Prior to lab obtain the literature melting point values of benzoic acid, aspirin, acetanilide, acetaminophen, and phenacetin.  You might try looking in The Merck Index, the CRC Handbook of Chemistry and Physics, the Aldrich Chemical Catalog, or an online chemical supplier such as Sigma-Aldrich at http://www.sigma-aldrich.com.  The NIST Chemistry WebBook is another valuable source of information.  http://webbook.nist.gov/chemistry/   Even the Physical and Chemical Properties section of the Material Safety Data Sheet (MSDS, many available online) will typically give the melting point.  Provide a reference for the source you choose.
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Recrystallization and Melting-Point
Measurement. Identifying a

Component of “Panacetin” EXPERIMENT 3
e ————————————————————————————————————————————
Purification Methods.

Operations:

OP-23 Recrystallization
OP-28 Melting Point
OP-4  Weighing

OP-6a Heat Sources
OP-21 Drying Solids

Before You Begin

1 Read the experiment and operations OP-23 and OP-28. Review the
other operations as necessary.

2 Read “Using the Bibliography” in Appendix VII and familiarize
yourself with the layout of the Bibliography.

3 Calculate the approximate volume of boiling water needed to dis-
solve all of your unknown compound if it is acetanilide and if it is
phenacetin (see “Understanding the Experiment”).

m
Scenario

The Scenario for this experiment is given in Experiment 2.

Applying Scientific Methodology

The problem you will be trying to solve in this experiment is “What is the
identity of the unknown component of Panacetin?” Your course of action is
described in the Directions; during the experiment you should be gathering
and evaluating evidence that can help you solve the problem. Any working
hypothesis can be no more than a guess, so you might want to wait until you
carry out the Purification step before you formulate your initial hypothesis.
You will then test your hypotheses in the Analysis step, which will allow you
to reach a conclusion. Keep a careful record of your observations and your
interpretation of the evidence so that you will be able to describe them in
your report.

Using Chemical Reference Books

Knowing the physical properties of a compound—such as its melting or boil-
ing point, refractive index, and spectral absorption bands—can help you
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identify the compound and estimate its degree of purity. Whenever a new
compound is discovered or synthesized, its physical properties are measured
and reported in one or more scientific journals, so that future investigators
can recognize that compound when they encounter it. Physical properties
and other information about the more familiar compounds are reported in
chemical handbooks and other reference books. For instance, from its entry in

This and other general reference books The Merck Index, we learn that acetaminophen is known by at least 8 chemi-

are described under category A in  cal and 45 proprietary drug names including Alpiny, Bickiemol, Cetadol,

Appendix VII, Dial-a-gesic, Enelfa, Finimal, Gelocatil, Homoolan, and so on down the
alphabet. The same source lists the compound’s important physical proper-
ties and uses, gives references describing its preparation from various start-
ing materials, and tells where to find more information about it. For example,
it refers to an evaluation of acetaminophen’s effect on the kidneys on page
1238 of volume 320 (published in 1989) of the New England Journal of
Medicine, as indicated by the following entry:

Evaluation of renal effects: D. P. Sandler et al, N. Engl. J. Med. 320,1238 (1989)

In such citations the abbreviated journal name is followed by the vol-
ume number, the page number on which the article begins, and the year
of publication. Another convention is to list the year first (in boldface
type), followed by the volume number (in italics) and page number, as
illustrated for the following citation to an article in the Journal of Organic
Chemistry.

J. Org. Chem. 1994, 59, 2546,
journal abbrev. year volume page

The full names of scientific periodicals can be found in the Chemical
Abstracts Service Source Index (CASSI).

Figure 3.1 reproduces the entry for acetanilide from the 14th edition of
Lange’s Handbook of Chemistry. This handbook reports that acetanilide
has a melting point of 114.2°C and that it is only slightly soluble in water
(aq) at 25°C, dissolving to the extent of 0.56 g per 100 mL of water at that
temperature. The Merck [ndex reports that a gram of acetanilide dissolves
in about 185 mL of cold (near room temperature) water or 20 mL of boiling
water, and that a gram of phenacetin dissolves in 1310 mL of cold water or
82 mL of boiling water. Such entries often tell you what you need to know in
order to purify a compound and identify or characterize the pure substance.
These and other physical properties of acetanilide and phenacetin are sum-
marized in Table 3.1 where solubilities from The Merck Index are expressed
in grams of solute per 100 mL of water.

Formula  Beilstein Refractive Melting  Boiling Flash Solubility in 100
No. Name Formula weight  reference Density index point point point parts solvent
al8  Acetanilide CH,CONHC/H; 13517 12,237 12199 1142 304 173(0C)  0.56 ag®;29 alc;
2 bz; 27 chl;
25 acet; S eth

Figure 3.1 Lange’s Handbook of Chemistry entry for acetanilide. (Reprinted with permission from Lange’s Handbook of
Chemistry, 14th ed., by N-A. Lange, edited by J. A. Dean. Copyright McGraw-Hill, Inc:, New York, 1992.)
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Understanding the Experiment

In this experiment you will purify and identify the unknown component of
Panacetin from Expeniment 2.

No separation is perfect; traces of impurities will always remain in a sub-
stance that has been separated from a mixture. Therefore some kind of purifi-
cation process is needed to remove them. Solids can be purified by such
operations as recrystallization, chromatography, and sublimation; liquids are
usually purified by distillation or chromatography. The solubility information
from Table 3.1 indicates that both acetaminophen and phenacetin are rela-
tively soluble in boiling water but insoluble in cold water. This suggests that
the unknown component can be purified by recrystallization, in which an
impure solid is dissolved in a hot (usually boiling) solvent and crystallizes
when the resulting solution is cooled to room temperature or below. Based on
the mass of unknown you recovered from Experiment 2, you can estimate the
volume of boiling water needed to dissolve that mass of either acetanilide or
phenacetin. For example, the table shows that the solubility of acetanilide in
boiling water is 5.0 g per 100 mL water. If your unknown is acetanilide and
you recovered 1.15 g of the crude solid, the approximate volume of boiling
water you will need to dissolve it is 23 mL.

1.15 g acetanilide X M = 23 mL water
5.0 g acetanilide
Phenacetin, which is less soluble in boiling water, will require more water.
You should begin the recrystallization using the smaller volume of water
(don’t add it all at once—see OP-23) and add more only if your compound
does not dissolve in that amount of water at its boiling point.

After a compound has been purified, it should be analyzed to establish its
identity and degree of purity. Although sophisticated instruments such as
NMR spectrometers and mass spectrometers are now used to determine the
structures of most newly discovered organic compounds, an operation as sim-
ple as a melting-point measurement can help identify a compound whose
properties have already been reported. By itself, the melting point of a com-
pound is not sufficient proof of its identity since thousands of compounds
may share the same melting point. But when an unknown compound is
thought to be one of a small number of possible compounds, its identity can
often be determined by mixing the unknown with an authentic sample of each
known compound and measuring the melting points of the mixtures. The use
of a mixture melting point for identification is based on the fact that the melt-
ing point of a pure compound is lowered and its melting point range broad-
ened when it is combined with a different compound. For example, if your
unknown is phenacetin, it should melt sharply near 135°C, and a mixture of
the unknown with an authentic sample of phenacetin should have essentially
the same melting point. But a 1:1 mixture of phenacetin with acetanilide
should melt at a considerably lower temperature over a much broader range.

The melting point of a compound can also give a rough indication of its
purity. If your compound melts over a narrow range (~2°C or less) at a tem-
perature close to the literature value, it is probably quite pure. If its melting
point range is broad and substantially lower than the literature value, it 1s
probably contaminated by water or other impurities.
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Key Concept: The solubilities of most
substances decrease as the temperature
is lowered.

Key Concept: Impurities lower the
melting point of a pure substance.
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Safety Notes

Observe and Note: How much
water was needed to dissolve it?
What happens as the solution
cools?

Waste Disposal: The filtrate may
be poured down the drain.

Stop and Think: Is your unknown
reasonably pure? If not, why not
and what should you do?

Exp.3
phenacetin
104g

m.p. 112-114°C
Cynthia Sizer
9-20-99

Structures and Properties

Table 3.1 Physical properties

M.W. m.p. Solubility, c.w. Solubility, b.w.

acetanilide 1352 114 0.54 5.0
phenacetin 1792 135 0.076 122

Note: Melting points are in °C; solubilities are in grams of solute per 100 mL of
cold water (c.w.) or boiling water (b.w.)

Directions

Purification. Recrystallize [OP-23] the unknown drug component from
Experiment 2 by boiling it [OP-6] with just enough distilled water to dis-
solve it completely, then letting it cool slowly to room temperature. If neces-
sary, induce crystallization by scratching the sides of the flask with a stirring
rod. Then cool the flask further in ice water to increase the yield of product.
Collect the solid by vacuum filtration, washing it with a small amount of
cold water. Dry the product [OP-21] to constant mass and weigh it [OP-4] in
a tared vial.

Analysis. Grind a small amount of the purified, dry unknown component
to a fine powder on a watch glass using a spatula or a flat-bottomed stirring
rod. Divide the solid into three equal portions and prepare 1:1 mixtures by
grinding one portion with a nearly equal amount of acetanilide and a sec-
ond portion with a nearly equal amount of phenacetin. Measure the melting
point ranges [OP-28] for (1) the purified unknown, (2) the mixture with
acetanilide, and (3) the mixture with phenacetin. In each case, record the
temperature at which you see the first trace of liquid and the temperature at
which the sample is completely liquid. Unless your instructor indicates
otherwise, you should carry out at least two measurements with each of
these. Turn in the remaining product to your instructor in a vial labeled as
illustrated in the margin (or as directed by your instructor).

Report. Your instructor may ask you to write up your results as if you
were submitting them to Les Payne from the Association for Safe
Pharmaceuticals. State the problem you attempted to solve in this experi-
ment and state your initial hypothesis. Summarize and interpret the rele-
vant evidence. Tell whether your hypothesis changed when it was tested and
if so, why. State your final conclusion and tell how it is supported by the evi-
dence. Calculate the percentage of the starting material that you recovered
after crystallization and try to account for any significant losses (see
Exercise 1).
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Exercises

1 (a) How much boiling water is needed to dissolve 1.15 g of
phenacetin (see Table 3.1)? (b) About how much phenacetin will
remain dissolved when the water is cooled to room temperature?
(c) Calculate the maximum mass of solid (undissolved) phenacetin
that can be recovered when the cooled solution is filtered.

2 An unknown compound X is one of the four compounds listed in
Table 3.2. A mixture of X with benzoic acid melts at 89°C, a mixture
of X with phenyl succinate melts at 120°C, and a mixture of X with
m-aminophenol melts at 102°C. Give the identity of X and explain
your reasoning.

Table 3.2 Melting points for Exercise 2

Compound m.p., °C
o-toluic acid 102
benzoic acid 121
phenyl succinate 121
m-aminophenol 122

3 Tell whether each of the following experimental errors will raise or
lower the amount of product you recover, and why. (a) You failed to
dry the product completely. (b) You used enough water to recrystallize
phenacetin but your unknown was acetanilide. (c) In Experiment 2
you didn’t extract all of the aspirin from the dichloromethane solution.

4 Tell whether each of the experimental errors in Exercise 3 will affect
the melting point of the unknown component. If it will, tell how it
will affect the melting point and why.

5 Using one or more of the reference books listed in Appendix VII,
give the following information about the analgesic drug ibuprofen:
chemical names, molecular weight, molecular formula, structural for-
mula, melting point, and a suitable recrystallization solvent.

6 Locate citations for one or more journal articles that give procedures
for preparing (a) aspirin and (b) propoxyphene (Darvon). Give the
full name of each journal, the volume number, the page number(s),
and the year.

Other Things You Can Do

(Starred items require your instructor’s permission.)

*1 Purify an unknown solid by recrystallization as described in Minilab 3.
*2 Carry out the purification and melting-point analysis of an
acetanilide-salicylic acid mixture as described in J. Chem. Educ. 1989,
66, 1063 or as directed by your instructor.
3 Calibrate your thermometer by measuring the melting points of
compounds listed in Table F1 of OP-28.
4 Look up the properties of a common organic compound in at least
five different reference books and compare the kind of information
provided by each.




(Adapted from John W. Lehman, Operational Organic Chemistry, A Problem-Solving 

Approach to the Laboratory Course, Prentice Hall, 1999.)
