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. | will especially be interested in how you handled the
measurement and calculation of the unknowns! percent dissociation.

Indicatorsare substancesthat change colordue to changesin the acidity or
alkalinity of a solution in which they are dissolved. For thisreason, they are called
acid-base indicators. Indicatorsare usually weak acidsorbasesthemselves, but
their dissociated forms (which you willeventually learn are called Gconjugatesd
have different colorsdue to differencesin theirabsorption spectra.

Because of how the molecule@bondsneed to be arranged in orderto absorb
visgble light, indicatorshave complicated structures. Forinstance, the indicator
you willbe using in thisexperiment, bromothymol blue (BTB) hasthe following
chemical structure:

%

For smplicity, we{ represent BIB&ionization in a solution by the equilibrium:
HBTB = H* + BTB

The CHOIn front of BTB will remind you that it isa hydrogen ion that dissociates
from the rest of the molecule. Then we can define the equilibrium constant Kq :

[H][BTB]

In thisexperiment, you willdetermine the equilibrium constant K, for the
indicator bromothymol blue usng a spectrophotometerand a pH meter. Keep
in mind that bromothymol blue isblue when in the basic form (BTB) and yellow
when in the acidic form (HBTB).



The acidity or alkalinity of a solution can be represented by the concentration of
the hydrogen ion [H*]. Snce [H*] istypically very small, in orderto not write a lot
of scientific notation, a value called the pHwasdeveloped. The pH of a solution
isdefined as:

pH=blogio [H]

Use your calculatorto confirm that for a solution with [H*] =1.4! 10%, the pHis
4.85. Note that the number of significant figuresin the concentration isthe same
asthe numberof placespads the decimal point in the pH (the mathematicians
callthat part of the number the mantissq).

Forthe purposesof thisexperiment, we@ use the following notation:

[HBTB]initia1 = the concentration of HBTB before equilibrium isestablished; this
includesany dilution done to a stock solution of HBTB.

[BTB9eq = the concentration of the dissociated anion BIBPafter equilibrium is
established

[HBTB]eq = the concentration of the undissociated HBTB after equilibrium is
established

¥ Read sections 15.1 and 155 of McMurry and Fay for more details.

Your name, your partner@® name, date of experiment

Lab 1: The equilibrium constant of bromothymol blue

Part 1. Purpose

|@n guessing that thisis pretty easy, but you should mention the equipment you will
useto 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 alist 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 alist based on the procedure. Sketch the machines,
once you see them.

Part 3. Procedure



Taking thevisiblewavdength spectrum of bromothymal blue

1. Turn on the Spec 20 spectrophotometer; connect the digital output to the DB9 (data
in) port on the laptop (see the Ohstructions for connecting Digital Spectrophotometer 20
to LaptopOsheet). Make sure the Lab Pro software can detect the spectrophotometer.
Allow the lamp to warm up for ten minutes to stabilize light output.

2. Set up thefollowing solutions (use the small test tubes). N ote that they are the same
solutions ason Exercise 4 sheet.

Solution label volumeof 25! 10* | Volumeof 0.10M Volume of 0.10M
M bromothymol KHP (mL) KDP (mL)
blue (mL)

Oacdic formO 1.0 4.0 0.0

1 1.0 35 05

2 1.0 3.0 1.0

3 1.0 25 15

4 1.0 2.0 20

5 1.0 15 25

6 1.0 1.0 3.0

7 1.0 05 35

Olasic formO 1.0 0.0 4.0

Thefirst day you will need only the Oaddic formOand the Otasic formO;store the rest
upright, with stoppers, in your drawer.

3. Set the spectrophotometer to 400nm; make sure the filter switch is set to the correct
range.

4. Make surethe modeison C‘)'I'r\ansmissionc')and set 0%T according to the instructions
on the machine (or look on the O$ectronic 20D (Manual Operation)Osheet).

5. Set 100%Tby inserting a sample tube half-full of water into the sample chamber and
following theinstructions on the machine. Wipe the tube with alab wiper (Kimwipes)
to remove dust and fingerprints.

6. Switch the mode to absorbance and insert the Oaédic formOsample tube. Record the
absorbance value (aswell asthe wavelength!).

7. Remove that tube and insert the Olasic formOtube. 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 800nm isreached. You may wish to take
more data points at wavelengths where the absorbances Oget interestingQ

9. Plot wavelength (x-axis) versus absorbance (y-axis) of the Oaédic formOand Olasic
formO,ideally overlaid on the same set of axes (use different colorsto distinguish the
two spectra).




10.Determine " ., (wavelength of maximum absorbance) for all peaks on both spectra.
Making thecalibration curves and ddemining the acid dissociation constant

11.Mak e sure to use the same Spec 20 spedrophotometer asyou did the first day.
Turn on the machine; connect the digital output to the laptop. Make sure the Lab Pro
software can detect the spectrophotometer. Allow thelamp to warm up for ten minutes
to stabilize light output.

12.Obtain adigital pH meter. Follow theinstructions on the ORxckman 340
pH/ temperature probeOsheet to calibrate the machine (if the instructor deems this
necessary N the pH meters are often calibrated by the laboratory staff).

13.Measure and record the pH of each of the solutions you madein step 2,including
the Oaddic formOand the basic formOsolutions. Remember to rinse the pH electrode
in between measurements.

14. Set the spectrophotometer to one of the " .. 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 ", (remember the wavelength switch!).
After setting the 0%T and 100%r, go to absorbance mode, and measure and record the
absorbances of solutions 1through 7.

16.1f needeq, remeasure and re-record the absorbances of the Oaédic formOand the
Olasc formOsolutions at thetwo ", values.

Determining thepeacent dissociation of an unknown solution of bromothymal blue
17.0Obtain a half-tube measure of each of the three unknowns. Figure out the percent
dissociation of HBTB in each solution. N otice that thiswill 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 write down enough stepsin thispart so that someone else could
reliably reconstruct what you did.

18. Pour all HBTB-containing solutionsin the appropriate waste container; rinse out the
Spec 20 sample tubes and place them bacdk on the cart. Put away all machinesin their
appropriate areas.

Waste disposal N Special container in the hood for bromothymol blue-containing waste.

Part 4. Original data

Observations of Otefore and afterOcolor 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 2afor the data collected on the Oaddic formO
solution; table 2b for data collected on the (hasic formOsolution; table 3 for asummary of
your " ... 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 results

Note that in the Oaddic formC)squtiqn, all of the bromothymol blueisin the HBTB
(protonated) form. Smilarly, in the basc formOsolution, all of the bromothymol blue
isin the BTB® (deprotonated) form.

So you measured the absorbance for both " ., of the Caddic formOsolution when all of
the bromothymol blueis protonated; you measured the absorbance for both ", of the
Olasc formOsolution 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 " .

Then the absorbance must be corrected for absorptions not related to the indicator color
at that wavelength. In fadt, the lowest value of the absorbance at a given wavelength is
considered (backgroundQ and that valueis subtracted from the measured absorbance
to give the corrected absorbance value. For instance,

Asolution 1, corrected — Asolution 1 DAsqution 1, minimum

which can be modified for solutions 2 through 7 aswell (change the solution number
throughout the equation).

Now, you can calculate [HBTB],, based off of the absorbances!

[HBTBH]
[HBTBH]

at equilibrium for solution 1 Asolution 1

A

at equilibrium for the acidic form the acidic form

Notice that [HBTB],; equilibriun for the acidictorm = [HBTB]iniiair D€CaUSE all of the bromothymol
blueis protonated when it@in the addic form.

Asolution 1
ThUS, [HBTB]at equilibrium for solution 1 [HBTB]initial A
the acidic form
b
Sm”arly [BTB ]ﬂt equilibrium  for solution 1 _ Asolution 1
’ o) -
[BTB ]at equilibrium for the basic form Athe basic  form



N otice that for the basic form [BTB®),, cquitibrium for the basictorm = LH BTBl s beCause all of the
HBTB hasconverted into BTB®.

n A . %
WhICh means that [BTB_]at equilibrium for solution 1 = [HBTB]initia| i—solutlon L '

Athe basic form &

Notice that the calculation you perform does not end up with a[HBTB]qiiprium OF @
[BTB cquitibrium 9reater than [HBTB],,.. Thus, you will have to choose which ", you use
for each calculation ([HBTB]equiibrium OF [BTB equinibrium) Carefully.

Setup, either by hand or by spreadsheet, the calculation of both [HBTB]qqiprium OF @
[BTB quiiibrium TOr €aCH solution. If you use a spreadsheet, display any formulasused to
calculate any entry on the spreadsheet.

A sample calculation table may look like:

Asolut_ion 1 at Asolution 1, Asolution 1 at Asolution 1, [H BTB] equilibrium [BTB?I equilibrium
the first corrected At the 2nd corrected at
" the first "

max

"
max

max

the 2nd

max

You may wish to have more columnsif that would help keep the numbers straight.
Plot absorbance (x-axis) versus [BTBiiium (Y-aXis) at the proper " ..
Separately, plot absorbance (x-axis) versus [HBTB]qiinrium (Y-axis) at the proper " ..

These arethe 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 (r®) 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 theintroduction). Calculate K, for HBTB for each solution. Report a mean
and a standard deviation for K,. Throw out and justify throwing out any outliers.

Calculate a percent error between your mean value of K, the class mean value of K,and
the reference value of K, which | found on apossibly disreputable websiteas7.9! 10%.

Part 6. Group results

Write your mean K, on the overhead. Record all groupsCmeans and calculate a mean
and standard deviation for the class. Throw out and justify throwing out any outliers.



Part 7. Questionsand conclusion

1. Beer@Law is the equation that governs visible wavelength spectroscopy.
Mathematically, itisA =#cl, where A isthe absorbance of asolution, cisits
concentration, #is a constant called the Onolar extinction coefficientO(which depends
on the substance and the wavelength) and | isthe path length of the light through the
sample. In our case, ideally, what shape does Beer@ Law suggest that your calibration
curve should have been?In your graph, were there any deviations from thisideal
behavior? If so, suggest areason for the deviation.

2. Consider the class mean for K,. Does this value give you more confidence or less
confidence for the K, value | found on the possibly disreputable website? Explain
your answer.

Abstract

An abstract isasummary of alarger report or manuscript. In the sciences, it isused to
index millions of articles; for instance, the Chemical Abstracs Service (CAS) indexes
various articles by the chemical formula of the compound(s) used, so itis crucial that
one writes the chemical namesin the abstract of the journal article.

Remember to word-process thisand put it on a separate page. Attach it to the front of
your report; hereisthe format of the abstract:

Your name and partner@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 blueto be ,whichis % 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 futuretrials, we
would (not change the procedure at all/ change the following step(s)......).



