you use 
for each calculation ([HBTB]equil ibrium or [BTBÐ]equilibrium) carefully. 
 
Setup, either by hand or by spreadsheet, the calculation of both [HBTB]equilibrium or a 
[BTBÐ]equilibrium for each solution. If you use a spreadsheet, display any formulas used to 
calculate any entry on the spreadsheet. 
 
A sample calculation table may look like: 
 
A solution 1 at 
the first 
" max 

A solution 1, 

corrected at 
the first 
" max 

A solution 1 at 
the 2nd 
" max 

A solution 1, 

corrected at 
the 2nd 
" max 

[HBTB]equilibrium [BTBÐ]equilibrium 

      
 
You may wish to have more columns if that would help keep the numbers straight. 
 
Plot absorbance (x-axis) versus [BTBÐ]equil ibrium (y-axis) at the proper " max. 
 
Separately, plot absorbance (x-axis) versus [HBTB]equil ibrium (y-axis) at the proper " max. 
 
These are the calibration curves. If you print them out, please make sure to tape them 
into the notebook neatly on a blank page of the notebook. 
 
(optional) Calculate the correlation coefficient (r3) and the equation of the best-fit line 
for each graph. Display both on the graph itself. 
 
Finally, you have all the parts of the equilibrium expression for the dissociation of 
HBTB (from the introduction). Calculate Ka for HBTB for each solution. Report a mean 
and a standard deviation for Ka. Throw out and justify throwing out any outliers. 
 
Calculate a percent error between your mean value of Ka, the class mean value of Ka and 
the reference value of Ka, which I found on a possibly disreputable website as 7.9 !  10Ð8.. 
 
 Part 6.  Group resul ts 
 
Wr ite your mean Ka on the overhead. Record all groupsÕ means and calculate a mean 
and standard deviation for the class. Throw out and justify throwing out any outliers. 
 



 

Part 7.  Questions and conclusion 
 

1. BeerÕs Law is the equation that governs visible wavelength spectroscopy. 
Mathematically, it is A = # c l, where A is the absorbance of a solution, c is its 
concentration, # is a constant called the Òmolar extinction coefficientÓ (which depends 
on the substance and the wavelength) and l is the path length of the light through the 
sample. In our case, ideally, what shape does BeerÕs Law suggest that your calibration 
curve should have been? In your graph, were there any deviations from this ideal 
behavior? If so, suggest a reason for the deviation. 
 
2. Consider the class mean for Ka. Does this value give you more confidence or less 

confidence for the Ka value I found on the possibly disreputable website? Explain 
your answer. 

 
   Abstract 
 
An abstract is a summary of a larger report or manuscript. In the sciences, it is used to  
index mill ions of articles; for instance, the Chemical Abstracts Service (CAS) indexes 
various articles by the chemical formula of the compound(s) used, so it is crucial that 
one writes the chemical names in the abstract of the journal article. 
 
Remember to word-process this and put it on a separate page. Attach it to the front of 
your report; here is the format of the abstract: 
 
Your name and partnerÕs name, North Seattle Community College 
DETERMINATION OF THE EQUILIBRIUM CONSTANT OF BROMOTHYMOL BLUE 
 
Using (what technique?), we determined the equilibrium constant of the indicator 
bromothymol blue to be ______, which is _____ % off of a published value. We have 
(strong/ some/ no) confidence in our result because (all obvious sources of error were 
eliminated/ most sources of error were eliminated, except....). For future trials, we 
would (not change the procedure at all/ change the following step(s):.....). 
 


