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SANTA CLARA UNIVERSITY   SUMMER TERM 2019 
ORGANIC CHEMISTRY I   CHEMISTRY 31L 

 
LABORATORY SYLLABUS 

INSTRUCTORS  
Raymond, Gipson, Ph.D.; Beatrice Ruhland, Ph.D. 
 
TIMES  

• Monday/Wednesday:  8:00-12:30 p.m. 
• Monday/Wednesday:  4:30-9:00 p.m. 
• Tuesday/Thursday:  8:00-12:30 p.m. 
• Tuesday/Thursday:  4:30-9:00 p.m.  

 
Laboratories begin on Monday, June 17th and are held in DS 126 
 
MATERIALS  

• Laboratory syllabus: available on Chemistry 31-33 laboratory site 
(https://sites.google.com/a/scu.edu/organic-chemistry-laboratory/), or for purchase from Copy 
Craft Printing (341 Lafayette St.),  

• Laboratory Techniques in Organic Chemistry by Mohrig, Alberg, Hofmeister, Schatz and 
Hammond, 4th Edition 

• Bound laboratory notebook embossed with "Santa Clara University", Scientific Notebook 
Company: available from the bookstore 

• Safety splash goggles 
• Laboratory coat: available from the bookstore 

 
 
LABORATORY GUIDELINES 

• The laboratories in Daly Science 100 were modernized and redesigned in 1994 with safety as the 
primary concern. The main improvement in these labs was increasing the number of hoods so 
that each student has a workstation in a hood, two students per hood. This significant 
enhancement in safety protects everyone because many organic compounds are volatile and 
using a hood minimizes your exposure to fumes. Therefore, virtually 100% of your chemical 
work should be performed in a fume hood.  

• To do organic chemistry safely, you should treat all chemicals with respect; gloves should be 
worn unless otherwise directed by the instructor.  

• Care of the organic laboratory is important because some 200 students share this organic facility 
each term, so we must regularly maintain this facility. It is important that you clean your work 
area at the end of each lab period as well as help with keeping the balances, instrument room, 
and other general use areas clean. Inform the instructor of any spills, and clean up the spill 
completely.  

• In an effort to maximize the sustainability and minimize environmental impacts of this laboratory, 
the work you will carry out in this lab will be done using microscale quantities of materials. 

 
COMMENTS  
Most students enjoy organic lab; it can be challenging, stimulating and rewarding. This is partly due to 
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the relatively unstructured nature of the lab. After the first few technique experiments, you can work at 
your own pace and follow whatever sequence of steps seems best for your particular project. As a result, 
you are left to your own initiative to a much greater extent than in most labs you have taken. If you plan 
your work in advance and make a real effort to understand what you are doing, then even unexpected 
problems that always arise can be stimulating challenges. 
 
NOTEBOOK 
Your laboratory notebook is the primary record of your lab work. Please look carefully at the guidelines 
on pages 4-5 of this syllabus before making entries in your notebook. Remember that a complete, well-
organized notebook is critical for someone to be able to repeat your work and serves as the primary 
basis for your grade in the laboratory. 
 
SCHEDULE 
Lab will start the first week of the term. Because we are limited in space for each laboratory section, 
you may only attend your assigned laboratory time. To be granted an exception for special 
circumstances, you must request permission both from your regular laboratory instructor and from the 
laboratory instructor for the laboratory you wish to attend. An e-mail to both instructors is the easiest 
method to achieve this; if you do not make a formal request to both instructors, you will not be admitted 
to another laboratory section. The notebooks are due on your last regularly scheduled laboratory 
period of the term. 
 
SAFETY  
 
It is important to read carefully the safety section (1) in the laboratory textbook (Chapter 1, pages 1 to 21) 
and (2) on the back of your laboratory equipment check-in card before signing it. Critical points are 
highlighted below.  
 

1. Safety goggles and a lab coat must be worn in the laboratory at all times!  
2. To prevent exposure of others to chemicals, do not wear your lab coat or gloves outside of Daly 

Science 126.  
3. Required apparel for working in a teaching or research laboratory in the Department of Chemistry 

& Biochemistry at SCU:  
a. Laboratory coat. 
b. Long pants. 
c. Closed-toe shoes, ideally with a non-permeable upper component covering the foot. 
Failure to meet these requirements will result in a student having to leave the 
laboratory until such time as any deficiencies have been addressed.  

4. Use of cell phones, radios, iPods, and the like is not permitted in the laboratory.  
5. Most organic solvents are flammable and should never be heated with an open flame. Hot plates 

or heating mantles are available for this purpose. Never use an open flame in the organic 
laboratory. Some solvents such as diethyl ether, t-butyl methyl ether, and methanol have flash 
points so low that they can be ignited by the surface of a hot plate.  

6. Be sure to handle organic chemicals carefully as many are toxic if absorbed through the skin or 
inhaled. Gloves must be worn for all experiments. Disposable gloves are provided in the 
laboratory. Change gloves when necessary. To avoid chemical contamination of the chemistry 
building, do not used gloved hands to handle objects outside the laboratory.  

7. You should perform all chemical work at the fume hoods. The fume hood is designed to limit 
your exposure to noxious or toxic vapors. It also protects you in the event that a chemical reaction 
gets out of control. 

a. Volatile substances must be measured only in the fume hoods. 
b. Never allow your head to cross the plane of the fume while dismantling apparatus or any 

other time (do not put your head inside the fume hood). 
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c. Do not prop your laboratory notebook or any other books/papers inside the fume hood. 
d. Keep the sash lowered so that arrows are aligned. 
e. Lower the sash immediately if there is a splatter or fire. 

8. Exercise the following precautions when heating materials: 
a. Make sure that a boiling stone or stir bar is contained in all liquids before heating.  
b. Never heat a closed (sealed) container.  
c. Never place your face over material that is being heated.  

9. Neatness in carrying out laboratory work is related to safety. It is important that each student help 
keep the laboratory clean and organized. Allow enough time for cleanup when planning your 
laboratory activities.  

10. Under no circumstances will you be allowed to conduct experiments that have not been assigned 
for you to do.  

11. Do not deviate from the procedure without first getting the modification cleared through the 
instructor. Even if you think there is a typo in the guided procedure, check first.  

12. In case of an evacuation, proceed to the Saint Claire Garden. 
13. Always treat unfamiliar chemicals as if they are dangerous. 

a. Never use a chemical from an unlabeled container.  
b. Never substitute a chemical in an experiment without the instructor’s permission. 

14. Report all accidents and spills to the instructor.  
15. Use water to immediately wash off all chemicals that are accidently spilled on your skin.  
16. Know the locations of the safety showers, eyewash stations and fire extinguishers.  
17. If you happen to experience any unexpected and potentially hazardous results during 

experimentation please report those immediately to your laboratory instructor so that the incident 
review process can be initiated." 

WASTE DISPOSAL 
One of the most important practices in lab is the proper disposal of chemical wastes. The only substance 
allowed to go down the drain is uncontaminated water. The general rule is that nothing should be 
poured into any sink or placed in the garbage cans. There are containers in the lab for the various 
kinds of waste materials generated: aqueous waste, basic aqueous waste, acidic aqueous waste, solid 
organic waste, organic solvent waste (non-halogenated), halogenated organic waste, and contaminated 
glass. Be absolutely positive that you are putting the proper materials in the containers. Useful directions 
for waste disposal are provided with each experimental procedure, and there is a handout that specifies 
where to put the waste you generate as a result of performing experiments. Remember that anything 
with WATER in it is an aqueous waste and must go in one of the containers so labeled. It is also 
extremely important that you enter into the appropriate logbook the identity and amount of each 
substance added to each container. If you are unsure of which container to use, ask one of the lab 
instructors.  
 
ACADEMIC INTEGRITY 
You are expected to uphold the university policy on academic integrity. In the context of the laboratory, 
you may help each other understand and complete various procedures. However, all work recorded in 
your notebook must be your own. If your instructor ever tells you to include data from a fellow student, 
that data should be clearly referenced. Giving or receiving unauthorized aid in any form can result in 
course failure. See your instructor if further clarification is needed. 
 
FORMAT 
In Chem31L you will be learning important laboratory techniques that you will use throughout the year. 
The last experiment this quarter will show you how those techniques are applied to separate and purify 
the product in a synthesis. This syllabus contains the overall schedule of the experiments and the 
procedures to be followed. In addition, other useful information is available on the Chem 31 lab google 
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sites webpages.  
 
Lab lectures describing important details of each experiment will be held during the regular laboratory 
time at the beginning of the lab. It is very important that you are on time to lab so that you get any 
necessary information to complete the experiment. It is also very important that you come prepared for 
lab by doing the assigned prelab readings in your textbook and by reading the procedure beforehand. 
Because you may not attend other laboratory sections, you must make the most of your scheduled time 
in lab. 
 
Please note that a grade cannot be issued for the course unless you have completed the 
laboratory and turned in a notebook, so be sure to submit your notebook to your laboratory 
instructor on time. 
 
NOTEBOOK GUIDELINES 
The guidelines are derived from those drawn up by the chemistry faculty for all lab courses. Please look 
at them carefully before making entries in your notebook. Remember that in addition to the specifics 
below, the goal of the notebook is for another person to be able to repeat your lab work precisely as you 
did it. 
 
Data, observations, results and conclusions for all experimental work should be included in your 
notebook. Pay close attention to the syllabus and the experimental procedures for any specific data or 
analyses that are requested. All of the experiments also ask you to answer specific questions, and these 
answers should also be written directly in the notebook at the end of the appropriate experiment.  
A running commentary of the experimental procedure should also be included with all 
observations made during the experiment. The term “running commentary” is used to highlight that 
you should write what you are doing as you do it; you should not record what the textbook or supplement 
tells you to do, but instead what you actually did and saw. Examples of appropriate styles for lab notes 
are available in Section 3.1 of the textbook (pages 33 to 35). 

1. The notebook must be bound with at least 100 pages and pages that are consecutively 
numbered. 

2. Pages must never be torn out or otherwise removed from the notebook. 
3. The notebook should have a title page identifying you, the course name and number, and the lab 

instructor. The same notebook may be used for Chem 31, 32, and 33. 
4. Reserve space at the beginning of the notebook for a Table of Contents. Entries in the Table of 

Contents should be identified by title and page numbers for all pages containing information 
relevant to that title. 

5. Use a ballpoint pen for all entries in the notebook. 
6. Any given page in your notebook should only include data for a single experiment. As a result, 

organize your notebook entries based on the experiment to which they correspond, not the date 
on which they were performed. 

7. Each page in the notebook should be dated using an unambiguous notation like 15 October 
2013. If a page includes work done for the same experiment on different days, date each entry 
separately. 

8. If you need to continue an experiment onto another page, write the continuing page on the bottom 
of the initial page (cont’d on page xxx) and the page from which you are continuing at the top of 
the new one (cont’d from page xxx). 

9. Cross out sections of pages you choose not to fill out. Do not leave blank spaces to be filled in 
later. 
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10. Graphs and spectral charts should be attached to notebook pages using glue or tape. Each 
should be completely labeled.  

11. All entries should be legible and contain sufficient detail. For example: use proper names for 
instruments and glassware: “10-mL Erlenmeyer flask” rather than just “flask”; indicate the specific 
concentration of reagents used: "6 M" or "0.1 M" rather than just "dilute"; indicate how precisely 
reagents were measured: graduated cylinder versus pipette; record the sequence in which 
chemicals were mixed and the method and length of time for heating and/or stirring; note whether 
a heating mantle or hot plate was used; completely record all observations like color changes, 
precipitates, gas evolution, etc.; display any calculations in full detail for ease of verification. 

12. Draw a single line through mistakes. Erasing and over-writing are not acceptable methods for 
error correction. 

13. At the end of each lab period sign and date your notebook and have the instructor sign it also. 
14. Notebooks are due on your last scheduled laboratory period for the session.  

 
TENTATIVE LABORATORY SCHEDULE 

 
 Experiment Required Reading in Text Procedure 

Week 1 Experiment 1: Thin 
layer chromatography 

• Chapter 18 “Thin-layer 
chromatography” (pp 255 -269)  Syllabus pp. 8-13 

Week 1 

Experiment 2 - 
Monitoring a reaction 
by TLC: Reduction of 
9-Fluorenone to 9-
Fluorenol 

• Chapter 18 “Thin-layer 
chromatography”, section 18.8 (p 267)  Syllabus pp. 14-16 

Weeks 1&2 

Experiment 3: 
Recrystallization of 
Fluorene and Benzoic 
acid 

• Chapter 15 “Recrystallization”, 
sections 15.1-15.4, 15.6, 15.8 (pp 
221-235) 

• Chapter 14 “Melting points and 
melting ranges”, sections 14.1, 14.3-
14.6 (pp 211-220) 

• Chapter 9 "Filtration", section 9.4 (pp 
137-139) 

Syllabus pp. 17-21 

Week 2 

Experiment 4: 
Separating an acid, a 
base and a neutral 
compound by 
extraction 

• Chapter 10 "Extraction", sections 
10.2, 10.6, 10.7 (pp 147-148, 155-
162) 

• Chapter 21 “Infrared spectroscopy" 
(pp 311-348) 

Syllabus pp. 22-28 

Weeks 2&3 

Experiment 5: 
Separation of a binary 
mixture by fractional 
distillation; Analysis by 
gas chromatography 

• Chapter 12 "Boiling points and 
distillation", sections 12.2, 12.3c, 12.4 
(pp 176-180, 185-190) 

• Chapter 20 “Gas chromatography” (pp 
297-307) 

Syllabus pp. 29-31 
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Week 3  
Experiment 6: 
Synthesis of aspirin 
from salicylic acid 

Review:  
• Separating an acid from a neutral 

organic compound using acid-base 
extraction 

• Recrystallization and melting point 
• TLC and IR 

Syllabus pp 32-34 

 
 
EQUIPMENT 
The apparatus that you use in organic chemistry laboratory is likely to be unfamiliar to you, based on 
your prior laboratory experience. To assist you in recognizing the various items, assembling the 
apparatus for various experimental procedures, and showing the steps involved in some of the 
techniques you will be using, references to relevant web videos are provided. Viewing them prior to 
coming into the laboratory will make it easier for you to perform the assigned experiments.  
 
A figure showing some of the apparatus in your drawer is provided on page 7 of this syllabus. When 
checking into the laboratory, be certain that your glassware is clean and is not chipped or cracked. Show 
any dirty or damaged glassware to your instructor to determine whether it needs to be replaced. In 
addition, return any excess equipment to the bin near the door leading to the stockroom. 
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EXPERIMENT 1: THIN LAYER CHROMATOGRAPHY 
In this experiment, you will separate three compounds, benzophenone, diphenylmethanol, and biphenyl, 
using Thin Layer Chromotagraphy (TLC). To accomplish this goal, you will determine the best developing 
solvent or solvent mixture, using common organic solvents for TLC, hexane and ethyl acetate. 
 

 
 
PRE-LABORATORY READING 

• Chapter 18 “Thin-layer chromatography” (pp. 255 -269) 
• A good video on TLC: http://video.mit.edu/watch/tlc-the-basics-1317/ 

 
INTRODUCTION 
Thin layer chromatography is one of the most important and frequently used techniques in the organic 
chemistry laboratory. Like all chromatographic methods, TLC is a method of separating compounds and 
it is the most facile separation experiment to run. TLC is used as a test of purity but it is also used to 
monitor a reaction in progress to determine if the reaction is complete and how many products are 
formed in a reaction. It is not uncommon for an organic chemist running a reaction to do 5-10 TLC’s of 
the reaction mixture to “watch” the reaction proceed. Given the importance of TLC in the organic 
chemistry laboratory, you must understand and master this valuable technique. 
 
OBJECTIVES 
In this experiment you will: 
 

• Learn how to separate compounds using TLC 
• Examine how changes in the polarity of the developing solvent affects the distance the individual 

compounds “move” on the TLC, as measured by the Rf value of each compound 
• Learn how to determine a developing solvent that optimizes the separation of compounds on TLC 

 
OVERVIEW OF THIN LAYER CHROMATOGRAPHY 
Review section 18.1 in particular detail to learn how TLC works and the terminology used in these 
chromatographic separations. 
 
Briefly, there are three components of a TLC experiment: 
 
1. Stationary phase – For our TLC’s the stationary phase will be silica gel (-SiO3OH polymer, which is a 

polar stationary phase) coated as a thin layer onto a plastic plate.  
2. Mobile phase – The mobile phase in TLC is a solvent or solvent mixture that functions as the 

developing solvent as it moves by capillary action up the TLC plate. We typically use mixtures of 
nonpolar (hexane) and polar (ethyl acetate) organic solvents. The mobile phase in TLC can be 
referred to as the developing solvent or the eluent. 

3. Sample(s) to be analyzed – These can be single compounds or a mixture of compounds. Each 
sample is applied as a solution in a small “spot” at the bottom of the TLC plate. 

 
  



 

9 
 

TLC PLATES 
We will use plastic backed plates, pre-coated with silica gel, and they will be cut to the correct size for 
your experiment. For more discussion of the TLC plates, read Section 18.1, p. 256. 
 
SELECTING A DEVELOPING SOLVENT 
The selection of the developing solvent is critical to the success of the TLC separation, and it is important 
to learn how to vary the solvent choice to optimize the results of the TLC. The polarity of the developing 
solvent is adjusted to achieve a good separation of the compounds in the mixture. 
 

 
 
In general, a polar developing solvent is used for polar compounds and a nonpolar solvent for nonpolar 
compounds. Usually a mixture of a nonpolar and a polar solvent is used, which provides a convenient 
solvent system to vary the developing solvent polarity. We will use mixtures of hexane (nonpolar) and 
ethyl acetate (polar) in this experiment, and you will try many different solvent mixtures to determine the 
best solvent for the separation. 
 

 
 
When developing conditions are carefully controlled, TLC produces very consistent results. For a 
particular stationary phase, developing solvent, and compound being analyzed, the ratio of the distance 
the compound travels to the distance the solvent travels remains constant for each specific compound. 
This ratio is called the Rf value.  
 

 
 
In general, a solvent that “moves” the compounds only a small distance (Rf values of 0.1-0.2) from the 
starting point, or origin, is not polar enough and a solvent that causes the compounds to move to the top 
of the plate, or near the solvent front, is too polar. An appropriate developing solvent for a TLC is a 
solvent that gives Rf values in the range 0.30-0.70.  

Bad
Separation

Good
Separation

Bad
Separation

Hexane

O

O

Ethyl Acetate

Rf =
distance traveled by the compound

distance traveled by the solvent front
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Different Rf values for two samples prove that the samples are different compounds. If two samples have 
very similar Rf values, it is difficult to determine whether the spots represent different compounds. To 
make determinations in this case, a co-spot of both compounds is used. 
 

 
 
In the current experiment, you will not be explicitly using the co-spot technique, but the three compound 
mixture will be the “co-spot” sample and you will be using samples of each individual compound to 
determine which spot in the mixture corresponds to each specific compound. 
 
MEASUREMENT AND CALCULATION OF THE RF VALUES 
Read section 18.5 “Analysis of a Thin-Layer Chromatogram” (p 263). As explained there and above, the 
relationship between the distance traveled by the solvent and the compound(s) is expressed as an Rf 
value. Using a ruler, the distance from the origin to the solvent front and the distance from the origin to 
the middle of each spot is measured in millimeters. Rf values are calculated for each spot as shown on 
the next page and are reported to the second decimal place.  
 

Solvent
too polar

Solvent
mixture 
optimized

Solvent
too nonpolar

Solvent
Front

Origin

Samples 1 and 2:
Different compounds
or the same?

1 2

Samples 1 and 2 and a co-spot 
of both 1 and 2 in the middle: 
Different Rf's confirmed-
Different compounds!

1 2
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EXPERIMENTAL PROCEDURE 
In this TLC experiment you will determine which developing solvent will give the best separation of a 
sample mixture containing three compounds: benzophenone, diphenylmethanol, and biphenyl.  
 
1. Make a spotting solution of each pure compound (benzophenone, diphenylmethanol, and biphenyl) 

by putting a small amount, about a tip of a microspatula-full (see below), of each compound in 
separate vials and by adding about 1 mL of acetone to each. Cap and label each vial. 
 
 

 
 

2. Make a solution containing a mixture of all three compounds in acetone. Cap and label the vial. 
3. Obtain a large pre-cut TLC plate from the dessicator using your tweezers. Prepare the TLC plate as 

described in section 18.2 “Preparing the plate” (p 258). Four samples will be spotted on the plate (the 
mixture and the three individual compounds), so place a small pencil mark for each of the four “lanes” 
and gently label each in pencil. Never use pen on a TLC plate. 

solvent front

origin

Rf =
33 mm

50 mm

50 mm

33 mm

21 mm

9 mm

Rf =
21 mm

50 mm

Rf =
9 mm

50 mm

=

=

=

0.67

0.42

0.18
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4. To spot the plate, use the technique described in section 18.2 “Applying the samples” (p 259). Use 

the thin capillary tubes supplied in the lab to spot each compound and the mixture. Use a new 
capillary for each solution. Be sure the spots are labeled in pencil. 

5. Prepare a TLC chamber with hexane as described in section 18.3 “Development of the TLC Plate” (p 
260). Use about 15 mL of solvent for the large TLC chambers. Make sure your developing solvent 
level in the TLC chamber is below the spots on the TLC plate before you introduce the plate into the 
TLC chamber. If the solvent level is too high (above the level of the spots on the plate) you will ruin 
your TLC plate and have to spot another plate. Develop the plate as described in that section, mark 
the solvent front and let it dry in the hood for a few minutes before visualizing the spots. 

6. To visualize the spots on the TLC plate, use the UV lamp, as described in section 18.4 “Visualization 
Techniques” (p 261). In pencil, circle all the spots that you see. 

7. Tape the plate in your notebook and calculate Rf values for each spot as described above.  
8. Conduct a series of TLC experiments following steps 3-7 above to test the following developing 

solvents: 
a. Hexane 
b. 7:1 Hexane:Ethyl Acetate  
c. 3:1 Hexane:Ethyl Acetate 
d. 1:1 Hexane:Ethyl Acetate 
e. Ethyl Acetate (EtOAc) 

 
Note: Do not rinse your TLC jar and your graduated cylinder with acetone between experiments, 
rinse them with 2 mL of the next solvent mixture that you will be testing. 

9. Examine the results from all five TLC plates and decide which solvent system gives the best 
separation of the three compounds.  

10. Summarize your results in a table as shown below: 
 

DATA TABLE 
 

Compound Rf in 
Hexane 

Rf in 7:1 
Hexane:EtOAc 

Rf in 3:1 
Hexane:EtOAc 

Rf in 1:1 
Hexane:EtOAc 

Rf in 
EtOAc 

Benzo-
phenone      

Diphenyl-
methanol      

Biphenyl      
 

about 1 cm1 2 3 mix
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QUESTIONS 
1. Which of the three compounds is the most polar? Which is the least polar? 
2. What developing solvent (eluent) gave the best separation of the three compounds? 
3. Would you expect to see good separation of these compounds in a 2:1 Ethyl acetate/Hexane 

developing solvent? Why or why not? 
4. Consider the compounds 4-tert-butyl-cyclohexanol and 4-tert-butyl-cyclohexanone. Assume you are 

running a TLC of these two compounds using silica gel plates, which compound will have the highest 
Rf value in a 3:1 Hexane/Ethyl acetate developing solvent?  
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Experiment 2: Monitoring a Reaction by TLC -- Reduction of 9-Fluorenone to 9-Fluorenol 

In this experiment you will perform your first organic reaction, the reduction of 9-fluorenone into 9-
fluorenol, and monitor the reaction by TLC. 
 

 
 
PRE-LABORATORY READING 

• Chapter 18 “Thin-layer chromatography”, section 18.8 (p. 267)  
 
INTRODUCTION 
The conversion of 9-fluorenone to 9-fluorenol is the transformation of a ketone functional group to an 
alcohol functional group. This type of reaction is called a reduction and is typically done with hydride 
reducing agents like sodium borohydride, NaBH4. 
  
TLC is extremely useful for monitoring reactions. It provides the chemist “a view inside the reaction flask” 
to determine when and if the reaction is completed and how many compounds are formed during the 
reaction. In the kitchen, the baker must confirm that the cake is fully cooked by checking it with a 
toothpick before removing it from the oven. In the lab, the chemist must confirm that a reaction is 
complete before stopping the reaction, and the “toothpick” is the capillary tube to remove a sample of the 
reaction mixture for TLC analysis. 
  
At the start of the reaction, only the reactant(s) will be observed on the TLC plate. As the reaction 
proceeds, the product begins to form and will appear on the developed TLC plate. In a simple A -> B 
reaction, the product spot increases in size and intensity while the reactant spot decreases in size and 
intensity as it is converted to product. The reaction is complete when the reactant spot is no longer 
visible on the TLC plate.  
 

 

O OH
NaBH4

9-Fluorenone 9-Fluorenol

Chemical Formula: C13H8O
Molecular Weight: 180.21

Chemical Formula: C13H10O
Molecular Weight: 182.22

reactant start complete product1/2 done
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Using reaction monitoring by TLC, the time that a reaction takes to go to completion can be determined. 
For some reactions, side products also form, and TLC can be used to determine the optimum conditions 
required to obtain a high yield of the required product with no side products forming. 
 
OBJECTIVES 
In this experiment you will learn how to: 
 

• monitor a reaction by TLC 
• determine the number of products formed in a reaction 
• determine if the reaction goes to completion and to adjust reaction conditions to force the reaction 

to completion if necessary 
 
EXPERIMENTAL PROCEDURE 

Apparatus: 5 mL conical vial, clamp, spin vane, aluminum block, one large TLC plate, vials, 2 glass 
capillaries for TLC. 

 
1. Obtain one large TLC plate from the desiccator. With a pencil and a ruler, gently draw a light line 

across the width of the plate about 1 cm from the bottom edge of the plate. Mark seven lanes on the 
plate and label them (see figure below). The first lane and the seventh lane are reference spots of the 
reactant, 9-fluorenone (R), and the product, 9-fluorenol (P). The reaction will be monitored for a total 
of 5 minutes. The remaining lanes will be used to spot samples from the reaction mixture at 
approximately 30, 60, 120, 180 and 300 seconds of reaction time. Because of the short time between 
samplings, you must work quickly to withdraw samples from the reaction mixture and spot the TLC 
plate. The capillary tube should be clean for each sampling, so break off the section of the capillary 
that has been contaminated by the previous sample. Be sure to dispose of capillaries in the waste 
containers in the hoods. 
 

 
 
 

2. In a 5 mL conical vial, add 1.11 mmol of 9-fluorenone (MW: 180.21 g/mol) and dissolve it in 4 mL of 
methanol. Place the vial in the aluminum block, add a spin vane, and stir the mixture at room 
temperature. Do not cap the vial because H2 will evolve during the reaction.  

3. Spot your initial reaction mixture on the lane labeled “R” (for reactant). 
4. Make a TLC solution of 9-fluorenol in acetone as you did in Experiment #1 (about a tip of a 

microspatula-full of 9-fluorenol dissolved in a vial with about 1 mL of acetone).  
5. Spot this solution on the lane labeled “P” (for product).  
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6. Weigh 0.93 mmol of sodium borohydride (NaBH4, MW: 37.83 g/mol) into a clean, dry vial.  NaBH4 
absorbs moisture from the atmosphere, so cap the vial immediately after weighing. Then add the 
NaBH4 in one portion to the stirring solution in the conical vial and immediately begin to time the 
progress of the reaction. Spot the reaction mixture by using a clean capillary each time at the 
following time intervals: 30 s, 60 s, 120 s, 180 s and 300 s. 

7. Leave the TLC plate in the hood for at least 5 minutes to allow the methanol to evaporate from the 
TLC plate.  

8. Develop the plate using dichloromethane (also called methylene chloride, CH2Cl2) as the developing 
solvent (15 mL). Make sure to do this in the hood because dichloromethane is toxic. Dry the plate in 
the hood. Visualize the TLC under the UV light and circle the spots that appear using a pencil. Tape 
your plate in your lab notebook, label it and calculate the Rf’s of all the compounds that you can see 
on the TLC. Record the results and observations in your notebook. 

 
QUESTIONS 
1. Based on your TLC analysis, did your reaction go to completion? What evidence did you use to 

decide whether the reaction is complete? 
2. Is your product pure, or is it a mixture? 
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EXPERIMENT 3: RECRYSTALLIZATION OF FLUORENE AND BENZOIC ACID 
In this experiment, you will learn to purify solids using recrystallization. You will perform recrystallizations 
of two compounds, fluorene and benzoic acid, and analyze the purity of the recrystallized products by 
measuring their melting points and doing a TLC.  
 

 
 
PRE-LABORATORY READING 

• Chapter 15 “Recrystallization”, sections 15.1-15.4, 15.6, 15.8 (pp. 221-235) 
• Chapter 14 “Melting points and melting ranges”, sections 14.1, 14.3-14.6 (pp. 211-220) 
• Chapter 9 "Filtration", section 9.4 (pp. 137-139) 

 
INTRODUCTION 
Most of the organic compounds resulting from organic reactions or collected from natural sources are 
impure and require purification. One technique used to purify solid organic compounds is called 
recrystallization. The technique involves dissolving the impure solid in a minimal amount of a suitable hot 
solvent. This creates a saturated solution, which upon cooling causes a crystalline solid to form. 
Interestingly, crystalline solids are pure because the ordered lattice structure excludes impurities. This 
process requires the identification of a solvent (or solvent mixture) in which the compound should have a 
high solubility when the solvent is hot and a low solubility when the solvent is cold. 
Recrystallization is the method of choice for purifying large quantities of organic compounds, such as the 
purification of pharmaceuticals. 
 
A more detailed discussion of recrystallization can be found in the pre-lab reading. 
 
OBJECTIVES 
In this experiment you will learn how to: 
 

• select a recrystallization solvent 
• conduct a recrystallization 
• measure melting points 

 
HOW TO SELECT A RECRYSTALLIZATION SOLVENT 
The most crucial aspect of a recrystallization is finding a suitable solvent. A compound usually exhibits 
one of three general solubility behaviors in a given solvent: (1) the compound has a high solubility when 
the solvent is both hot and cold, (2) the compound has a low solubility when the solvent is both hot and 
cold, or (3) the compound has a high solubility when the solvent is hot but a low solubility when the 
solvent is cold. A successful recrystallization solvent must be in this third category: the compound 
must have low solubility when the solvent is cold and high solubility when the solvent is hot. 
Because we will use recrystallization to purify solids in the laboratory throughout this year, you must 
remember this one important concept of recrystallization. 
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 Good Recrystallization Solvent Bad Recrystallization Solvents 
 
Other factors to consider for recrystallization solvents are volatility (b.p. below 100 oC is best), 
flammability, and reactivity with the compound. 
 
If a suitable single solvent for recrystallization cannot be found, mixed solvent systems like water/ethanol 
or diethyl ether/hexane are used. You may need to use mixed solvent systems for other recrystallizations 
during the year, but you will not need them for this experiment. 
 
SUMMARY OF THE RECRYSTALLIZATION PROCESS 
1. Conduct solubility tests to determine a suitable solvent. Follow the procedure described on p.19 
2. Heat a small volume of the selected solvent to boiling and add the hot boiling solvent to the solid 

sample in small portions until it totally dissolves. 
3. Slowly cool the solution to room temperature and if necessary cool further in an ice-water bath. 
4. After crystallization occurred, collect the crystals by vacuum filtration. 
5. Wash the crystals with a small amount of cold solvent. 
6. Allow the crystals to air dry completely before weighing them and determining their melting point and 

percent recovery.  
 
WHAT CAN GO WRONG IN RECRYSTALLIZATION? 
(Review section 15.8 "Sources of Confusion and Common Pitfalls" from the pre-lab reading) 
 
The effectiveness of a recrystallization is measured by percent recovery and purity of the compound. If 
the compound is impure, 100% recovery is not expected nor desired, and some loss resulting from 
transferring solids from one container to another cannot be avoided. Recovery yields should be in the 60-
80 % range.  
Because the compound will have some solubility in the solvent even at low temperature, the following 
problems can occur:  

• If too much solvent is added in the recrystallization a poor yield of crystals will result. Review  
“How much solvent should I use?” in section 15.8. 

• When trying to dissolve the compound, if the temperature of the solvent is too low, more solvent 
will be required to dissolve the solid and too much solvent will be added, resulting in the 
compound not crystallizing upon cooling. The solution to this typical problem is to reheat the 
mixture to evaporate some of the solvent after the compound dissolves. Reducing the volume by 
about a third is generally very effective to provide a more concentrated solution from which 
crystals will be more likely to form.  

Temperature

So
lu

bi
lit

y

Temperature

So
lu

bi
lit

y

Insoluble at all temperatures

High solubility at all temperaturesHigh Solubility at 
High Temperatures

Low Solubility at 
Low Temperatures
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• If too much rinse solvent is used or if the rinse solvent is not cold, some of the product will be re-
dissolved and lost during vacuum filtration.  

 
Occasionally crystals will not form even though the procedure was done correctly and a saturated 
solution has been prepared by dissolving the compound in a minimum amount of solvent. One cause is 
supersaturation. Crystallization can sometimes be induced by scratching the inside of the flask, just 
below the surface of the liquid using a glass rod. The tiny scratch provides a rough surface on which the 
crystallization may begin. The same result can be obtained by adding a small “seed” crystal of that 
substance. 
 
EXPERIMENTAL PROCEDURE 
1. Solubility tests: test the solubility of fluorene and benzoic acid using water, ethanol, and methanol.  

a. Use about 10 mg of each compound for the tests. Do not use the balance to measure out the 
solids accurately. Use a tip of a microspatula-full of each compound (as shown in the syllabus on 
page 11). This level of accuracy is fine for qualitative tests such as these.  

b. First determine if 10 mg of the compound is soluble in 1 mL of the trial solvent at room 
temperature. Stir the mixture with a microspatula to help ensure complete mixing. If the solid 
completely dissolves, it is considered very soluble at room temperature. This is NOT a suitable 
solvent for recrystallization of the compound. 

c. If the compound is insoluble or partially soluble at room temperature, place the test tube in a 
water bath that has been preheated to the boiling point of the solvent you are testing.  To prepare 
the water bath, half fill a 50 mL beaker with DI water and place it on the heating/stirring plate. 

d. Mix the content of the test tube with a microspatula to help dissolving the compound. If the 
compound is still not soluble, it is considered to have a very low solubility at all temperatures. 
Again, this is NOT a suitable solvent for recrystallization of the compound. 

e. If only some of the solid has dissolved in 1 mL of boiling solvent, add another mL of solvent and 
reheat the solution until the solid dissolves completely.  

f. Once complete solubility is observed, cool the solution to room temperature to see whether 
crystallization occurs. 

g. If crystals form within 10-20 min, you have a good recrystallization solvent. 
h. Test each compound (benzoic acid and fluorene) in each of the three solvents (water, methanol, 

and ethanol) following these same steps.  
i. Record your solubility results in your notebook using a table, as shown below. Use your solubility 

data to select a recrystallization solvent for each compound and do a micro scale recrystallization 
of both solids.  
 

SAMPLE SOLUBILITY TABLE 

Solvent Solubility of benzoic acid Solubility of fluorene 
 Cold Hot Observations Cold Hot Observations 

H2O       
Methanol       
Ethanol       
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2. Micro scale recrystallization: Do a micro scale recrystallization of 200 mg of fluorene and 200 mg 
of benzoic acid as outlined in the following steps: 

• Place 200 mg of the solid sample to be recrystallized and two boiling chips into a 25 mL 
Erlenmeyer flask.   

• In another 25 mL Erlenmeyer flask heat up 10 mL of the recrystallization solvent that you selected 
in part 1) to boiling. There is no need to use a thermometer to measure the temperature of the 
solvent. Make sure that the setting on your hot plate isn’t higher than 5.  Note: A beaker is not a 
suitable vessel for heating solvents or for recrystallization.  

• Add a few milliliters of hot solvent to the solid with a Pasteur pipet to cover the solid and heat that 
mixture to boiling while swirling.  More hot solvent is added in small portions until the solid just 
dissolves. Note that a recrystallization requires the addition of boiling solvent to solid. You must 
never add a solid to a fixed amount of boiling solvent. 

• Slowly cool the solution to room temperature. The crystallization may take 15-20 min. If no 
crystals form, cool the flask further in an ice-water bath. If no crystal form after 15 min of cooling, 
evaporate some solvent by heating the solution on the hot plate. 

• After crystallization occurred, collect the crystals by vacuum filtration with a Hirsch funnel (see Fig 
15.5, Microscale apparatus for vacuum filtration, p 232) 

• Wash the crystals with 1-2 mL of ice cold solvent, and leave the crystals to dry under vacuum for 
5 minutes. 

• Store them in a small pre-weighed beaker until next lab period and cover the beaker with 
parafilm. 

• Weigh the crystals and analyze the purity of your compounds.  

• Recrystallization will be used throughout this year-long course, so it is essential that you can 
recall and repeat this process. In many experiments, you might not be given detailed instructions 
for recrystallization: you will simply be asked to recrystallize a compound and you will use this 
same process, beginning with finding the recrystallization solvent. 

 
A pictorial view of the process is given below. 
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Heating and Cooling Process of Recrystallization 
3. Analysis of the recrystallized compounds:  

• Once the crystals are dry, record the weight and calculate the % recovery for each compound:  
% recovery = (mass of crystals/initial mass of solid) x 100 % 

• Measure the melting point of the recrystallized benzoic acid and fluorene (review section 14.3 
“Determining melting point ranges”, pp. 215-217) and record them as ranges (such as 122-124 
oC). A brief overview of the process is:  

i. Introduce a small sample into a melting point glass capillary tube until your sample 
height is about 2-3 mmm.  

ii. Check the expected melting points in the Aldrich catalog and use the “Quick start 
guide” to program the DigiMelt.  

iii. Place the capillary in the DigiMelt and observe when the sample melts. Record the 
melting point range, which is from the temperature when you start to see the 
compound melt to the temperature when the whole sample becomes liquid.  

• Check the purity of your recrystallized compounds by doing a TLC analysis of each compound. 
You will first have to test some developing solvents until you obtain one where the compound 
moves towards the middle of the plate, aiming for Rf values between 0.3-0.7.  

• Tape the TLCs in your notebook and label them. 

• Summarize your results in a table like the one shown below: 
 

DATA TABLE 

Compound Weight (g) % Recovery MP range 
(oC) 

Literature 
MP (oC)  

and source 
Rf value (solvent) 

Benzoic 
acid 

     

Fluorene      

 
 
QUESTIONS 
1. What structural component of benzoic acid makes it soluble in water? 
2. If your purified benzoic acid was not completely dry, how might that lead to errors in your 

experimental results (recovery, purity, melting point)? 
3. The solubility of a compound is 59 g per 100 mL in boiling methanol and 30 g per 100 mL in cold 

methanol, whereas its solubility is 7.2 g per 100 mL in boiling water and 0.22 g per 100 mL at 0 °C. 
Which solvent would be better for recrystallization of the compound? Explain. 

4. A student performs two melting point determinations on a crystalline compound. In one 
determination, the capillary tube contains a sample about 1-2 mm in height and the melting range is 
found to be 140.0-141.0oC. In the other determination, the sample height is 4-5 mm and the melting 
point range observed is 140.0-142.5oC. Explain the broader melting point range observed for the 
second sample. The literature melting point is 143oC. 
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EXPERIMENT 4: SEPARATION OF AN ACID, A BASE, AND A NEUTRAL COMPOUND BY 
EXTRACTION 

 
In this experiment you will separate the components of a mixture by extraction. The mixture will contain 
benzoic acid, Ethyl-4-aminobenzoate and benzil, which are a carboxylic acid, an amine, and a neutral 
organic compound, respectively. Separation by extraction will take advantage of how the compounds’ 
solubilities in water change with pH.  
 

 
 
PRE-LABORATORY READING 

• Chapter 10 "Extraction", sections 10.2, 10.6, 10.7 (pp. 147-148, 155-162) 
• Chapter 21 “Infrared spectroscopy" (pp. 311-348) 

 
OBJECTIVES 

• Learn how to use acid-base chemistry to change the solubility of acidic and basic organic 
compounds, enabling their separation from a neutral organic compound 

• Learn how to do microscale extractions  
• Learn about IR spectroscopy of solids 

 
  
EXTRACTION 
Extraction is a process by which one component of a mixture is separated from the others according to 
differential solubility in two non-miscible solvents. For example, a mixture containing a salt and a small 
organic molecule can be separated by dissolving the mixture in water and then adding an organic solvent 
like ethyl acetate or diethyl ether to the water. The organic solvent (organic phase) and the water 
(aqueous phase) are not miscible and will form a biphasic mixture. The components of the mixture will 
partition themselves between the two phases according to their relative solubility in each phase: the salt 
will remain in the water while the organic compound will dissolve in the organic solvent. The two solvent 
layers are then physically separated. Once the organic solvent is evaporated, the organic compound can 
be isolated. 
 
However, an organic compound may have slight solubility in water, and a salt might have slight solubility 
in organic solvent. As a result, several extractions using small volumes of organic solvent are more 
efficient to extract a compound from water into the organic layer than a single large-volume extraction. 
 
ACID-BASE EXTRACTION 
Most carboxylic acids with more than 5 carbons are soluble in organic solvents like diethyl ether or ethyl 
acetate, but they are not very soluble in neutral pH water. Treatment of a carboxylic acid with dilute 
aqueous base effects an acid-base reaction to produce a carboxylate salt. Because of its ionic character, 
the salt is soluble in water but not very soluble in organic solvents. If the basic solution is then made 
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acidic, the carboxylate salt will be converted back to a neutral carboxylic acid, which is again not soluble 
in water. The idea is diagrammed below. 
 

 
 
Likewise, most organic amines are not soluble in neutral pH water. Treatment of amines with aqueous 
acid produces the corresponding ammonium salt. The ammonium salt is soluble in water but not very 
soluble in organic solvents. If the acidic solution is then made basic, the ammonium salt will be converted 
back to the neutral amine, which is again not soluble in water. The idea is diagrammed below. 
 

 
 
By taking advantage of these solubility properties, it is possible to separate a mixture containing an acid, 
a base and a neutral compound by acid and base extractions. 
 
IR SPECTROSCOPY 
IR Spectroscopy is an effective and rapid method to determine the functional group or groups in a 
compound as you have learned in lecture. We will use IR as a routine method of characterization of 
compounds we produce or purify in the organic chemistry laboratory. Consult your lecture notes and 
class materials for guidelines for interpretation of spectra and use the correlation tables we provide in 
class or in the textbook, Table 21.2 (pp. 327-328) as a reference for spectra interpretation in lab.  
 
Running an IR spectrum is relatively straightforward. Read about the instrumentation, sections 21.3 (pp. 
316-319) and 21.4 (p.319). Our spectrometer uses Attenuated Total Reflectance (ATR), so review 
section 21.6 (pp. 323-326) for sample preparation when using this instrument. 
 
 
EXPERIMENTAL PROCEDURE 

Apparatus: centrifuge tubes (2), 50 mL beakers (2), 50 mL Erlenmeyer flask 
 

 
Initial notes: 
 

• By the end of this experiment, you will obtain three separate solutions and three separate 
compounds. You will analyze each of these three compounds. Do not throw away anything until 
you have completed your analyses of all three compounds! 

• Flow charts for the extractions are appended at the end of this experiment. You may find these 
very helpful. 
 

1. Weigh approximately 0.500 g of the mixture containing benzoic acid, 4-amino-ethylbenzoate and 
benzil (record the exact amount). Dissolve the mixture in 4 mL of ethyl acetate in a centrifuge tube. 

+ NaCl

soluble in water
soluble in organic solvent

+ NaCl

soluble in water

H2O+

soluble in organic solvent
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2. Extract the carboxylic acid from the mixture: 
a. Add 1.5 mL of 10% NaOH to the centrifuge tube containing the ethyl acetate solution of your 

compound mixture. 
b. Cap the centrifuge tube and shake it vigorously four to five times to mix the two solutions 

thoroughly, pointing the tube away from your face. Loosen the cap to vent the vial. Re-seal the 
cap, then repeat the shaking and venting process three times. 

c. Allow the phases to separate so that you can see two distinct layers. In this case, the aqueous 
layer is on the bottom, and the organic layer is on the top. When you are unsure if a phase is 
aqueous or organic, add a drop of water and note in which phase it dissolves. 

d. Attach a rubber bulb to a long stem Pasteur pipet. Squeeze the bulb and insert the pipet into the 
centrifuge tube so that the pipet tip touches the bottom. 

e. Use the pipet to remove the lower layer and store it in a clean 50 mL beaker that you label "basic 
extracts”. Leave the remaining organic layer in the centrifuge tube for the next extraction.  

f. Repeat this extraction two more times (steps 2 a-e) using fresh 1.5 mL portions of aqueous 
NaOH and combine all the lower layers (aqueous layers) in the same 50 mL beaker. This 
aqueous solution now contains the sodium salt of the carboxylic acid.  

3. Isolate the carboxylic acid:  
a. Carefully add 6 M HCl to the aqueous solution (which is in the 50 mL beaker) with a Pasteur pipet 

until a pH of approximately 1 is reached. Mix the solution after each addition of HCl with your 
glass rod and check the pH with pH paper. Please limit the consumption of pH paper – do not 
take more than needed and do not dip the paper in the solution. Instead, dot the pH paper with a 
glass rod after mixing your solution. 

b. Cool the solution in an ice-water bath for 5-10 minutes to allow the precipitate to form. Collect the 
precipitate by vacuum filtration using your Hirsch funnel. Use 1-2 mL of cold water to rinse the 
precipitate. What compound precipitated? 

c. Recrystallize the carboxylic acid in water. After recrystallization, label the crystals and let them 
dry in a small beaker in your drawer until the next lab period. Once dried, record the weight of the 
crystals you recovered. 

4. Extract the amine from the mixture: 
a. Return to the ethyl acetate layer and extract it three times with 1.5 mL of 3 M HCl. Follow the 

general procedure you used for the extractions with NaOH solution in step 2.  
b. Combine the acidic aqueous portions in a separate clean 50 mL Erlenmeyer flask that you label 

“acidic extracts”. This aqueous solution now contains your ammonium salt. 
5. Isolate the amine:  

a. Carefully add 10% NaOH to the aqueous layer in your Erlenmeyer flask until the solution reaches 
a pH of about 10. Mix the solution with the glass rod and check the pH of the solution with pH 
paper. 

b. Cool the solution in an ice-water bath and collect the resulting crystals by vacuum filtration using 
your Hirsch funnel. What are these crystals? 

c. Label the crystals and let them dry in a pre-weighed beaker in your drawer until the next lab 
period. Once dried, record the weight of the crystals you recovered. 
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6. Isolate the neutral organic compound: 

a. Add 2-3 micro-spatulaful of anhydrous sodium sulfate to the ethyl acetate layer in the centrifuge 
tube and cap the tube. Allow the sodium sulfate drying agent to sit in the solution for at least 5 
minutes. This step removes any residual water.  

b. Pipet out the yellow solution into a pre-weighed 10 mL round bottom flask making sure to leave 
the solid in the centrifuge tube. Use 2 mL of Ethyl Acetate to rinse the centrifuge tube and add the 
rinses to the round bottom flask. 

c. Remove the Ethyl Acetate using a rotavapor (your instructor will show you how to use it).  A 
yellow solid should appear when all the solvent is removed.  

d. Label the crystals and let them dry in your drawer until the next lab period. Once dried, record the 
weight of the crystals you recovered. 

7. Analyze the identity and purity of your isolated compounds: 
a. Measure the melting point of each compound you isolated. 
b. Perform TLC analysis of each compound you isolated and spot it against the mixture using the 

nsmall TLC plates. You will have to find an appropriate developing solvent for each compound.  
c. Obtain an IR spectrum of each compound you isolated. Make sure to label the major peaks on 

the spectra and tape the spectra in your notebook. 
8. The initial mixture contained benzoic acid, 4-amino-ethylbenzoate, and benzil in a 2:2:1 weight ratio. 

Using this ratio and the actual amount of this mixture you used in your experiment, calculate the % 
recovery for all three compounds. 

9. In addition to the raw data, summarize your results in a data table, like the one shown below 
 

DATA TABLE 

Compound 

Weight  of 
Pure 
Crystals 
(g) 

% Recovery MP (oC) 
Literature MP 
(oC) and 
source 

Rf value 
(solvent) 

Benzoic 
acid 

      

4-Amino-
ethyl-
benzoate 

     

Benzil      
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QUESTIONS 
1. Draw out the acid-base equations that take place in this separation, using the chemical structures of 

the compounds you worked with. Use curved arrows to show the movement of electrons. 
2. When isolating the carboxylic acid, why do you have to adjust the pH to 1? When isolating the amine, 

why do you adjust the pH to 10? 
3. Why do you extract the initial mixture three times? What would happen if you only extracted it one 

time? 
4. If you had diphenylmethanol (see structure below) in the mixture with these three compounds, would 

you expect to isolate it with the acid, the amine, or the neutral compound? Explain your reasoning. 
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EXPERIMENT 5: SEPARATION OF A BINARY MIXTURE BY FRACTIONAL DISTILLATION AND 
ANALYSIS BY GAS CHROMATOGRAPHY 

 
In this experiment, we purposefully mix two liquids and then practice separating them by fractional 
distillation. We then analyze the effectiveness of the separation by gas chromatography. 
 
PRE-LABORATORY READING 

• Chapter 12 "Boiling points and distillation", sections 12.2, 12.3c, 12.4 (pp 176-180, 185-190) 
• Chapter 20 “Gas chromatography” (pp 297-307) 

OBJECTIVES 
• learn on how to do a fractional distillation to separate two liquids 
• learn how to use gas chromatography (GC) and interpret a chromatogram  

 
DISTILLATION 
Distillation is a common method for the separation of mixtures of liquids and the purification of liquids, 
and it relies on each compound of a mixture having a distinct boiling point. Essentially, the liquid mixture 
is heated to boiling in one location, and the vapors are subsequently condensed in a new location. It 
works because the vapor at the beginning will largely comprise the component(s) of the mixture with the 
lower boiling point(s) while the vapor at the end comprises largely the component(s) of the mixture with 
the higher boiling point(s). If the condensed vapors are collected as separate fractions over time, 
separation of the original mixture can be effected partially or completely. 
 
The two general methods are simple and fractional distillation. In a simple distillation, the vapor above 
the solution is condensed immediately and collected. In a fractional distillation, the vapor is first directed 
along a vertical glass column with an insert that has high surface area. In this column, the vapor 
condenses and re-vaporizes many times before reaching the point where the vapors are condensed for 
collection. The repeated cycles of vaporization and condensation enrich the percentage of the lower 
boiling liquid(s) in the vapor. As a result, fractional distillation is more appropriate for separating mixtures 
of liquids with close boiling points like the mixture of hexane (bp 69 °C) and toluene (bp 111 °C) used in 
this experiment. 
 
GAS CHROMATOGRAPHY 
Gas chromatography (GC) is a valuable technique for separating mixtures of volatile compounds. All 
chromatography relies on compounds partitioning differentially between a stationary and a mobile phase. 
In TLC, we saw a solid stationary phase (the plate) and a liquid mobile phase moving the compounds 
(the solvent(s) in the TLC chamber). In GC, the solute components partition between a liquid stationary 
phase (adsorbed onto a solid support in a column in an oven) and a gas mobile phase. In most cases 
compounds are eluted in order of boiling point, with the more volatile compounds moving more readily 
with the gaseous mobile phase. 
 
In GC, the separated compounds are not normally collected, but rather an electronic trace, called a 
chromatogram, is recorded as each component of the mixture is eluted from the column. If the same 
experimental parameters are applied, a compound always travels through a column in a characteristic 
amount of time, called the retention time. The retention time for GC is the equivalent of Rf in TLC. 
 
One very useful feature of the GC chromatograms is that the area under the peaks of the signals 
corresponding to different compounds correlate to the relative proportions of those compounds in the 
original mixture. As a result, GC allows one to quantify the relative amounts of each liquid in the mixture, 
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and we can use GC to test the liquids collected from our distillation to determine the effectiveness of the 
separation achieved.  
 
EXPERIMENTAL PROCEDURE 

Apparatus: complete fractional distillation setup. See picture appended at the end of this experiment 
for the components and how they are assembled. A complete setup of this apparatus will also be 
on the front bench of lab. 

 
1. Use your graduated cylinder to measure 3 mL hexane and 3 mL toluene. Add this solvent mixture to 

a clean 10 mL round bottom flask along with a couple of boiling chips. Use this flask as the base of 
your fractional distillation setup. Additional notes: 

• Pack the air condenser loosely with copper mesh when you make the fractionating column. 

• Make sure the thermometer bulb is positioned in the lower neck of the Hickman head. 

• Make sure that the apparatus is vertical and straight.  

• Make sure the apparatus is not a completely closed system. (When heated, closed systems 
explode!) 

2. Rest the round bottom flask in the large well of an aluminum block supported by a stirring hotplate 
and clamp the apparatus in place. Turn on the water to the condenser. Only a small stream of water 
is needed: too much water pressure will cause the tubing to pop off. Turn the heat on to a setting of 
4-5 on the dial. The mixture in the round bottom flask will begin to boil, and the reservoir of the 
Hickman head will begin to fill after a few minutes. In your notebook, record the initial temperature at 
which the distillate first starts to collect in the Hickman still head. The Hickman head holds a little over 
1 mL of distillate. Once about 0.5 mL of distillate has collected in the Hickman head, record the 
temperature in your notebook, uncap the side port of the Hickman head, and quickly transfer the 
contents of the reservoir with a pipette to a labeled vial. This removed distillate in the vial is called a 
fraction. Be sure to (1) cap your vial immediately and (2) recap the side port after removing a fraction!  

3. Repeat this procedure of collecting fractions from the Hickman head and recording the temperature 
at which they were collected. If the temperature decreases, turn up the dial on the hot plate gradually. 
Continue collecting fractions in this manner until very little liquid remains in the round bottom flask, 
but do not distill to complete dryness. Turn off the heat and let the apparatus cool down in the hood. 

4. Summarize your results in a table like the one shown below: 

Fraction # Temperature (°C) 
  

  
  
  
  
  

 
5. Draw a graph of temperature versus fraction number. 
6. Save the first two and the last two fractions. Be sure your samples are stored in tightly stoppered, 

labeled containers and placed in the refrigerator when stored until the next lab period. 
7. Analyze a small sample of the second and last fractions by GC. Your TA or lab instructor will assist 

you in this procedure. 
8. Make sure the labeled chromatograms are attached in your notebook.  
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9. Using your graph of fraction number vs. temperature and the data from the GC analysis, discuss how 
well your distillation separated the two liquids. 

 
QUESTIONS 
1. Why is the position of the thermometer important during a distillation? Explain. 
2. Your distillation was carried out at approximately 1 atm. If the pressure were increased to 2 atm, what 

change in the boiling points of your mixture would you have seen? Explain. 
3. If you had used a simple distillation set up to separate the same Hexane/Toluene mixture, what 

differences would you have observed? Explain. 
4. Which methods could you employ to verify that the first peak that you see in your GC chromatogram 

is hexane and that the second peak is Toluene? Explain. 
  

Fractional Distillation Setup 
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EXPERIMENT 6: SYNTHESIS OF ASPIRIN (ACETYL SALICYLIC ACID) FROM SALICYLIC ACID 
Aspirin is the common name for the compound acetylsalicylic acid, widely used as a fever reducer and 
as a pain killer. Aspirin can be synthesized by treating salicylic acid with acetic anhydride in the presence 
of a catalyst, phosphoric acid (H3PO4), as shown below: 
 

 
 

In this lab, you will synthesize aspirin from salicylic acid by this method. This lab will allow you to apply 
many of the techniques you have learned this quarter. For instance, you will have to use your knowledge 
of the techniques to devise your own procedure for the initial purification of the product, and you will have 
to develop your own parameters for its final purification by recrystallization. You will assess the purity of 
the product by TLC and melting point analysis, and you will evaluate its identity by IR spectroscopy. The 
efficiency of your reaction will be demonstrated by calculating the % yield.  
 
PRE-LABORATORY READING 
Review these techniques that you learned this quarter:  

• Separating an acid from a mixture using acid-base extraction 
• Recrystallization  
• Melting point determination 
• TLC analysis 
• IR Spectroscopy 

In addition, review how to calculate percent yield in section 3.2 (p 35-36). 
 
OBJECTIVES 

• Learn to run a chemical reaction by synthesizing aspirin 
• Apply the techniques learned in previous labs to devise a strategy to isolate, purify, and identify 

the product 
EXPERIMENTAL PROCEDURE 
1. Write the balanced equation in your notebook. Below that, set up a table for the reactants you’ll use 

in this reaction. An example table is given below. As you fill this in, identify which reactant/reagent is 
the limiting one. You will always need to show the reaction and a table like this for experiments that 
involve chemical reactions. 

 

Reactant/Product MW 
(g/mole) 

Density 
for 

Liquids 
(g/mL) 

Amounts Used 
(g or mL) 

Moles 
(mmol) 

Mole % (define 
limiting reagent as 
100 % 

Theoretical 
Yield (g) (for 

Product) 
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2. Obtain a small stir bar from your instructor and add it to a clean 50 mL Erlenmeyer flask. Place the 
flask directly on the magnetic stir plate in your hood making sure it is centered. With stirring turned 
on, mix 7.2 mmol salicylic acid and 26 mmol (360 mol %) of acetic anhydride in the flask. Acetic 
anhydride is irritating to the nose and sinuses. Keep this compound under the hood at all 
times and avoid breathing the vapors. 

3. Measure the volume of acetic anhydride with your graduated cylinder and record exact weights and 
volumes you use in a table in your notebook. Add 5 drops of phosphoric acid to this mixture.  Be sure 
to do this in the hood and take care not to splash any of the reagents or the reaction mixture. 
Phosphoric acid is highly corrosive, and the liquid and vapor from acetic anhydride are very 
hazardous to your skin and eyes. Let it stir for 5 minutes and then take it of the stir plate. 

4. Prepare a water bath for heating using a half-filled 250 mL beaker (see p 78-79). Heat the bath on 
the hot plate to 70-80 °C.  Mix the water with a thermometer before measuring the temperature of the 
water. Once the bath is at 70-80 °C, add your reaction mixture flask to it, taking care to clamp it so 
that the flask does not touch the bottom of the bath. Continue to stir your reaction mixture and heat 
the mixture in the water bath at 70-80 °C for 15 minutes. After 15 minutes, remove your reaction 
mixture, and let it cool it to room temperature. 

5. Add 10 mL of water to the reaction mixture and before cooling the mixture in an ice-water bath for 10 
minutes, remove the stir bar. Watch for crystals to appear. If crystals do not appear, you can scratch 
the walls of the flask with a stirring rod to induce crystallization. 

6. Collect the product that precipitates by vacuum filtration using your Hirsch funnel. Wash the crystals 
with 2-3 mL of chilled water. This solid is your crude (unpurified) product. 

7. Air dry the crude product for 5 min making sure to break up the big chunks with your microspatula  
8. Store your product in a small pre-weighed beaker and record the weight of the crude product. 

Perform a comparative TLC analysis of your crude product and salicylic acid. You will need to 
determine whether the limiting reactant was consumed and how many compounds were formed in 
the reaction. In two different lanes on the same TLC plate (use a small TLC plate), spot the product 
and the starting material, salicylic acid. In a third lane, spot both solution on top of each other (a co-
spot). You may need to test different TLC developing solvents to find one that clearly shows the 
disappearance of salicylic acid and the formation of product(s).  You can store the crude aspirin in a 
small beaker until next lab period or proceed to the purification step which will takes approximately 60 
min.   

9. For the initial purification, you are given rough steps below but not a detailed procedure. Think about 
what impurities are likely in your crude product. Use what you have learned in the previous labs this 
quarter to understand the purpose of the rough steps and develop them into a full procedure for 
removing expected impurities. Make sure to write a detailed summary of the full procedure you use to 
isolate/purify the product in this stage. Because things may not work the way you expect, make 
sure you do not throw away anything (e.g. various liquids or solids) until you have 
successfully recovered your product. Rough steps: 
a. Suspend the product in 8 mL of water and proceed all the way to step 8e. 
b. Add 5% NaHCO3 and mix well your solution with a spatula and check its pH. What reaction is 

occurring here? What is the purpose of it? Until you know the answer to this question, you won’t 
really understand the following steps. 

c. Remove insoluble material by vacuum filtration using your Hirsch funnel. Save the filtrate.  
d. Pour the filtrate in a 50 mL Erlenmeyer flask and cool it in an ice-water bath. Add 3 M HCl 

dropwise to adjust the pH. Mix well the solution before checking its pH. Based on what you think 
is going on in this reaction, you will need to determine what pH your solution must reach. Check 
pH using pH paper. 
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e. Aspirin will precipitate during this step. Isolate the precipitate by vacuum filtration using your 
Hirsch funnel. 
Note: Once crude aspirin was suspended in water you have to continue on and do all the 
steps b-e during the same lab period. Do not keep your aspiring in solution for a week. 

10. You will have to perform a final purification of the crude aspirin by recrystallization. First you will have 
to test different solvents like ethyl acetate, ethanol, and water to find the best recrystallization solvent 
and then perform the recrystallization on your crude aspirin. 

11. Weigh your final product and calculate the % yield. 
12. Analyze the identity and purity of your product by IR spectroscopy, TLC analysis, and melting point 

determination. 
13. Print the CNMR spectrum of aspirin from Google sites, tape it in your notebook and interpret the 

spectrum  
 
QUESTIONS 
1. According to your results, is the aspirin you synthesized pure? What analyses give you this 

information? Be as specific as possible. 
2. Acetic acid is unlikely to be a contaminant in your solid aspirin. Explain why. 
3. Write a balanced equation using structural formula that shows the reactants and the products that 

form when crude aspirin is treated with NaHCO3.  
4. If your measured melting point of the product from this experiment was 158-159 °C, what would this 

tell you? 
5. What would be your theoretical yield if you reacted 1.6 g of salicylic acid with 5.5 mL of acetic 

anhydride? Show calculations.  


