CHEMISTRY 122L
Separations and Measurements Laboratory
Spring, 2003
Tu/Th 1-5pm
Dr. Bradford D. Pendley
411 Kennedy Hall: 843-3959

GOALS: The goals that you should work towards are;

1. To learn to make observations and assessithgartance;

2. To learn to perform several techniques commaasd in chemical analysis;

3. To learn to keep a scientific notebook andaimmmunicate the results of a scientific investigaiio a
clear manner.

LAB MANUAL: The experiments you will explore come from aeigrof sources. You are provided
with a lab manual that details the procedures &heexperiment.

EVALUATION:  Your grade in this course is based on your cetigl of and performance on several
laboratory assignments designed to assess youremast the three goals listed above. For each
experiment except team challenges, you will bewatad on whether or not you made certain critical
observations, your ability to perform certain measents, and your analysis and presentation of your
findings. Specifically, each experiment exceptieznallenges will be assessed as follows:

Base (all lab work, analysis and a completed regodtnotebook turned in by the deadline): 45%
Observations, explanations, accuracy, precisidoutions: 30%
Attention to detail (report format, spelling, grammetc.): 10%
Notebook (complete, accurate account of your proeeg] data and calculations): 10%
Clarity of expression in your written report: 5%

Since we will not have discussed the theory bebkexch experiment prior to your doing it, you mayéav
to consult other resources (such as your textbewkkwoks found in Burrow Library) to explain the
observations you made. All experiments excepfitseone will count either 100 or 200 points (tiss
noted on the schedule on page 6). The first repdktbe a practice report and will not count ireth
determination of your grade. The total number oihts attained on the reports determines your final
grade.

Grade Total points

Al A- 940-1000: 900-939
B+/B/B- 880-899: 840-879: 800-839
C+/C/C- 780-799: 740-779: 700-739
D+/D/D- 670-699: 580-669: 550-579
F below 550

POLICIES: My expectation is that you will attend all labsess directed otherwise. If you are absent
from a lab, you will not be given additional tineedomplete the work unless the absence is excused.
each laboratory experiment, you are to keep aewitecord of your procedure, observations, data and
calculations in your laboratory notebook. Unleweowise specified, you are required to turn in the
notebook along with a typewritten report no latert the beginning of the lab period one week dlfter
scheduled end of the experiment. Unless therexdenuating circumstances, reports turned in #fier
time but before two weeks after the scheduled énkdeoexperiment will have 10% of the total avaiéab
points deducted. Reports will not be accepted #fis time and zero points will be recorded fag th
assignment.



LABORATORY NOTEBOOK FORMAT:

Title/Date;
Procedure:

Data/Observations:

Calculations

The procedure includes all experimental detalkstee to conducting the
experiment.

All measurements and observations made duringxtperiment should be
recorded directly in your notebook immediately afteey are made. Please label
all data and observations clearly.

Include all calculations in this section andnty what you are calculating.

TYPEWRITTEN REPORT FORMAT (for experiments 1-3):
Title/Date/Name/Pledge:

Introduction

Procedure:
Results/Discussion

References:

State what you are studying or determining ahg this is important.

State the principle(s) behind the analysis and gogations for all pertinent
chemical reactions related to the analysis.

You may cite the procedure in the lab manual.

Present all tables and graphs of data.

Compare results with expected values. Notedifices.

State all important observations.

Explain all important observations (include eiuas if applicable).

(if appropriate)

TYPEWRITTEN REPORT FORMAT (for experiments 4-6):
Title/Date/Name/Pledge:

Introduction

Procedure:
Results/Discussian

References:

In narrative form, briefly describe what you atadying or determining and why
this is important. In addition, explain the priplei(s) behind the analysis and
give equations for all pertinent chemical reactiforghe analysis.

You may cite the procedure in the lab manual.

This section should contain an organized (iahlds, graphs) presentation of the
results of your experiment, a comparison with expeealues and a discussion
of any significant difference. In addition, youosiid state and explain all
important observations.

(if appropriate)

Use this checklist to help you write your report.

In the report,

1. Do you have a cover page, introduction, prooedwsults/discussion section and references?

2. In the introduction have you,

- stated what you are studying and why?
- explained the principle behind the analysis deskcribed any pertinent chemistry related to it?

3. In the results and discussion section have you,

- stated the results of your investigation and garad those results with accepted values?
- stated and explained all important observatinage during your investigation?

4. Have you properly referenced all appropriateemait?

5. Do you have page numbers, are graphs needddaduaded, and have you proofread the report?



References

During the course, you may want additional infotigra to help you understand a concept or
interpret your data. | encourage you to come toame ask questions and/or consult written material
(i.e., books and/or journals) to better understdmase concepts or to learn more about the subject.
However, you may NOT consult laboratory reports writen by former Chemistry 122 students.

Any time that you use either thdeas or writings of another person in your report, you must
acknowledge that you are not the originator of thatk. This is a professional courtesy, and failto
give proper credit is plagiarism. In this courseecommend that you use the following format to
properly cite another author's work.

Journal publication:

1. First author last name, FI, MI; next autldournal name abbreviation year of publication, volume
number, inclusive page numbers.

For example,

1. Lindner, E., Gyurcsanyi, R.E., Pendley, B.D. “A mga into the bulk of solvent polymeric pH
membranesPure & Applied Chemistry, 2001, 73, 17-22.

Book:

1. First author last name, FI, MI; next autAaiie of book, edition; publisher: place of publication, year
of publication; chapter (or pages).

For example,

1. Harris, D. CQuantitative Chemical Analysis, 6th ed.; Freeman: New York, 2003; chapter 1.

Laboratory Manual:
1. Pendley, B. D. Chemistry 122 lab manual. 2003.

Website:
1. “Title of website,” address, date accessed.
For example,

1. “National Institutes of Standards and TechnoJogitp://www.nist.goy accessed 1-8-02.

Notes:

1. The number of the reference (superscriptedjldhoe listed after the cited material in your tefor
example, if you consulted chapter 13 in Harris éphyou explain some of your observations on the
second lab experiment, and this happened to bdirstereference you used, then you would place
immediately following that explanation in your dission. If, at a later point in your discussionopy
again refer to Harris, refer to that referencé again.

2. You should cite the procedure for the labosaxperiments by citing the laboratory manual.



SAMPLE LABORATORY NOTEBOOK DOCUMENTATION

The determination of the hardness of water by E@iration 1/28/03

| weighed some dry Nal, EDTA - 2H,0 and dissolved it in 1.000 liter of deionized wate

weight of Na}HzEDTA . 2H20: 0.3107g
observation The EDTA dissolved readily to form a clear, atdss solution.

A 10.00mL portion of Evian water was pipeted iat@50mL Erlenmeyer flask and 3mL
of the pH 10 buffer solution along with 3-4 dropk Eriochrome Black T indicator and 15 mL of
deionized water was added. The sample was tittatgtthe color changed from wine-red to blue.

observation: The bottled water remained clear and colorlessr @ddition of pH 10 buffer and had a
characteristic ammonia smell. After addition of triochrome Black T indicator, the solution turreed
clear wine-red.

initial buret reading: 0.05mL wine-red
final buret reading: 20.15mL blue
volume of EDTA added: 20.10mL

initial buret reading: 0.10mL wine-red
final buret reading: 20.15mL blue
volume of EDTA added: 20.05mL

initial buret reading: 0.00mL wine-red
final buret reading: 20.24mL blue, overshot endpoint
volume of EDTA added: 20.24mL

initial buret reading: 0.20mL wine-red
final buret reading: 20.24mL blue
volume of EDTA added: 20.04mL

A blank was performed using 25.00mL of deionizedera

observation: The blank remained clear and colorless aftertanhdof the pH 10 buffer solution and had
an ammonia smell. After addition of the indicative solution turned a clear wine-red.

initial buret reading: 31.10mL wine-red
final buret reading: 31.16mL blue
volume of EDTA added: 0.06mL

To determine the concentration of calcium in tlaes, a 10.00mL portion of bottled water was
pipeted into a 250mL Erlenmeyer flask and 15 mdeibnized water was added along with 30 drops of
50% NaOH was added to the solution and swirledvforminutes to precipitate the Mg(O}-J)About

0.2g of solid hydroxynaphthol blue indicator wasled to the flask and the sample was titrated vhi¢h t
EDTA solution. The titrated solution was allowedstand and was occasionally swirled to redissolve
any Ca(OH% that may have precipitated. It was then titrated blue endpoint if necessary.

observation:Upon addition of the 50% NaOH solution to theavathe solution remained clear and
colorless. After addition of the indicator, thdwgmn turned a clear, pale wine-red.

initial buret reading: 0.10mL wine-red, very @al
final buret reading: 10.14mL pale blue, let stand 2 minutes, still blue
volume of EDTA added: 10.04mL



initial buret reading: 0.00mL wine-red, very @al

final buret reading: 10.10mL pale blue, let st2minutes, turned pink
initial buret reading: 10.10mL

final buret reading: 10.15mL pale blue, stayed blue

volume of EDTA added: 10.15mL

initial buret reading: 0.06mL wine-red, very @al

final buret reading: 10.14mL pale blue, let stand 2 minutes, still blue
volume of EDTA added: 10.08mL

initial buret reading: 1.00mL wine-red, very @al

final buret reading: 11.14mL pale blue, let stand 2 minutes, still blue
volume of EDTA added: 10.04mL

A blank was performed using 25.00mL of deionizedera

observation: The blank remained clear and colorless aftertaadbf the 50% NaOH solution. After
addition of the indicator, the solution turned eaclpale wine-red.

initial buret reading: 41.10mL wine-red, very @al
final buret reading: 41.14mL pale blue

volume of EDTA added: 0.04mL

Calculations:

Molarity of the EDTA solution:

0.3107 g EDTA x~MIEDTA _ I EDTA
FW of EDTA

mol EDTA
M (EDTA) = T 1.000L - answer

(moles of C&" + moles of Mg*):

Titration 1:

(0.02010L EDTA sol'n - .00006L)x M EDTA sol'nx LmolEDTA

- ——=mol C&" + Mg?*
1(molCa” + Mg“)

Repeat for other titrations and other calculations.
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CHEMISTRY 122L
Separations and Measurements Laboratory
Introduction

Science is that human endeavor that seeks to staddr how and why the universe
works. The general approach that scientists udeying to answer these questions is to first
define and ask a specific question about the wgekof a piece of the universe. Almost always
the scientist has some knowledge about the paati@area that is of interest to her or him and
with this knowledge, the scientist makes a hypaghabout how or why something works the
way it does, and then designs some experimentdothe hypothesis. The experiment is
performed while the scientist carefully observed agcords the events of the experiment, and
from these records, the scientist can compare thdigied results with those observed and
support or refute the original hypothesis.

Chemists try to understand how and why atoms apldgules behave in the fashion they
do, and to use this knowledge to improve the qualft human life. In designing chemical
experiments, the chemist must consider what inftionds sought about some atom, molecule
or collection of both and what is the best way bam this information. When scientists want
such information, they do what most people do; gileir senses, they observe some property or
collection of properties of the substance and lémksome pattern which leads them to the
information they need to answer the question tiske@d However, life is complicated. Many
times our senses cannot give us the "data" we toeadswer a question, or our senses give us so
much information that we cannot make sense outl @f d, or our senses deceive us. Because
of these complications, scientists try to develests that reliably ascertain the information that
our senses cannot provide. And in order to deviilepe tests, a theoretical understanding of the
concepts and principles that relate the measumald®servable quantities to the desired property
must be understood. These tests follow one ofstnadegies. The first is separatethe desired
component from everything else that interferes with observation and measurement of the
property of interest. The second is to designsa tieat allows the scientist to observe and
measureonly the desired component's property.

In this course you will learn about several of thajor tests that scientists use to study
chemical systems, and the principles on which #ireybased. The laboratory experiments will
teach you about these tools and about doing sciexoerr laboratory experience will not focus
on tests that illustrate principles in the lectubet rather you will construct those principles
based on your measurements and observations laktbeatory. Thus, you will be doing science
the way scientists do: constructing models of how why something works based on a critical
analysis of observations and measurements madegdarcarefully planned experiment. It is
critical that while you are performing all aspeofsyour experiment, no matter how trivial, you
pay very close attention and be open to observet wltaurs. Many times in science
"unexpected" results in an experiment occur. Qisgrand assessing the value of these results
is a critical skill you should develop. In the eximents you will do this semester, many planned
"unexpected” events will occur during the courseanfexperiment. Part of what you will be
evaluated on will be your ability to make keen alagons and measurements and assess their
importance and implications.



Experiment 1: Relationship between a penny’s massd its year of minting

In this first laboratory experiment, you will instigate the relationship between the
weight of a U.S. penny and the year it was mintédu are to weigh between 10 and 15 pennies
to investigate this relationship. | will providewy with the pennies (although you are free to
bring your own sample). You may use any of theubeds in this lab that you choose, and the
manner in which you make the measurement is also glooice. However, you should make a
hypothesis about the relationship and then desar yneasurement to provide you with the
appropriate information. For instance, suppose postulate that the weight of the penny is
larger for older pennies than for newer ones bexaifsall the fingerprints and grime that
accumulates on the surface. Therefore, you mightwsh to clean this grime off the surface and
not touch the pennies (and thus put additionakdiralls on them) during the weighing.

After you have weighed your pennies you are tavdseeliminary conclusions from your
results. Was your hypothesis correct? We wilhtdescuss similarities and differences between
your results and those of your classmates, as asgetlifferent ways to present your results that
maximizes the information you wish to convey. Neydu will pool your data and see what
conclusions you can draw. And finally, you may gmee additional experiments to further
clarify your conclusions, and if so, you will beé to pursue these.

Since this is the first laboratory experiment, ywoill be required to turn in your lab
notebook and a report but it will not be "gradethstead, | will provide you with feedback based
on your data, observations, calculations, orgammaapresentation of results and the conclusions
you have drawn from both your and your classmatatd. Based on these results, we will
discuss errors, precision, accuracy, and statisteatment of data.

This experiment is an adaptation of an experimescdbed by Ricci, R.W.; Ditzler, M.Al
Chem. Ed. 1991, 68, 228-231.



Experiment 2: Analysis of C&* and Mg®* in bottled water

Natural bottled water has become very popularhien past five years, and numerous
companies distribute a variety of products sucmaeral, spring, or artesian water. The Food
and Drug Administration places specific definitioos these categories, and one of the
distinguishing characteristics of these waterh&amount of Cd and Md* in them.

Given the variation in the concentration offCand Md* with product, your task in this
laboratory experiment will be to determine the @ntration of C& and Md" in a bottled water
of your choice.

A standard method for determining the concentnatib C&" and Md" is by titration
with EDTA (ethylenediaminetetraacetic acid), a rheteelating agent that reacts with both of
these ions. The procedure you will use is a dijgaltered version of the one found in your
textbook, Experiment 29-9. The entire proceduideisiled below.

1. Analytically weigh about 0.3g of dry N&,EDTA - 2H,0 and dissolve it in 1.000L of
deionized water. Mix well.

2. Pipet 10.00mL of the bottled water sample atd50mL Erlenmeyer flask and add
about 15mL of deionized water, 3mL of pH 10 buSetution and 3-4 drops of the Eriochrome
Black T indicator solution. Titrate the samplewihe EDTA solution. The color changes from
wine-red to blue at the endpoint. Repeat thetimmauntil your precision is less than 0.2%.
Perform a blank using 10.00mL of deionized watestaad of the bottled water.Note:
Depending on the concentration of?Cand Md" in your bottled water, you may have to dilute
the bottled water with deionized water or adjust #imount of bottled water you use in order to
use a convenient amount of titrant.

3. For the determination of calcium, pipet 10.Q0of the bottled water into a 250mL
Erlenmeyer flask, add 15 mL of deionized water, 3@dirops of 50% NaOH to the solution and
swirl for two minutes to precipitate the Mg(Of{)Add about 0.2g of solid hydroxynaphthol blue

to the flask and titrate the sample with the EDToduson. Let the titrated solution stand and
occasionally swirl it to redissolve any Ca(QHfjat may have precipitated, then titrate to a blue

endpoint if necessary. Perform a blank using 10100f deionized water. Repeat the titration
until you obtain a precision less than 0.2%.



Experiment 3: Acid-base chemistry

Acid-base reactions are used by scientists in nvaays. One common use involves
determining the volume of a standardized acid @ehb#eeded to completely react with another
base or acid of unknown concentration, and theating this volume to the concentration of the
base or acid. Such acid-base titrations commomigl@y an acid-base indicator, or a chemical
compound that signals the completion of the reactio

Another use of acid-base reactions involves alaimaicid-base titration experiment, but
now the course of the reaction is followed by meaguthe pH of the solution that is being
titrated and not the use of an acid-base indicaldns allows the endpoint of the titration of the
base or acid to be determined.

In this experiment, you will first prepare andrstardize a solution of hydrochloric acid
using an indicator to signal the endpoint of thacten. After you have accomplished this, you
will then use your standardized acid to titratermwn quantity of a pure base, and you will
follow the course of the reaction by using a pHcetale and meter to measure the pH of the
solution as you titrate. From an analysis of tteta, you will determine the compound's
equivalence weight.

The procedure for the first part of this experitnean be found in experiment 29-5 of
your textbook (p 849). The entire procedure isitiet below.

1. Prepare approximately 1 liter of 0.1M HCI frohe 1 M HCI stock solution. Mix.

2. Standardize the HCI solution in the followingumer. Accurately weigh enough dry
sodium carbonate to react with about 25mL of theMOHCI solution and place it in an
Erlenmeyer flask. The reaction is,

2HCl + NgCO, - CO, + 2NaCl + HO

Dissolve the sodium carbonate in about 25mL of mieed water and add a few drops of
bromocresol green indicator.

3. Titrate the sample until it just turns from &lto green (If the solution turns yellow,
you have added too much HCI). Then boil the sotuto expel the dissolved carbon dioxide.
The solution should return to a blue color.

4. Continue titrating the sample until you redod &€ndpoint (green). You should repeat
this procedure at least four times to obtain aipt@e less than 0.1%. You should also perform a
blank titration with 50mL of 0.05M NaCl and usingetsame number of drops of bromocresol
green as used previously.

5. Obtain a sample of your base and dry it at’C1for two hours. Accurately weigh
about 0.3g of your pure, dry sample into a beakelr dissolve it in 100mL of deionized water.
Titrate your sample with the HCI and follow the ¢tan using a pH electrode and meter,
recording the pH of the solution after every ondliliter of acid has been added. | will
demonstrate the use of the pH meter and electredeel as the experimental setup for this
portion of the experiment. Prepare a graph ofdehdsta (pH vs. volume of HCI added) and
determine the equivalence volume. Then, repeatitifagion twice with two new 0.3g portions
of your sample. However, for these two trials, wh@u are within a few milliliters of the
equivalence volume, use 0.1-0.2mL instead of 1ndreiments so that you will be able to more
accurately determine the equivalence volume. Riwgse data, you will determine your base's
equivalence weight.

10



Experiment 4. Spectrophotometric determination ofiron in an iron
supplement tablet

In this laboratory experiment, you will determithe amount of iron in a commercial iron
supplement tablet. | will provide you with the nrgupplement, or you may provide your own
sample if you check with me first.

The procedure for this experiment is found in expent 29-17 of your textbook (pp
863-864). The entire procedure is detailed below.

1. Prepare atandard Fe solution by dissolving 0.141g of reagent-griedeNH,),(SO,),,
- 6H,0 in deionized water in a 500mL volumetric flaskntaning 0.5mL of concentrated
sulfuric acid.

2. Place one Fe tablet in a 100mL beaker andgewitly (in the hood) with 25mL of 6M
HCI for about 20 minutes. Filter the solution ird.00mL volumetric flask and rinse the beaker
several times (with small portions of deionized evptto complete the quantitative transfer.
Dilute to the mark with deionized water. Pipet@rlL of this solution into a clean 100mL
volumetric flask and dilute to the mark with demed water. Thisliluted Fe tablet solution
will be used in steps 4 and 6.

3. Pipet 10.00mL of thetandard Fe solution into a beaker and measure the pH avith
pH electrode and meter. Add the sodium citratetsmi dropwise until you reach a pH of 3.5.
Count the drops needed.

4. Pipet 5.00mL of thdiluted Fe tablet solutioninto a beaker and measure the pH with
a pH electrode and meter. Add the sodium citrakgtisn dropwise until you reach a pH of 3.5.
Count the drops needed.

5. Pipet a 10.00mL aliquot of tltandard Fe solution into a 100mL volumetric flask
and add the same number of drops of citrate solyon used in step 3 to bring the pH of the
solution to 3.5. Prepare three more Fe soluti@nsgu5.00, 2.00, and 1.00mL of tsendard
Fe solution and the same proportion of citrate temu(i.e., if you used 30 drops of citrate
solution for 10.00mL of Fe, then use 15 drops fG0ML of Fe). Pipet 2.00mL of hydroquinone
solution and 3.00mL of o-phenanthroline solutiotoieach flask, and dilute to the mark with
deionized water. Prepare a blank using no Fealbother reagents.

6. Pipet a fresh 5.00mL aliquot of tliduted Fe tablet solution into a 100mL
volumetric flask and add the necessary amount twhtei solution, 2.00mL of hydroquinone
solution and 3.00mL of o-phenanthroline solutiamg dilute to the mark with deionized water.

7. Allow the solutions to stand for at least libumes, then measure the transmittance or
absorbance of each solution at 508nm using a Sect20.

11



Experiment 5: A determination of the iron content n a pigment

Venetian Red is a red pigment comprised of irordesgithat has been used by artists since early
times. Its color is somewhat variable and depemis the amount of iron present in the pigment. In
this experiment, you will perform a redox titratitm determine the amount of iron present in a pigme
sample. You should follow the procedure outlinetbiw.

1. You should first prepare and standardize atismiwf 0.02M potassium permanganate. The
procedure for this is a slightly modified versidrtloe one found in an earlier version of Harris.

2. Prepare a 0.02M potassium permanganate soloyiaiissolving 2.99 of KMnQin 900mL of

deionized water. Store this solution in a darksglhottle and allow it to stand at least 2 daysyou
observe a brown residue in the solution at thigfifitter the solution through a sintered glasskin

3. Standardize your permanganate solution usidiusooxalate. Analytically weigh a 0.25g
sample of dry sodium oxalate into a 250mL Erlenmeigsk and add 50mL of deionized water and
30mL of 3M sulfuric acid. Add about 90% of the dinetically calculated volume of permanganate

necessary for the titration, and let the solutiamd until it turns colorless. Then heat it to@5-C and
complete the titration by adding the KMQCSqution until the pink color of permanganate [sss

Repeat the process until the permanganate soligtistandardized. Perform a blank. The equation fo
the standardization is;

- + +
2MnO,~ + 5H,C,0, + 6H - omret + 10CQ + 8H0
purple colorless

4. After you have standardized your potassium peganate solution, you should analyze a
known iron sample (57.12% Fe) to test your abildyperform this procedure. This sample has been

dried at 118 C for two hours. Accurately weigh a 0.35-0.40gtiom of the iron sample into a 500mL
Erlenmeyer flask, add 10mL of concentrated @t gently heat the solution (do not boil) to digso
the sample. You should cover the flask with a Wajlass while heating. Each of the iron (lll) sdasp
must be reduced to iron (ll) prior to titrating. @o this, add some 0.25M Srk(]ﬂropwise to the warm

dissolved sample solution until the yellow colosappears, then add two more drops excess to ensure
complete reduction of the iron (lll). Cool the sobn to room temperature and theapidly add 10mL
of 5% Hng solution to remove the excess tin (Il). sinall amount of a silky white precipitate

(HQZCIZ) should form. Wait 2-3 minutes and then add 25ohlZimmermann-Reinhardt reagent and
300mL of deionized water to the flask. Titrate igarately until the pink color of permanganate pssi
The equation for the reaction is;

Mno, + 5FE" + 8H - wmn®* + 5FE* 4 4HO

purple colorless
Perform a blank. Subtract the volume of permangacansumed in the blank from that used in the
sample.

5. After you have verified your ability to perfortims test using the known iron sample, you may

analyze your unknown pigment sample. Dry your gigtrsample at 1foc for two hours. Repeat the
procedure described in steps 4 and 5 using yourawk sample until you obtain an acceptable pregisio
(< 0.1%).
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Experiment 6: The separation and determination of affeine in a soft drink by
thin layer chromatography

In this experiment, you will explore some of thinpiples of thin layer chromatography
and then apply these to separate and measure thenarmf caffeine in a soft drink of your
choice.

The procedure for this experiment is describedwel

1. Prepare 10mL of a standard caffeine solutionmethanol) with a concentration of
0.5mg/mL.

2. Clean four 200mL beakers and watch glassesseReach beaker with several small
portions of a mobile phase (There are four mohilase compositions of ethyl acetate/methanol:
100:0; 90:10; 80:20; and 70:30). Place a differmobile phase in each beaker along with a
piece of filter paper that is wrapped around thed@ of the beaker. After the filter paper has
been soaked with the mobile phase, ensure thatt @&b6om of the mobile phase covers the
bottom of the beaker.

3. Clean several TLC plates by placing a plateanh of the beakers, covering the top
with a watch glass, and allowing the mobile phasmove about 80% up the plate. Remove the
plate and dry it with the heat gun.

4. Select a soft drink from our vast collectidnbeverages or bring your own sample.
Place a 2pL quantity of the beverage and a 0.5jantify of your caffeine standard about 0.5cm
apart onto the clean silica gel TLC plate and dsthbspots with the heat gun. Develop your
plate using different mobile phase compositionstblyl acetate/methanol. After the plates have
been developed, remove them, mark the solvent,feordt dry them. Visualize the results using
an ultraviolet lamp. CAUTION: When you use thérawiolet lamp to see the spots on your
plate, do not look directly at the lamp or shinanita friend's eyes. It can cause severe eye
damage. From your results, identify the caffeipetsin your beverage and calculate the
retardation factor for every spot. Select a mopliase composition that facilitates separation of
the caffeine from the other beverage components.

5. Each plate has a compound on it that fluosesgleen ultraviolet light strikes it.
Caffeine does not fluoresce and therefore showasug dark spot on a light green background.
The darkness of the spot is related to the amotichffeine present. You can estimate the
concentration of caffeine in your sample by adpgstihe amount of caffeine standard you place
on the plate until the spots from the standardtaedsample are the same. You may adjust the
amount of caffeine placed on the plate by adjustivegconcentration of the standard solution or
varying the volume of the spot.
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Experiment 7: Separation, identification and deternination of alcohols using
gas chromatography

In this experiment, you will investigate how temgtere influences separation in gas
chromatography, and then apply this knowledge fmaiste the components in a mixture of
alcohols. You will identify each component on yalmwomatogram at three temperatures and
then gquantify one of the components using the nietifostandard addition. You will work in
teams for this experiment, and only need to tura single, typed report for the team.

You will be given a mixture containing three compds: ethanol; 1-propanol and 1-
butanol. Your first task will be to investigatectleffect of temperature (of the column) on the
separation of these compounds. Inject 0.2-0.4pthefmixture onto the column at 80, 120 and

16@° C, and record the resulting chromatogram.

You must identify which peak on the chromatogranregponds to which compound at
each temperature, and this can be done by inje6t2@.4uL portions of each pure compound
into the column and then matching its retentioretwith that of a peak in your mixture. After
you have identified each component, you will canfieach component’s identity using a gas
chromatograph/mass spectrometer.

You will then quantify one of the alcohols (of mlyoosing) using the method of standard

addition and using one of the other alcohols amtamnal standard. | will explain the details of
these procedures to you in lab.
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Experiment 8: Team Challenges

In this experiment, you will work as part of areand apply what you have learned in
this course to solve real chemical problems.

Projects: The class will be divided into teams that will lwan various projects. The idea is

that your team is a company that has been askedhte a problem by another company. Two
teams working independently on an assigned preyéctompete with each other. The projects

will be communicated to the manager of each te&n.team member may consult any source
(book, person, or other information source) unlggge you permission.

Team composition: Each team will have one manager whose respottigibiand authorities are
listed below. Each team may have, at the disaradfcthe manager, an assistant manager. The
remainder of the group is composed of staff scisti

Manager's responsibilities:

Serve as the team'’s liaison between your teahthee company.
Advise the team of the project and deadline.

Organize and direct the team's activities.

Prepare or supervise the preparation of thed faport.

Submit the report.

S S

Manager's authorities:

1. The manager may delegate work.

2. The manager may appoint an assistant manager.

3. The manager's decisions are final.

4. The manager may spend money.

5. The manager may fire a team member for not imgrkThis is a last resort and must have my
approval. The person dismissed will receive 10sdor the lab and will be relieved of all
further team duties.

Report: The proposal should be a professional documerttatidresses the question posed to
your team. It should be typed and laser printezk bf typographical and grammatical errors. It

should be carefully constructed and brief. Ther@o format. For some projects, it might be

appropriate to write a proposal and cover lettert{pps on your company's stationary). Please
include the names of all team members on the report

Evaluation: Each team member will receive the same gradeegsrh person is fired) for the
project. The grade is computed as follows:

100 points for completing the work
up to 50 points - did your team correctly aesthe question?
up to 50 points - team proposal and sellingryeam's work

In addition, each team receives 1 point per evéy & unused consulting money. Of the two
competing teams, the team that answers the questioectly and does the better job promoting
itself and/or has the lower cost receives a bousalnts.
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Consulting: Each team has $100 in their consulting budgétttiey may use to consult with me
on technical matters. | will consult at a rate$dD0/hr, with a minimum of $10 for any work
done.

Buying supplies: Chemicals and equipment may be obtained from GWvode, our local
chemical supplier. To obtain chemicals, you must €onsult our catalog and make certain that
we sell the desired compound(s). To order eitijerpment or chemicals, a purchase order must
be correctly completed and turned into Mr. Goodeance turned in, delivery time will be one
hour from receipt of the purchase order. Howelbt, Goode will provide Federal Express (15
minutes) service for an additional fee. All feesl grices, along with the group's supply budget
will be made known to the manager.
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