Northern Kentucky University

CHE311 L
ORGANIC CHEMISTRY LABORATORY

Please read this carefully. You are responsible for all information contained in this supplement.
INTRODUCTION

The goal of Organic Chemistry 311 L 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, you will utilize the techniques you have learned
previously. You will need less guidance and with careful planning you should be able to do almost
everything on your own. We have endeavored to design these experiments so that there is a correlation
between lecture and lab material.

LABORATORY PROTOCOLS, THE LAB NOTEBOOK & 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 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 & Physical Constants

Some faculty members require a laboratory protocol. A laboratory protocol is a step-by-step
guide of instructions on how you will perform an experiment. It is written in your own words; think of it as
a Qecipe" you will be following. Most of the necessary information can be obtained from your book or the
supplement. However, you may need to look up physical constants (e.g. molecular weights, densities,
melting points, etc.) for various reactants and products. Physical constants may be found in CRC
Handbook of Chemistry and Physics, the Dictionary of Organic Compounds, the Aldrich Catalog, or on-
line. Your protocol should be complete, generally 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 notebook 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.

You should purchase the required laboratory notebook with carbon or carbonless paper for
copies of your protocol and procedures. 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 mmol)), 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
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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.

Lab Reports
There will be two different lab report formats used in this course depending upon the experiment

conducted for the week. Your instructor will specify the format for your lab reports.

Format A: Data Sheet Report: These labs will simply require turning in the appropriate data sheet
(included in the corresponding supplement), answering specified questions, and turning in
original lab notebook which pages dealing with that experiment. Reports 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.

Format B: Formal Lab Report: The format for any formal reports will be supplied by your instructor.

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 B 16)

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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1)

2)

3)
4)
5)

6)

7

8)

9)

HELPFUL HINTS FOR SURVIVAL IN ORGANIC CHEMISTRY LAB
Always take melting points and weights of any intermediates as well as products in a synthesis.

Contrary to popular belief, 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.
Vacuum filtrations need to be clamped.
Recrystallization of products is important and required; it increases the purity of the products.

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

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

Melting points are ranges.

Hot things burn.

10) Sharp things cut.

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

1)

2)

3)

4)

5)

GUIDELINES FOR STUDENTS CONCERNING LAB REPORTS
Each lab report will follow the formats given above.
All reports handed in must include original lab notebook pages, no handwritten or photocopies.
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---this is the heart of organic
chemistry.

You are responsible for yourself, therefore you are responsible for listening to announcements. A
superior student will be aware!

This semester, since most, if not all of your labs involve a synthetic component, you will be evaluated
mostly on your quality and quantity of recovered material as well as answering the questions on the
data sheets.

Note: Copying information froma current or former student@ lab report is a violation of the
Honor Code
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DETERMINATION OF THEORETICAL AND ACTUAL YIELDS

Mohrig, p. 26 P 27.

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 many 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; i.e. 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 #butanol, the
most you could obtain is 1 mole of +butylchloride. 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 = mol
MW limiting reagent mol limiting reagent

g product obtained

ACTUAL YIELD = =mol
MW product
ACTUAL YIELD (mol) ACTUAL YIELD (g)
% YIELD = x 100 = x 100
THEORETICAL YIELD (mol) THEORETICAL YIELD (g)

*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, the Dictionary of
Organic Compounds, the Aldrich Catalog, or on-line.
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SAMPLE PROTOCOL
(TOBE DONE IN LAB NOTEBOOK PRIOR TO PERFORMING THE EXPERIMENT)

SYNTHESIS AND PURIFICATION OF ACETYLFERROCENE

&

Ferrocene Acetic Anhydride
MW 186.04 g/mol 109.09 g/mol
d 1.082 g/mL
mass used 0.50¢g 7.03 ¢
vol used 6.5 mL
moles 2.7%x10°% 6.9 x 1072
Synthesis:

Heat water to 85-90 ;C.
Get ice bath.
Put 0.50 g ferrocene in 50 mL rb flask.

@ o o
e
CH3 o) CHg

0
@(C%

H3PO,
_—
Fe
>
Phosphoric Acetyl Ferrocene
acid
98 g/mol 227 g/mol
1.83 g/mL
1.83¢
1.0mL
1.9 x 107
Theoretical yield 0.61g
Actual yield % vyield

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

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.

Add 15 mL H20 and check pH of reaction mixture.

1
2
3
4.
5. Add 1.0 mL 85 % phosphoric acid dropwise with stirring to ferrocene.
6
7
8
9.

10. Filter or Hirsch funnel, wash with 4 x 10 mL cold water and dry in bench overnight.

11. Weight of crude material g.

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 g.

10. 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.
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The Laboratory Notebook

One of the objectives of this course is for you to learn to keep a proper laboratory notebook. The lab
notebook serves as a permanent record of your work. A well-kept notebook is imperative in research in
graduate school or industry since it may provide evidence of discovery for patents, publication, etc. If
the notebook is properly written, any chemist who reads English should be able to repeat the
experiment and get the same results as you did. This is the essence of science. Accordingly, the
following precepts for your notebook must be observed:

. All entries must be made in ink, black (all descriptive writing), red (reaction / header), or blue (references

/ dates/ signatures). No entries or data should be recorded on scrap or loose leaf paper, but entered
directly in the book. The lab notebook must be bound, not loose leaf, and have consecutively
numbered pages. No pages should be torn from the book.

Each experiment should begin on a fresh page, which is dated and has the title of the experiment.
Entries should be in the past tense, using complete sentences. The impersonal tone is required.
Example B Benzoic acid (1.0 g) was added to a saturated sodium bicarbonate solution (50 mL).
Effervescence was observed as the sample dissolved. NotD | will add 1.0 gram ... or add 1.0 gram .

The narrative should state what you did and what you saw. They should be entered at the time the
experiment is performed, not after the notebook has left the lab.
If you generate material which does not fit readily into the narrative (spectra, chromatographs, pictures),
these should be referenced in the notebook and attached.
Any calculations should be summarized (in ink, of course) in the notebook. Lists, tables or charts may
be appropriate.
There should be no erasures. Corrections should be made by drawing a single line through the mistake,
then writing the correction.
A reasonable conclusion based on your experiment should be found at or near the end of your write-up.
Following these instructions may lead to a less than pristine lab book. That is ok. Spots, stains, etc.
only indicate that the book was used as intended.

You should obtain the laboratory notebook sold with the other chemistry books in the bookstore. This
particular book makes copies as you write. At the end of the lab period your narrative containing what
you did and what you performed should be complete. It is your responsibility to have the procedure
initialed by the instructor before you leave the lab. Prior to the following week® lab complete the data
sheet in the supplement. The data sheet is due at the beginning of the following lab unless additional
data (mp, weight, etc) is required to finish the data sheet, in which case your report is due 1 hour after
the beginning of class. Remember, all data should be originally recorded in the lab notebook before it
is transcribed onto the data sheets.

The header for the experiment, including the chemical reaction, molecular formulae, molecular
weights, and references, should be considered part of the protocol and written in your lab
notebook on a fresh page in the appropriate colors before the beginning of class.
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SAMPLE LAB NOTEBOOK WRITE-UP
Asymmetric 1,4-addition to a chiral oxazolidinone

CHa O o CHz CH; O O
/@MN CuBr ¥ (CHs),S /©/\)LN
CH3MgBr _— >
H3CO THF, (CH 3)28 H3CO
oiC! n
Co1H21NO3 CooH25NO3
335.4018 g/mol 3.0 Min Et,O 351.4444 g/mol
5.00¢9 7.50 mL theo : 14.9 mmol, 5.23¢g
14.9 mmol 22.5 mmol act:5.04 g, 96 %
KCR - III- 20 Aldrich as a 9:1 mixture of diastereomers

Ref: Based on Oppolozer, W.; Kingma, A.J.; Ploi, G. Tetrahedron, 1989, 45, 479 - 488.

April 1, 1994 Into a clean, dry 250 mL 2-neck round bottomed flask with a magndic stirbar
was placed coppe (1) bromide dimethyl sulfide complex (4.58 g, 22 mmol; Aldrich). Theflask
was fitted with a pressure equdizing addition funnd and topped with a rubber septum. The
system was purged with argonand freshly distilled tetrahydrofuran (50 mL) and dimethyl sulfide
(20 mL) added. The open neck was then fitted with a rubbe septum and the reaction mixture
cooled to B10jC. The methyl magnesium bromide was then added to the solution via syringe
resulting in a yellow durry which was stirred for 10 minutes. During this time the addition
funnd was charged with the acyloxazolidinonein freshly distilled tetrahydrofuran (25mL). The
oxazolidinone was then added to the cuprate solution over 15 minutes changing the reaction
color from yellow to green. The reaction was stirred at 0 jC for 30 min and 90 min a room
temp. The reaction was quenched by the dow addition of 1 N hydrochloric acid (25 mL) and
stirring for 15 min. The phases were separated and the aqueous phase was extracted with ethyl
ether (2 X 50 mL). The extracts were combined with the origind organic layer and dried over
anhyd.magnesium sulfate. Thedrying agent wasfiltered and silicagd (5 g) added to thefiltrate.
The solvents were removed by rotary evaporation unde reduced pressure and remaining solids
were dried overnight unde high vacuum -KCR. April 2, 1994. The solids was
chromatographed on silica gd (150 g) usng ethyl acetate : hexanes ( 3 : 7; v/v) as the eluant.
Like fractionswere combined and concentrated by rotary evaporation to yield 5.04 g of a white
solid. -KCR. April 3,1994. 'H nnr of thesolid (KCR - 111 - 21A) confirms tha it is the desired
produd as a 9:1 ratio of diastereomers. The product has a melting point of 113D115iC. This
produd will beused in the next reaction withoutfurther purification.-KCR.
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Sample Calculations

1) mmol C,,H,;NO,

% mol C,H,NO, %1000 mmol &

5.00 o." % 5 =
9 GH.NO, $335.4018g C,H,NO,*$" 1mol

14.9mmol C, H, NO,

2) Theoretical yield of C,,H,,NO;, mmol

| NO,&
o Mol Co OSg =14.9mmol C,H,NO,
$1mol C,H,NO,

149 mmol C,H,NO

3) Theoretical yield of C,,H,,NO;, g
452514444 mgC,H,NO,¥ 19 &

14.9 mmol C o," {=5.23 NO
N0 ¢ 1mmol C,H,NO, QﬁOOOmg‘ 9 GANO;

4) Percent yield C,,H,,NO,
n %
¢5.04g GH,NO, act (100 % =96.3 %
.23 g GH,NO; theo&
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Accuracy, Precision, and Significant Figures

accuracy ba measure of the deviation of the measured value from the true or accepted value (% error,
etc.)

precision Ba measure of the agreement of experimental measurements with each other (range, standard
deviation, etc.)

Significant Figures
Digits expressing a measurement (or the results of a calculation involving such measurements) such that
only the last digit is uncertain are called significant figures or significant digits.

Rules for counting the number of significant digits in a properly-reported measurement:

1. Nonzero digits are always significant. 1.245m 4 sig. fig.
2. Leading zero® (zero® before any nonzero digit) are not significant. 0.00421g 3 sig. fig.
3. Embedded zero® are significant. 205.01 ¢ 5 sig. fig.
4. Trailing zero® behind the decimal point are significant 2.500 m 4 sig. fig.

Trailing zero® in front of the decimal point- can®tell 1000s ? 1,2, 3 or 4, can®tell

For a number in scientific notation, the pre-exponential factor indicates the number of significant digits.
example: 250 x 10°g 3 sig. fig.

An exact number can be considered to have a infinite number of significant digits. Many integers are
exact. Some other numbers are exact; for example, there are exactly 2.54 cm in one inch.

Significant Figures and Mathematical Operations
addition and subtraction Bretain as many digits to the right of the decimal as in the number with the
fewest significant digits to the right of the decimal.

example: 215.47 g + 918.251g - 0.000458 g = 1133.72g

multiplication and division Bretain as many significant digits as in the number with the fewest significant
digits.
example: (214.21g) x(11.2cm)/(17.413g) = 138cm
Rounding

If the first digit to be discarded is a 4 or less, the value of the last digit retained is not changed.
example: 1.8453 rounded to two digits is 1.8

If the first digit to be discarded is a 5 or above, the value of the last digit retained is increased by 1.
example: 1.8453 rounded to the second decimal place is 1.85
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