CHE 310L

ORGANIC CHEMISTRY LABORATORY

INTRODUCTION

The goal of Chemistry 310L is to provide you with a foundation in general laboratory skills required for
practical work in organic chemistry.

This is probably your first laboratory experience that will have a strong relationship to procedures and
operations common in the health professions such as pharmacy, biochemistry, medicine, medical
technology, and nursing. Furthermore, all research in organic chemistry builds on the techniques in this
course.

In the experiments you perform this semester, it is very important to learn the basic skills introduced
in each experiment and perform them well since you will use these skills over and over again in the
subsequent semester. Since this is the first time you are exposed to organic chemistry, some
experiments will correlate well with the lecture material while others may not. Thus, in these cases, you
will learn fundamental organic techniques as well as the chemistry.

LABORATORY PROTOCOLS, LAB RECORD BOOK, LAB REPORTS

The organic chemistry laboratory experience is designed to teach you how an organic chemist learns
the "facts" about organic chemistry. This is done experimentally in the lab. To do experiments in a proper
fashion, a chemist must first know how to approach an experiment, what goes on as they perform the
experiment, and analyzing the data after the experiment. This is accomplished by writing an experimental
protocol, keeping a proper notebook and reporting the data.

Protocol

Some faculty members require a laboratory protocol. A laboratory protocol is a step-by-step
guide of instructions on how you will perform the experiment. It is written in your own words; all
necessary information can be obtained from your book or handout. It should be complete, no longer than
two pages. You should make it understandable since you will be using primarily this rather than referring
to the book or handout during the lab. If you have any questions about the lab, you should ask prior to
beginning the experiment. Your protocol should be written in your lab record book and will be checked
and initialed by your instructor before you are given any starting materials. A sample protocol is provided
later in this handout.

Lab Notebook (Mohrig, p. 30-32)

You will purchase a laboratory record book from the bookstore. The laboratory record book
should contain all pertinent information about the experiment to be performed including such information
as molecular weights, boiling or melting ranges, densities, amounts used, amounts obtained (in mass (g
or mg), volume (L or mL), and moles (or mmoles)), of all starting materials and products. It should also
contain a reaction equation and mechanism if applicable. You should show all calculations of theoretical
and actual yields. ALL data and observations should be recorded in your notebook, not on scratch paper,
not on paper towels, but in your notebook. As you perform your experiment you need to record its
progress as you do it. You should always include a discussion of your results; how the experiment went,
what your results told you and any changes or improvements you might make. Your notebook should be
as neat as possible so that others could perform the same experiment by simply following your notebook.
Some experiments can be written in a prose fashion, other are better in tabular form. A sample lab
notebook write-up is also provided later in this supplement. Your instructor may have additional
requirements for the notebook.
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Lab Reports

There will be two different lab report formats used in this course depending upon the experiment
conducted for the week.

Format A: Data Sheet Report: These labs will simply require turning in the appropriate data sheet
(included in this supplement), answering specified questions, and turning in photocopies of your lab
notebook which deal with that experiment. They must be STAPLED together or they will not be accepted.
DO NOT COMPLETE THESE DATA SHEETS DURING THE LABORATORY PERIOD. THE DATA
SHOULD BE FIRST RECORDED IN YOUR LAB NOTEBOOK, THEN AFTER CLASS, TRANSCRIBED
TO THE DATA SHEETS. POINTS WILL BE DEDUCTED FROM THAT EXPERIMENT IF YOU DO NOT
FOLLOW THIS POLICY.

Format B: Formal Lab Report: The format for this report will be supplied by your instructor, if needed.

Your instructor will specify the format for your lab reports.

Samples
For some experiments, you will be asked to turn in a sample of your product. You should have your

vial labeled with the following information: 1) Name; 2) Lab Day; 3) Name or structure of compound; 4)
Weight.
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Safety (Mohrig, p. 2 D15)

We are extremely serious about safety. No tolerance will be shown towards students who violate
safety rules. Failure to follow the safety regulations below may result in dismissal from the course and a
failing grade. Any injuries should be reported to the instructor immediately. If the instructor is not
available at that moment, report to the stockroom.

1) Eye-protection must be worn at all times in the laboratory.
2) No eating, drinking, or smoking is permitted in the laboratories or in the hallways adjacent to the lab.

3) Students are never permitted to work in the laboratory without supervision. NO unauthorized
experiments are to be performed. NO chemicals should be removed from the laboratory except by
special permission from the instructor.

4) Reagents and chemicals are not to be stored in lockers without specific permission.

5) Hazardous laboratory experiments will be reviewed in the prelab discussion. Use of correct
procedures for dilution of acids, care in working with flammable liquids and other hazardous materials
is mandatory.

6) The location of safety equipment in the laboratory should be noted and the student should understand
the operation of it:
a) Fire extinguishers
b) Safety showers and eye washes
¢) Fume hoods
d) Spill neutralizers
7) Do not wear expensive clothing to the lab. There is a high probability you will damage fragile textiles.

8) Wastes are to be disposed of according to the directions given in the laboratory. Never throw solid
materials or organic liquids into the sink. Use appropriate waste containers.

9) Chemical spills should be cleaned up as soon as possible using safety precautions. Work areas must
be kept clean and orderly.

10) Laboratory equipment should be securely clamped or otherwise rendered stable.
11) Any mercury spills should be reported to the instructor or lab assistant at once.

12) NEVER look down into a test tube or flask in which an experiment is being conducted. NEVER point
a test tube at any one, especially when it is being heated.

13) Read labels on reagent bottles carefully before using the reagents. Use of the wrong reagent may be
disastrous. Do not use more than the amount specified. Do not return excess reagents to reagent
bottles as this causes contamination of reagents.

14) Chemicals are not to be taken from the hood or side shelves. Bring a container to the hood or shelf
and obtain the required chemicals there. Be extremely careful in reading labels. There are potential
hazards in even the most benign experiments. Take precautions not to contaminate bottles of
chemicals (eg. by the use of dirty spatulas or pouring back liquids into a stock bottle).

15) Do not weigh chemicals directly onto the balance pans. Use paper or a watch glass for solids and a
beaker for liquids. Spills by the balance area must be cleaned IMMEDIATELY!

16) Wash hands whenever contaminated and at the end of the laboratory period. Keep your station neat
during use and clean your working area at the end of the period.

17) Broken glass cuts deeply. When thermometers or tubing fits too tightly in rubber corks, lubricate them
with glycerin and twist using short strokes with minimum pressure. Covering glass with a towel while
inserting into rubber or cork stoppers helps to prevent serious accidents.

18) Always use the hood when performing experiments in which objectionable odors or poisonous fumes
are evolved.
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HELPFUL HINTS FOR SURVIVAL IN ORGANIC CHEMISTRY LAB

Always take melting points and weights of any intermediates as well as products in a synthesis.

As some people have found out by experimentation, round bottom flasks will not stand upright on a
flat bench top. USE A CORK RING.

Items sitting in an ice bath will not remain upright as the ice melts. CLAMP THEM.
Recrystallization of solid products is important; it increases the purity of the products.

Once you have recrystallized a product, you need to vacuum filter it. (Hirsch or Buchner funnel---
REMEMBER?)

Always use clean glassware. Do not expect the instructor to perform miracles when your product is
purple when it should be white, because you used dirty glassware.

Melting points are ranges.
Hot things burn.

Sharp things cut.

10) Include a mechanism somewhere in your report-even if it is provided for you.

GUIDELINES FOR STUDENTS CONCERNING LAB REPORTS
Each lab report will follow the format specified by your instructor.
All reports handed in must be the original copy. Be sure to include copies of your protocol (if required
by your instructor), and other laboratory notebook pages for that experiment, especially if they are to

serve as your "procedural" section of your report.

All lab reports involving a preparation must contain a reasonable mechanism for the reaction (if any
was conducted for the week), whether it is specifically asked for or not.

You are responsible for yourself, therefore you are responsible for listening to announcements. A
superior student will be aware!
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DETERMINATION OF THEORETICAL AND ACTUAL YIELDS

Mohrig, p. 33.

Two of the most important pieces of information that one wants to learn when doing any type of
experiment that involves a "synthesis" is how much should | get if the reaction went 100% and how much,
"what percentage," did | really obtain.

In preparation of organic compounds, all of the reagents except one are usually used in excess in
order to decrease the reaction time or to bring the reaction nearer to completion. This one reagent
(usually the most expensive or most difficult to obtain) that is present in lesser amount limits the amount
of product; ie. you can obtain no more "IN MOLES" than your reagent that is in the least amount (IN
MOLES). It is called the "yield determining, yield limiting, or limiting reagent." Thus, for instance, in a t-
butylchloride experiment, if you used 10 moles of hydrochloric acid but only one mole of t-butanol, the
most you could obtain is 1 mole of t-butyl chloride. This maximum yield possible is termed the "theoretical
yield;" it is usually expressed in grams, but can be expressed in moles. The "actual yield" can never be
greater than the theoretical yield and it is usually less. The efficiency of the preparation is expressed as
the percent yield which is actually a percent of the theoretical yield. The percent yield is the actual yield
(moles or grams) divided by the theoretical yield (moles or grams, but must be the same units as actual
yield) multiplied by 100. Here are the important equations to remember:

g limiting reagent mol product

*THEORETICAL YIELD = — X — = moles
MW limiting reagent mol limiting reagent

g product obtained
ACTUAL YIELD = = moles

MW product

ACTUAL YIELD (moles)
% YIELD = x 100
THEORETICAL YIELD (moles)

*“THEORETICAL YIELD IN GRAMS = THEORETICAL IN MOLES X MOLECULAR WEIGHT OF
PRODUCT

You will be required to calculate the moles used as well as theoretical , actual and percent yields for
every reaction you do. You can determine the molecular weights from the structure (count atoms) or
obtain them from sources such as the CRC Handbook of Chemistry and Physics or the Dictionary of
Organic Compounds.
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SAMPLE PROTOCOL (TO BE DONE IN LAB NOTEBOOK PRIOR TO PERFORMING THE
EXPERIMENT) Check with your instructor.

SYNTHESIS AND PURIFICATION OF ACETYLFERROCENE

aumn [\
|O >=o | 3

H5PO,
Fe + 0 > Fe
2= q
] /

MW 186.04 109.09 98 227
d 1.082 1.83 Theoretical yield .613g
gused 0.5 7.03 1.83 Actual yield -
mL used 6.5 1.0 % yield
moles 2.69x103  6.89 x 1072 1.87 x 1072
Synthesis:

. Heat water to 85-900C.

. Getice bath.

. Put 0.5 g ferrocene in 50 mL rb flask.

. Add 6.5 mL acetic anhydride to rb and cool in ice bath.

. Add 1.0 mL 85% phosphoric acid dropwise with stirring to ferrocene.

. Put drying tube on flask and place in hot water for 5 min.

. Pour reaction onto approximately 15 mL chipped ice in a 400 mL beaker.
. When ice is melted, add 13 g NaHCOg and stir constantly for 1 hr.

9. Add 15 mL H20 and check pH of reaction mixture.

10. Filter or Hirsch funnel, wash with 4 x 10 mL cold water and dry in bench overnight.
11. Weight of crude material g.

ONO UL WN =

Purification: (Column Chromatography)

1. Put a small plug of glass wool, 1 cm sand, 12.5 mL acid washed alumina, 1 cm sand into 25 mL buret.
2. Add pet. ether to wet column, drain close to top of column.

3. Dissolve crude product in 1.5-2.5 mL warm toluene and apply to top of column. Drain to top, add a few
mL pet ether, and drain to top again.

4. Elute with approx. ____mL pet ether until fraction (ferrocene) comes through.

5. Elute with 1/1 pet ether/diethyl ether until orange-red fraction comes through. Used __mL.
6. Check two fractions on TLC (ferrocene as std.) elute with 30/2 toluene/ethanol.

7. Evaporate fractions on steam bath.

8. Recrystallize acetylferrocene from pet. ether.

9. Weight

1

. g.
0. Yield

You must report molecular weights and moles used or produced for all reactants and products.

Remember, this is a sample protocol. You still need to make pertinent observations, procedural changes
and calculations in your notebook. Write down information as you do the experiment.

Introduction - 6



SAMPLE LAB NOTEBOOK WRITE-UP

Reaction Equation:

CHO

CHj o
O
EtOH N\
—_—
NaOH
NO, NO,
Materials:

p-Nitrobenzaldehyde- MW 151, 0.108 g, (7 x 1074 moles), mp 105-108°C

Acetophenone- MW 120, 0.1g, (8 x 1074 moles), d = 1.03, b. p. =202°C

4-Nitrochalcone- MW 253, obtained 0.84 g (3 x 1074 moles) lit m.p. 158-160°C, actual m.p. 160-1620C
95% EtOH- 4 mL

10% NaOH- 0.4 mL

Yields

Theoretical yield 7 x 1074 (mol) x 253g/mol x 100 mg/mol = 177.1 mg
% yield- 84 mg/177.1 mg x 100 = 47.4%

Procedure:

3/29/98

The p-nitrobenzaldehyde was weighed into a thick-walled test tube. The 4 mL of 95% EtOH was
added, followed by weighing the acetophenone directly into the tube. The material was dissolved by
warming in a steam bath and then cooled in an ice bath in a beaker. The NaOH was added dropwise via
syringe. After 10 min., an orange precipitate began to form. This was allowed to proceed 15 min. and to
settle in the tube. The supernatant was pipetted off and the solid allowed to settle again. The product
was washed 3X with 80% EtOH, solvent pipetted off again. An attempt was made to dry with vacuum
aspirator. This did not work well so the product was air dried overnight.

3/30/98
The sample was filtered with a small Hirsch funnel, so there was probably substantial loss of product and

0.084 g of product was obtained. The product collected in a 47.3% yield had a m.p. of 160-162°C. The
product was used without further purification.
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Physical Methods and Techniques

The first seven experiments you will perform are designed to teach you the techniques an organic
chemist uses in the laboratory as well as physical measurements important for the identification and
characterization of compounds. The techniques you will learn are, recrystallization, distillation, extraction,
thin-layer chromatography, and column chromatography. Physical methods include melting points and
boiling points. Once you have mastered these techniques, you will be able to complete any experiment
we ask of you. Thus, itis important to learn these techniques well.

Experiments will be outlined in this lab supplement. Each experiment may require reading from
your lecture text as well as Mohrig, ef al. You are responsible for all the assigned reading; most will not
be discussed in the pre-lab. The pre-lab will be used for demonstrating new techniques. If you have any
questions, make an effort to have them answered before arriving at the lab.
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