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Course Contents

Exp.# Experiment Name Week Date

0 Completion of course addition and withdrawal 1 9/10 —14/13

1 Basic Laboratory Operations 2 16/ 10 —20/10

2 Identification of a Compound: Physical Properties 3 23/10-27/10

3 Identification of Compounds: Chemical Properties 4 30/10-3/11

4 Limiting Reactant 5 6/11-10/11

5 Acids and Bases 6 13/11-17/11

6 Antacid Analysis 7 20/11—-24/11

7 Recrystallization 8 27/11-1/12

8 Preparation of Aspirin 9 4/12 - 8/12

9 Functional groups (I): Reactions of Alkanes, Alkenes 10 1121512
and Aromatics.

10 Eﬁgilﬁgfioum (II): Reactions of Aldehydes, Ketones 1 18/12 — 22/12

11 Christmas and New Year’s Holiday 12 25/12—-29/12
Discussion and Prep. for the Final Exam 13 2/1/2023 — 5/1/2023
Final Exam (January 9, 2023) 14 8/1/2023 — 12/1/2023

The End
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EXPERIMENT 6

Antacid Analysis

All antocids, os weck bases, reduce the ocidity of the stomoach.

* To determine the neutrabizing effectiveness per gram of a commercial antacid

OBJECTIVE

The following techniques are used i the Expenimental Proceduze

fey (& (& [3 F [R [

TECHNIQUES

Vanous commercial antacids clamm to be the “most effective” for relieving acid md:-
gesnon. All antacids, regardless of therr claims or effectivenasss, have one purpose—to
neutralize the excezs hydrogen ion i the stomach to relieve acid mdigestion.

The pH of the “gastnic juice” m the stomach ranges from 1.0 to 2.0. Thus acid, pn-
manly hydrochlonic acid, 1s necessary for the digestion of foods. Acid is continually
secreted whale eating: consequently, overeating may lead to an excess of stomach acid,
leading to acid indigestion and a pH less than 1. An excess of acid can, on occasion,
cause an uritation of the stomach linmng, particulacly the upper imtestinal tract, causing
“heartbtrn.” An antacid reacts with the hydronium son to relieve the symptoms. Exces-
sive use of antacids can cause the stomach to have a pH greater than 2 which stimu.
lates the stomach to excrete additional acid, 2 potentially dangerous condition

The most common bases used for over-the-counter antacids are:

ahumiman hydroxide, AI(OH), magnesium hydroxide, Mg(OH).
caletum carbonate, CaCO, sodium bicarbonate, NaHCO,
magneasium carbomate, MgCO, potassium bicarbonate, KHCO,

Milk of magnesia (Figure 17.1), an aqueous suspension of magnesium hydroxide,
Mgz(OH),, and sodium bicarbonate, NaHCO,, commonly called bakang soda, are um-
ple antacids (and thus, bases) that neutrahze hydronnum jon, H,0":

Mg(OH)(:) + 2 H,0(ag) — Mg** (ag) + 4 H,O() 171
NaHCOy(ag) + H,0"(ag) — Na"(ag) + CO,(g) + 2 H;O() (17.2)

The release of carbon diox:de gas from the action of sodium bicarbonate on
hydronium 1on (Equation 17.2) causes one to “belch ™

To decrease the possibility of the stomach becommg too basic from the antacid,

buffers are often added as pat of the formulanon of some antacids. The more com-
mon, “faster relief” commercial antacids that buffer the pH of the stomach are those
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Table 17.1 Common Antacids

Principal Active Ingredient(s) Formmlation Conumercial Antacid
CaCO, Tahblet Tums®. Timalac®. Chooz®, Maalox®
CaC0,. Mg(0H), Tahlet Rolaids®, Di-Gel®. Mylant@a®
MgC0,. ANOH), Tahlet Gaviscon® Exira Strength

Me(0H]),. ALDH), Tahlet Gelasil®, Tempo®

NaHCO,, ciric acid. aspirin Tahlet Alla-Selizer®

Me(0H]), Tahblet Phillips"® Milk of Magnesia
Me(0H}, Liguid Phillips ® Milk of Magnesia
Me(0H},. ALDH), Liguid Maalox®, Mylanta#® Extra Strength
Mel0,. ANOH), Liguid Gaviscon® Exra Smength

containing caleium carbonate, CaC0;, andfor sodivm bicarbonate. A HCO, /CO;"~
buffer system’ is established in the stomach with these antacids.

CG;E_(@} + H,0" {ag) — HCO, (ag) + H.O(N (17.3)
HCO3 (ag) + HyO™(ag) — CO4(g) + 2 H,O(D) 174

Rolaids® 15 an antacid that consists of a combmation of Mz{0OH); and Cal0; m a
mass ratio of 1:5, thus providmg the effectreness of the hydroxde base and the car-
bonate/bicarbonate buffer. Some of the more common over-the-counter antacids and
their major actre antacid mpredient(s) ars listed m Tabla 17.1.

In this experiment, the “nentralizing power” of several antacids 15 determined using
a strong acid—strong base tiration To obtam the quantitative data for the analysis,
which requires a well-defined endpoint in the titration, the buffer action 15 elmumated.

The buffening component of the antacid 15 eliminated when an excess of standard-
ized hydrochloric acid, HCL 15 added to the antarid solution; this addition drves the
HCO, /00, reactions in Equations 17.3 and 17.4 far to the right. The solution is
then heated to remove carbon dioxide. At this pomnt all moles of base n the antacid
(whether or not a buffer 1s present) have reacted with the standardized HC] solution.

The wmreacted HC 15 then titrated with a standardized sodium hydroxide, NaOH,
solution.® This analytical teclmique is referred to as a back titration.

The mimber of moles of base m the antacid of the commercial sample plus the
pumber of moles of NaOH used in the titration equals the mumber of moles of HCI
added to the original antacid sample:

M08t weca + T0le5y, o = molesyy (17.5)

A rearrangement of the equation provides the moles of base m the antacid i the
sample:

m0let,. s = M0lesyy — moles, oy (17.6)

The moles of base m the antacid per gram of antacid provide the data required for
a comparison of the antacid effectiveness of commercial antacids. If purchase prices
for the antacids are available, a final cost analysis of vanous antacids can be made.

EXPERIMENTAL
FPROCEDURE

214 Antacid Analysis
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Procedure Overview: The amount of base m an antacid sample 15 determined. The
sample 15 dissolved, and the buffer components of the antacid are elminated with the
addition of an excess of standardized HCI solution. The unreacted HCI 15 back titrated
with a standardized NaOH solution.

"4 bulfer system resists large changes in the oeidity of o solufion. To analyze for the amount of
artacid in this experiment, we want S remove this buffering property fo determine the fobl effective-
niess of the anbacid.

*A standordized MoOH solufion is one in which the concentration of NaOH hos been very cansfully
determined.
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At least two analyses should be completed per antacid if two antacids are to be

analyzed to compare their neutralizing powers. If only one antacid 15 to be analyzed,
complete three trials.

1

[

Determine the Mass of Antacid for Analysis. If your antacid 1s a tablet, pulver-
ize and/or grind the antacid tablet with a mortar and pestle. Measure and record
the mass (=0.001 g) of a 250-mL Erlenmeyer flask. Add no more than 0.2 g of the
pulverized commercial antacid (or 0.2 g of a iquid antacid) to the flask and mea-
sure and record the combined mass (£0.001 g).

. Prepare the Antacid for Analysis. Pipet 25.0 mL of a standardized 0.1 M HC1

solution (stomach acid equivalent) into the flask and swirl.? Record the actual
molar concentration of the HCI on the Report Sheet. Warm the solution to a very
gentle boil and maintam the heat for 1 minute to remove dissoled CO, .. . usmga
hot plate (Figure 17.2a) or a direct flame and a gentle swirl (Figure 17.2b). Add
4-8 drops of bromophenol blue indicator.” If the solution is blue, pipet an addi-
tional 10.0 mL of 0.1 M HCI mto the solution and boil again. Repeat as often as
necessary. Record the roral volume of HCI that 15 added to the antacid.

A. Dissolving the Antacid

Obtain about 75 mL of a standardized 0.1 M NaOH solution. The solution may have
been previously prepared by the stockroom personnel. If not, prepare a standardized
0.1 M NaOH solution, as described in Experiment 9. Consult with your laboratory
mstructor.

1

Prepare the Buret for Titration. Prepare a clean buret Rmse the clean buret
with two 3- to 5-mL portions of the standardized NaOH solution and drain
through the buret tip. Record the actual molar concentration of the NaOH on the
Report Sheet. Fill the buret with the NaOH solution: be sure no air bubbles are in
the buret tip. Wait for 10-15 seconds, then read and record its mitial volume,
“usmg all certain digits p/us one uncertain dizit.”

Figure 17.2 Gently heat the sample to remove CO; gas.

3 the sample is a kablet, swirl to dissolve. Some of the inert ingredients—fillers and binding ogents
used in the formulasion of the antocid toblet—may not dissolve.

blue is yellow of @ pH less than 3.0 and blue ot a pH greater than 4.6.

Professor Dr. Arab Qaseer

B. Analyzing the Antacid

Reod Technique 16¢ dlosely

Reod the buret fo the corract number
of significant figures
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Titrate the Sample. Once the antacid solution has cooled, titrate the sample with
the NaOH solution to a faint blue endpoint. Watch closely; the endpoint may
appear after culy a fer nulliliters of titrant, depending on the concentration of the
antacid m the sample. When 2 single drop (or half-drop) of NaOH solution
changes the sample solution from yellow to blue, stop. Wait for 10-15 seconds
and then read and record the final volume of NaOH solution in the buret.

. Repeat the Titration of the Same Antacid. Refill the buret and repeat the expen-

ment, starting at Part A1,

. Analyze Another Antacid. Perform the expeniment m duplicate, for another

antacid. Record all data on the Report Sheet.

Disposal: Dispose of the test solutions as directed by your instructor.

CLEANUP: Discard the remammg NaOH ntrant as directed by your mstructor.
Flush the buret several times with tap water and dispense through the buret tip, fol-
lowed by several portions of detonized water. Dispose of all buret washmgs m the
sink.

C. Calculations

216 Antocid Analysis
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WV ode W e

. Deternune the mumber of moles of HCl added to the antacid sample.
. How many moles of NaOH titrant were requured to neutralize the unreacred acid?

Caleulate the number of moles of base in the antacid sample.

. Caleulate the number of moles of base mn the antacid sample per grom of sample.
. (Optional) If the store-bought antacid and ity purchase price are available, calcu-

late 1ts cont per gram Complete a cost analysis—determune the best buy!
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EXPERIMENT 6 prelaboratory Assignment

Antacid Analysis
Date ________ lob Sec. Name Desk No.
1. Write balanced equations for the reactions of the active ingredients i Gaviscon® Extra Strength with excess acid See

Table17.1.

"~

. Identify the two most conunon anions present in antacids.

3. If the antacad for analysis (Part A 2) 1s known to be Phullips'® Milk of Magnesa, the solution does not need to be
beated, but if the sample 15 Maalox®, the solution must be heated. Explamn the difference m expenmental procedures.

4. 2 How much ime should be allowed for the titrant to dram from the buret wall before a readmg 15 made” [“E
b. What cnitenion 1s followed m reading and recording the volume of titrant of a buret? Hj

¢. Bromophenol blue is the indicator used in detecting the endpoint for the antacid analysis in this expenment. What
14 the expected color change at the endpont?

EXPERIMENT 6 217

11/27/2022 Professor Dr. Arab Qaseer



5. A 0.187-g sample of a C0,"~ antacid is dissobed with 25.0 mL of 0.0984 M HCL The hydrochloric acid that is not
neutrahized by the antacid 15 titrated to a bromephenol blue endpoint with 5.35 mL of 0.0911 M NaOH.
a. Assuming the active mgredient m the antacid sample 15 CaC0y, caleulate the mass of CaCO; in the sampla.

b. What is the percent active ingredient in the antacid sampla?

6. a. How many moles of stomach acid would be neutralized by one tablet of Regular Strength Maalox® that contains
600 mg of calerum carbonate?

b. Assuming the volume of the stomach to be 1.0 L, what will be the pH change of the stomach acid resulting from the
ingestion of one Regular Strength Maalox® tablet?

7. One tablet of Regular Strength Maalox® claims to contam 600 mg CaCO;. If 7.25 mL of 0.100 M NaOH titrant is used
to back titrate the excess 0.100 M HCI from the analysis of one-third of a Maalox® tablet, how many milliliters of
0.100 M HCI must have been mitially added to the 200 mg of Maalox® sampla?

218 Antacid Analysis
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EXPERIMENT
7 Recrystallization:
Purification of Crystalline
Organic Compounds

Impure erystalline substances can be purified by recrystallization from a suitable solvent. This
process depends on two facts: Most compounds are more soluble in bot solvents than i cold
ones, and impurities have solubilities different from those of the desired compound. The
procedure imvoelves (1) dissolving the impure material in a minimum amount of boiling solvent,
{2) filering the hot solution o remove insoluble impurities, (3) allowing the solution 1o cool
slowly to deposit crystals of the compound, (4) filtering the erystals from the solution (called the
mather lguor), (5} washing the crystals with a little cold solvent to remove the mother liguor,
and (&) drying the crystals to remove the last races of solvent.

This experiment illusirates recrystallization {a) from a single solvent (water) and {b) from a
mixed solvent (ethanol-water).

1 General Principles

If recrystallization is o be effective, the solvent must be properly selected. A good
recrystallization solvent should (1) dissolve a moderate quantity of the substance being purified
at an elevated lemperature, but only a small quantity at low temperamre, (2] ot react with the
substance being purified, (3) dissolve impurities readily at a low temperatune or not dissolve
theemm at all, and (4) be readily removable from the purified product. This last requirensent
uzually means that the solvent should have a fairdy low boiling point and evaporate readily. Ifa
single solvent cannot be found that meets all these requiremenis, a mixmre of two solvents may
be used.

Solvents suitable for recrystallizing a known compound ane usually reported in the chemical
literarure. If none is reponed, or if the substance is a new compound, several solvents can be
tested in the following way. Place about 10 mg {a small spatala tipful ) of the substance to be
purified in each of several small test tubes, and add about 025 mL of a different solvent o each.
Then observe the solubility of the sample in each solvent, when cold and when beated. Also
note whiether abundant, well-formed crystals are produced as the hot solution cools.

Cauntion Since many recrystallization solvents are flammable, do not wse Bunsen bumers to beat solutions
unbess your instrucior indicates that you should do so. If you must wse an open flame to heat a
flammable solvent, follew your instroctor's directions closely.

& oyl 10 omga Lo g, 'l @iy e vl Dy b e, e, o ks aled, om0 o par L o ok 105 I i o b,
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12 Experiment 2 Recrystallization: Purification of Crystalline Organic Compounds

slifring rod 1o guide
guid ik furinel

Figure 2.1 Fillration of 2
hot solution using fubed
filler paper.

To obtain a good recovery of purified material, it is best b avoid using unnecessarily
large volumes of solvent. Dissolving the substance in the smallest possible amount of hot
solvent minimizes the amount of material lost by retention in the mother liquors. In practice,
3—5% more solvent than the minimum required is used so that the hot solution will be not
quite sapurated. This helps o prevent separation of the crystals and clogging of the filer
paper during filiration of the hot solution

Traces of coloring matter or resinous impurities can sometimes be removed with
selective adsorbents, such as finely divided charcoal (Morit, Darco). To do this, add a small
amount of decolorizing charcoal to the warm® solution before filtering it Avoid using excess
decolorizing agent, however, because it may also adsorb appreciable amounts of the
substance being purified.

Some substances readily form supersaturated solutions, and crystallization may not
occur spontancously when the hot solution is cooled. In such situations, it is sometimes
possible to initiate crystallization by scratching the walls of the vessel beneath the surface of
the solution with a stirring rod. Though the effect of seratching the inside walls of the vessel
in inducing erystallization is not well understood, two possible explanation are: (a) the fine
glass particles produced through such scratching may set as nuclei on which erystallization
may begin, or more likely, (by small amounts of the solution drasm onto the sides of the
vessel during scratching evaporate to produce dry solutes that are pushed back into the
solution. These finely divided solute particles act as nueled for erystallization w start. The
best way 1o induce erystallization is to “seed™ the cold solution with one or two crystals of
the substance being purified. Although some compounds crystallize readily, others may
separate from solution as odls, and it may take some time before they crystallize.

1 Apparatus for Hot Filtration and Vacuum Filtration

To remove insoluble impurities and decolorizing charcoal, it is necessary to filter the solution
while it is hot. Otherwise, when the solation cools, crystals deposit prematurely. Rapid
filtration can be accomplished by using fluted filter paper (paper folded with many pleats to
give a large surface, Figure 2.1) or by using a vacuum to increase the filiration rate. Vacuum

*Do ot add decolorizing chareral to a hot solution. [ a solution is at or mear its boiling point, the
addition of finely divided charcoal (which acts as thousands of boiling chips) will cause mpid boil over.

Cagry gl 2010 g | A 't il nn dphee ahed, o mbads w0 ot (e e ok g e B i o haplonsl
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Recrystallization: Purification of Crystalline Organic Comgrounds 13

wvacum firation.

filtration is generally used to remove soluble impurities and solvent from the erystals of the
purified substance. Figure 2.2 shows the apparatus for vacoum filiration. A Bichner or a
Hirach funnel is fitted to a filter flask with a tight-fining rubber stopper. A disce of filter paper
just large enough 1o cover all the holes in the funnel iz placed in the funnel and moistened
with some of the solvent used in the reerystallization. The filter flask is then connected to the
aspirator by thick-walled rabber tubing throwgh a water trap, and vacuum is applied. When
the filter paper is deawn tightly to the funnel, the solution and crystals are transferred to the
funsiel. The solution passes throwsh the paper, while the crystals deposit on the paper.

3 Reflux Apparatus

Figure 2.2 Apparatus for

Syl 1S ey Lemmang. 5
i i

It is sometimes necessary 1o beat a substance in a solvent for a long time without boiling
away the solvent. This can be done by attaching a vertical condenser to the flask containing
the bodling solution (Figure 2.3). The solvent vapor, upon cooling, condenses and returns as a
liguid to the boiling solution. This process of continuous boiling, vaporization, cooling, and
peturn of condensate is called refluxing. In recrystallizing, it is sometifmes necessary 1o use a
reflux apparatus to oblain a solution of the material to be purified because the dissolution
process may be slow. We also use the reflux technigque when recrystallizing Large samples
from volatile, flammable solvents (a sand, steam, or odl bath or an electric mantle is
employed as the source of heat).

i o, i dmplicatd, i bk i . i o e, e s [ ——
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14 Experiment 2 Recrystallization: Purification of Crystalline Organic Compounds

——

Figure 2.3 8 Apparatus i b Figure 23 b Apparabus for

for racroscaks reactions microscals reaclions of
reguiring refus. . T 'y recryslalizations requiring refus.
Temp. Stir

4 Recrystallization of Acetanilide

In this experiment a sample of impure scetanilide will be recrystallized from water. Pure
acetanilide recrystallizes out as white leaflets from water. You will weigh the crude sample
and the pure product and determine the melting point before and after recrystallization 1o
illusirate the efficiency of the process.

Caution Boiling water and steam can canse severe burns. Be very careful when handling vessels that
contain hot water.

Macroscale Weigh out a 1.5-g sample of impure acetanilide and use a few milligrams to determine the
melting point. Record the melting point on the report sheet. Place the rest of the acetanilide in
a 100-mL round-bottomed flask, connect ths flask to a reflux condenser (Figure 2.3 a), and
start a slow stream of water through the jacket of the condenser. Add 35 mL of water to the
flask through the top of the condenser, and bring the water 1o a boil by heating with a mantle.
Adjust the manile temperatore so that the water refluxes steadily. Continuwe to heat until no
miore solid appears o dissolve. Then remove the heat source, allow the flask to cool a few
moments after reflux stops to avosd boil over, remove the condenser momentarily, and add a
amall amount (abouat 0.2 ) of decoborizing charcoal to the contents of the flask (see footnote,
p- 12} Replace the condenser and heat the solution at reflux for an additional 5 min.

[ T e p———T Sy P S [ STy S P e SO L SRS S S e, ——
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Experiment 2 Recrystallization: Purification of Crystalline Organic Compounds 15

Meanwhibe, set up the apparatos showm in Figure 2.1, using fasi-flow fluted filier paper
and a 125-mL Erlenmeyer flask as the receiver. Pour 15-20 mL of boiling water through the
funnel to warm it and 1o wet the filter paper. Discard this water.

Remowve the condenser and, using the clamp as a handle, filter the hot acetanilide
solution without delay. If particles of charcoal pass through the filter paper, return the filtrate
o the round-bottomed flask, heat the solution to boiling, and filter it xgain through the same
piece of filter paper.

As the filtrate cools, crystals will begin to form immediately. Place the Erdenmeyer flask
in @ pan of ice to complete the crystallization. Meanwhile, set up the vacuum-filtration
apparatus shown in Figure 2.2, using a 125-mL filter flask. Set a picce of filier paper in place,
connect the flask o the aspirator, and twrn it on. Powr 15-20 mL of cold water through the
funnel to wet the filier paper. Discard this water. Reconnect the flask to the aspirator.

‘When crystallization is complete, collect the erystals by vacuum filiration. Rinse the
crystals (with the vacuum on) with a few milliliters of ice-cold water. Use a clean spatula to
press the crystals as dry as possible on the fusnel. Then transfer the erystals o a piece of
clean, white paper, spread them in a thin layer, and cover the crystals with a watch glass.
Store them in your locker for drying until the next laboratory period.

‘Weigh the dried product and determine its melting point. Calculate the percentage
recovery of pure material * Turn in the parified acetanilide to your instructor with your
report.

Microscale Oibiain a small sample of impure acetanilide in a melting point capillary to determine the
milting point range. Record the melting point range on the report sheet. Weigh out a 100-mg
sample of impure acetanilide and place it ina § mL conical vial. Add 3 mL of water and a
boiling stone®*® o the vial, place the vial on an aluminom block, artach a condenser {Figune
23 b), and heat the vial w bring the water to a boil_

Dwiring this time, et up a vacuum filiration apparatus (Figure 2 2) with a Hirsch funnel
and a 10-mL filter flask.

Continwe to heat the solution until no more solid appears o dissolve. Then remove the
hiat sowrce and allow the vial to cool for abowt 30 s after reflux stops. Add a small amount
(about 10 me of one microapatala tipful) of decolorizing charcoal to the contents of the vial.
Hezat the vial for an additional 2 min. Use this ime to wet the filier paper and apply vacuum
tio the filiration set-up made earlier.

Carefully and quickly remove the heat source and disassemble the reflux set-up so that
thie hot contents of the conical vial does not spill nor unduly cool. Filier the acetanilide
solution without delay making sure that particles of charcoal do not pass through the filter
paper.*** Transfer the filirate into a 10 mL Erlenmeyer flask. If erystallization occurs during
the transfer, wse minimum amounts of hot water (not more than 1-1.5 mL) o wash the
crystals into the Erlenmeyer flask and carefully heat the Edenmeyer flask to redissolve the
precipitate. Cool the Erlenmeyer flask to room temperature or even in a small beaker of ice w
complete the crystallization.

Collect the crystals by vacuum filiration, using a Hirsch funnel. Rinse the crystals (with
thie vacuum on) with three 0.5-mL portions of ice-cold water. Use a clean microspatula to
press the crystals as dry as possible on the funsel. Then transfer the erystals o a clean pisee
of filter paper, cover them with a small beaker, and allow them to air-dry in your drawer until

rams of purificd product
* The percentage recovery is calculated as follows: grams of crode sample % 100 =% recovery.
The value should be less than 1094, If it is greater, your recrystallized material i wet or impure.
** The boaling stome (also known as a botlmg chip or 2 Boileezer) is an mert material with small pores
that provide siles whene bubbles can form, thus inducing even boiling.
**& Usc only the comect size filter paper that completely covers the mside of the Hirsch funnel.
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16 Experiment 2 Riecrystallization: Purification of Crystalling Organic Compounds

the next lab period. (Allernatively, the product may be dried for 20 min in a vacuum oven at
B0FC, Transfer the crystals to a seall (10 % 75 mm) weighed test mbe, fshion a foil cap for
the tube, and make several punciure holes in the cap before placing the wbe in the oven.
Alloww the mibe and contents o cool to room temperature before weighing. ) Weigh the
recrysiallized product and determine the melting point range of the purified compound.
Report the melting point range and the percentage recovery.

Waste Discard your used melting point tubes in the waste-glass container provided by your

Diisparsal instructor. Place organic solids recovered on filter paper in a solid-waste container provaded
by your instructor. Pour the agqueous mother liquor solutions into an aqueous-waste bottle
provided by your instructor,

5  Hecrystallization of p-Dibromobenzene

This part of the experiment illustrates the technigue of using a mixed solvent for
recrysiallization. p-Dibromobenzene is soluble in cold as well as hot ethanol. Therefore,
ethanol alone is mot a good recrysiallization solvent fior this substance. On the other hand, the
compound has a very low solubility in hot or cold water. Therefore, water alone is also
unsatisfactory as a recrystallization solvent for this substance. But because ethanol and water
are miscible, it is possible to find a mixture of the two solvents in which p-dibromobenzene
is soduble when hot bat relatively insoluble when cold.

This experiment is also designed to acquaint you with the type of small-scale
recrysiallization that is commonly used fo purify products you will prepare i later
experiments in this manual.

Macroscale Weigh out 1 g of impure p-dibromobenzene and use a few milligrams to determine the
Procedure melting point range. Transfer the solid to a 25-mL Erlenmeyer flask, add 3 mL of ethanol,
and heat te mixiure on a steam bath.

Caution Ethanol is flammable; do not use an open flame a5 a heat source in this recrystallization.

Swirl or stir the sohstion wntil the solid dissolves. If any undissolved solid remains after
several minutes of heating, filter the hot solution wsing fluted filter paper, a small stemless
funmel, and a small Erlenmeyer flask. If, however, the solid dissolves completely, add water
in (L5-mL ponions to the hot solution wntil it becomes cloudy or just fails to clear when
stirmed. Then add a little ethanol (0.5 mL or less) until the urdbidity just disappears. If
filtration is necessary, treat the hot filtrate with water and ethamol as just describsed.

Ciool the flask in & pan of ice water for several minstes, and then collect the crystals by
vacuum filration (Figure 2.2). Rinse the crystals on the filter (with the vacuwm off) with a
fiew milliliters of ice-cold 5030 ethanol-water. Stir the contents on the funnel {carefully) for
just a few seconds; then mern the vacuum on. Repeat this operation unti] 2 white produet is
obtained or until most of the orange impaurity is removed. Allow the pure crystals to air-dry
o the filter (with the vacuam on) for a few minutes, and then transfer them to a clean sheet
of filter paper for final drying. *After the crystals are dry, weigh the product, determine its
melting point and the percentage recovery, and turn in the labeled sample to your instractor.

*p=lRibromobenzene sublimes if left at room temperature foo long.
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Experiment 2 Recrystallization: Purification of Crystalline Organic Compounds 17

Craig tube crystals
babiorm
Craig ube lop
) {teflan)
wing
cerilrifuge lubse
- Craig tube lop
F 2.4 Useaol
Solvent Fure

the Craig ube in
reerystali zalion.

Microscale Oibtain a small sample of impurne p-dibromobenzene in a melting point capillary, determine

Procedure the melting point range, and record it on the report sheet. Weigh out 50 mg of impure p-
dibromobenzene and place the sample in a 10 x 75-mm test twbe. Add 0.3 mL of ethanol and
heat the mixture in a sand bath. Stir the solution with a microspatula until the solid dissolves.
Transfer the hot solution with 3 Pasteur filter pipet® (thiz will remove any undizssolved
marter) to the bottom section of a weighed 1-mL Craig tube. Add hot water dropwise 1o the
hot solution until it becomes cloudy or just fails to clear when stirred. Then add hot ethanol
dropwise until the mrbidity just disappears.

Place the top on the Craig tube, stand it in a seall beaker, and allow it to cool to room
temperature. Mext place the Craig tube in a small beaker of ice water for a few minutes to
ensure complete crystallization. Then remove the solvent by araching a wire hanger to the
stem of the Craig tube top, lowering a centrifage tube over the top of the Craig tube until it
fits smugly with the wire hanging out, inverting this assembly into a centrifuge, and
centrifuging for 2-3 min (Figure 2.4).** The mother liguor will slip out between the loosely
firted top and bottom sections of the Craig tbe, and the crystals will remain in the be. The
wire hanger allows the Craig tube to be retrieved easily from the centrifuge ube.

After removing it from the centrifuge, disassemble the Craig tube and scrape any
crystals that cling to the upper section into the lower section. Wrap a piece of filter paper
over the open end and allow the recrystallized product to air dry. (Alematively, dry the Craig
ube and contents in a vacuum oven at 60°C for 20 min. Be sure to place a small wedge of
paper between the top and bottom halves of the Craig tube so that the whe can be evacuated.)

A Pastewr filler pipet is constructed by taking a very small piece of cotton {about the size of a small
grain of rice)) and placing it inm the large end of a standard Pasteur pipet. The cotton is tapped down to
the drawn part of the pipet. A wire is used o push the cotton down until it forms a 2=3=mm plag that is
flush with the end of the capillary. The plug should be koose enough so that it dors not become wedged
before reaching the end of the capillary. If the pleg is too tightly wedged at the end. the pipet will not
draw well.

**Craig tubes are fragile. They should be carried and stored in small beakers or Edenmeyer flasks io
avoid accidental breakage. Care should be taken 1o balance the centrifisge (pairs of students can put
their Craig tubes in opposite slots, or a centrifisge tube containing water can be used as a balance]). A
high=speed centrifuge should ot be wsed.

= i e e, o w2 e e L b sl 1y b e
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18 Experiment 2 Recrystallization: Purification of Crystalline Organic Compounds

Weigh the assembled Craig tube and contents, and determine the perceniage recovery.
Deetermine the meliing point of the recrystallized product. Transfier the sample to a small
labeled test mbe and tarm it in 1o your instroctoe.

Lab Instructor Date,

PRELAB EXERCISE EXPERIMENT 7

Recrystallization: Purification of Crystalline
Organic Compounds
Consider the following statement to answer questhons 1 and 2

Recrystallization of an impure solid st be corried out asing o mivimnm amount of the reguired solveniiz) ar
o near s boiling poinr,

I.  Why is it necessary o use only a minimuom amownst of the required solvent for recrystallization?

2 Why is it necessary to camry oul the recrystallization at or near the boiling point of the solvent used?

1. How are insoluble impurities removed during recrystallization?

4. What purpose does the addition of finely divided charcoal serve during the recrystallization of impure

solids?

19
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Experiment 8

Aspirin is o leading ¢ cial pain reli

Aspirin Synthesis
and Analysis

, first synthesized in o pure ond

stable form by Felix Hoffman in 1897.

* To synthesize aspmn
* To determine the punty of the synthesized aspinn or a commercial aspinn tablet

OBJECTIVES

The following techmques are used in the Expennmental Procedure

TECHNIQUES

ke (& [ (S [F (3 5 (2 [ [T

Pure aspinn chemucally called acetylsalieylie acid, 1s both an orgamic ester and an
organic acid. It 15 used extensrely as a pamialler (analgesic) and as a fever-reducing
drug (antipyretic). When mgested, acetylsalicylic acid remains mtact m the acidic
stomach, but in the basic medium of the upper mtestmal tract, it forms the salicylate
and acetate 1oms.

oJ\ca,
(x«ﬂm acid) salicylate ioa acetate joa

The anmalgesic action of aspirm 1s undoubtedly due to the salicylate 1om; however, its
additional physiological effects and biochemical reactions are still not thoroughly
understood. It 15 known that salicylic acid bas the same therapeutic effects as aspirm:
bowever, due m part to the fact that it 1s an acid, salicyhic acid causes a more severe
upset stomach than does aspinm,

Aspirin (meolar mass of 180.2 g/wol) is prepased by reacting salicylic acid (molar
mass of 138.1 g/mol) with acetic anhydnde (molar mass of 102.1 g/mol). Aspmnn, like
many other organic acids, 14 2 weak monoprotic acid.

INTRODUCTION

o
1

Enu:o"\o/gmnm' of atoms
in a molecule
i

Orgeonic ocid; ¢ ’c\o’”m
of ctoma in @ molecule

o

]
o

OH

salicyl acid
Monop ocid: 0 molecule thot
provides one proton for newtralizotion

EXPERIMENT 8 231
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Phanalphthalein: an acid-beose
indicafor that is colorless of o pH less
than 8.2 ond pink af a pH greater
than 10.0

Qualitatrrely, the punity of an aspirin sample can be determined from its melting
point. The melting pomt of a substance 15 essentially mdependent of atmosphenic pres-
sure, but it 15 always lowerad by the presence of mpunties (3 colligative property of
pure substances; see Experiment 14). The degree of lowermg of the melting pomnt
depends on the nature and the concentration of the mmpurities.

Quantitatively, the punity of an aspirin sample can be determined by a simple
actd—base titration. The acetylsalieyhe acid reacts with hydroxide 1on, from a standard-
1zed sodmm hydroxide soluton, accordimgly.

(r\cr R O’Y‘ + Hy0 199
O‘J\CHa, GH3

A standardized NaOH solubon titrates the acetylsalieyhe acid to the phenolph-
thalein endpomt, where

volume of NaOH (L) ¥ molar concentration of NaOH (mol/L) = mel NaOH (19.4)

Accordmg to Equation 19 3, one mele of OH™ reacts with one mole of acetylsali-
cylic acid; thus, the moles and mass of acetylsalicylic acid in the prepared sample are
calculated. Enowing the calculated mass of the acid and the measured mass of the
aspirin sample, the percent purity of the aspirin sample can be caleulated:

1802

mol acetylsalieylic acid X P £ g acetylsalicyhe acid (19.5)

_ g acetylsalieylic acid

" gaspirm sample
In Part C, the analysis for the percent acetylsalicylic acid in an aspinin sample can

be performed on the aspirin prepared in Part A or on a commercial aspinn tablet.

% 100 (18.6)

EXPERIMENTAL
PROCEDURE

Procedure Overview: Crystalline aspirn is synthesized and then purified by the
procedure of recrystalhzation. The melting pomt and the percent punty of the aspirn
are determined, the latter by titration with a standardized NaOH solution.

A, Preparation of Aspirin

= [ %
&

It 15 safest to prepare the aspirm in a fume hood. Set up a boilmg water bath in a 400-
ml beaker. Prepars about 100 ml of detomzed ice water. Also, set up an ice bath.

1. Mix the Starting Materials and Heat, Msasure about 2 g (+0.01 g) of salicylic
acid (Cantion: thiz iz g skin irritant) in a diy 125-mL Erlenmeyer flask. Cover the
erystals with 45 ml of acetic anhydnde. (Caution: dcstic anhydride iz a severe
gve irritant—avoid skin and eve contact.) Swirl the flask to wet the salieylic acid
crystals. Add 5 drops of cone H,30, (Caution: H,30; causes severe skin burnz.)
to the mixture and gently heat the flask in a boiling water bath (Figure 19.1") for
5-10 nunutes.

2. Cool to Crystallize the Aspirin. Remove the flask from the hot water bath and, to
the reacton mixture, add 10 ml of deionized ioe water to decompese any excess
acetic anhydnde Chill the solution 1 an 1ce bath until erystals of aspinn no longer
form, stiming occasionally to decompose residual acetic anbydnde. Jf an “oal”
appears instead of a solid, reheat the flask n the hot water bath until the oil disap-
pears and again cool.

"4 Bunzen flame may be swhasitded for the hot plate.

232 Aspirin Synthesis and Analysis
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1. Separate the Solid Aspirin from the Solution. 5et up a
vacim fltration apparatus and “tum it on.” Seal the flter

paper with water in the Biiclner funnel Decant the liquid 125-mL
onto the filter paper; munimize any transfer of the solid Erlenmeyer fiass
aspirin. Some aspirm, however, may be inadvertently trans- water kvl
ferred to the filter; that's O
4. Filter, Wash, and Transfer the Aspirin. Add 15 mL of
ice water to the flask swirl, chall briefly, and decant onto m;:um?
the filter. Repeat until the transfer of the erystals to the vae-
uum filter 15 complate; maintaim the vacuum to dry the crys-
tals as best possible. Wash the aspirm crystals on the filter
paper with 10 mL of ice water. Keep all of the filtrate until
the aspirin has been transferred to the flter.
If aspirm forms m the filtrate, transfer this filtrate and m:;“

aspirin to a beaker, chill in an ice bath, and vacim filter as
before, using a new piece of filter paper.

Disposal: Dispose of the “final” filrate as directed by
your laboratory instructor.

Figure 19.1 Boiling woter bath for the dissolution of
the ocetylsalicylic acid crystals.

3. Recrystallize the Aspirin. Transfar the crystals from the filter paper(s) to a 100- g a
ml beaker. Add repetitive small volumes of ethanel (&g, 3-mL volumes) to the E | f

aspirin until the crystals jusr dissobre (=20 mL is required). Warm the mixture in
a 60°C water bath (Cauntion: no flame, use a hot plate or a hot water bath). Pour 50
ml of ~60°C water mto the solution. If a solid forms, continue warming until the 136
sohid dissolves. ,;: !
Correr the beaker with a watchglass, remove it from the heat, and set it aside

to cool slowly to room temperature. Then sst the beaker m an ice bath. Beautiful
peedlelike erystals of acetylsalieyhe acid form.

6. How Much Did You Prepare? Vacuum filter the crystals on filter paper, the gy &
mass of which has been previously measured {#0.01 g). Wash the erystals | $
with two 10-mL volumes of ice water. Place the filter paper and aspirm sam- j

ple on a watchglass and allow them to air-dry. The time for air-drymg the
sample may require that it be left m your lab drawer until the next laboratory

period. 4

Determine the mass of the dry filter paper and sample. Dispose of the filtrate
as directed by your laboratory mstmctor.

7. Correct for Residual Selubility. The solubihty of acetylsalicylic acid 15 0.25 g
per 100 ml of water. Comectmg for this mherant loss of product due to the wash
water in Part A6, calculate the percent yield. i

E. What Do You Do with It? Don't use it for a headache! Place the sample in a
properly labeled test tube, stopper, and submit it along with your Report Sheet to
vour laboratory instructor at the conclusion of the axpariment.

The meltmg point of the aspirin sample can be determumed with either a commercial B. Melting Point of the
melting point apparatus {Figure 15.5) or with the apparatus shovwn in Figure 19.2 and  Aspirin Sample
described in Part B.1. Consult with your mstruetor.
1. Prepare the Sample. Fill a camllary meling point tube to a depth of 1 em with the
recrystalized aspimin prepared m Part A 6. See Figures 15.3 and 15 4. Attach the be
to a 360°C glass or digital thermometer with a rubber band (or band of rubber tubing).

Experiment 19 233
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e~
e
360 C glass or w0
digital themometer 5 e
i
Bz
£
Rubber band il
o tubing e

Bgparin
wnpke

Figure 19.2 Melting point
apparatus for aspirin.

Place the sample alongside the thermometer bulb (Figure 19.2) or
thermal sensor. As the melting point for aspimn 15 greater than 100°C,
a cooking ol must be used for the heating bath.

. Determine the Melting Point. 5/ovh and gently heat the o1l bath
at a rate of =~ 35°C per minute until the aspinn melts. (Caution: The
oil bath iz at a temperature greater than 100PC—do not touch!)
Cool the bath and aspirn to just below this approximate melting

200-mm point until the aspirin m the tube sohdifies; at a slower ~1°C per

tast tube minute rate, heat again unhl it melts; this 15 the melting pomt of

your prepared aspinm.
3. A Purity Check of the Sample. If the melting pomnt of vour pre-
pared aspirin sample is less than 130°C, repeat Part A5 to recrys-

Cooking tallize the sample for the purpose of mereasing its purity. After the
oll recrystallization, repeat Parts B.1 and B3,

4. Repeat the Melting Point Measurement. Azain cocl the bath
and aspirin to just below the melting pomt untl the aspirm n the
tube solidifies; at a 1°C per mimute rate, heat agam untl it melts.

[

>

4 Disposal: Ask your instructor about the proper disposal of the
cil. Be sure the ail is cool when handling it. Dispose of the
capillary tube in the “Waste Glass” container.

C. Percent
Acetylsalicylic
Acid in the

Aspirin Sample

-
by

sF
km

z
~gp

&

Three trials are to be completed in the analysis of the aspirn. Prepare three clean 125-
or 250-mL Erlenmeyer flasks and determine the mass of three aspirm samples whle
cocupying the balance. Obtain a 50-mL buret.

1

Prepare the Aspirin Sample for Analysis. dzzwming 100% purity of your aspinn
sampls, calenlate the mass of aspirm that requires 20 mL of 0.1 M NaOH to reach
the stoichiometric point. Show the calculation on the Report Sheet. On weighing
paper measure the caleulated mass (£0.001 g) of the aspirm you have just prepared
{or a erushed commercial aspirn tablet) and transfer it to the Hask Add 10 mL of
95% ethanol, followed by about 30 ml. of dmomzed water, and swirl to dissolre
the aspirin. Add 2 drops of phenolphthalein mdicator. Repeat for trals 2 and 3.

. Prepare the Buret for Titration. Prepare a clean buret, nnse, and fill 1t with a

standardized 0.1 M NaOH solution.® Be sure that ne air bubbles are present in the
buret tip. After 10~15 seconds, read and record the volume, and the acrral molar
concentration of the NaOH solution.

. Titrate the Sample. Slowly add the NaOH solution from the buret to the dis-

solved aspirin sample until the endpoint 15 reached. The endpoint m the titration
should be withm one-half drop of a faint pmk color. The eolor should persist for
30 seconds. Fead and record the final volume of WNaOH in the buret.

Disposal: Discard the test solution in the “Waste Acids” container or as
advised by your instructor.

CLEANUP: Discard the NaOH titramt into a properly labeled bottle; rmse the buret with
several 5-mL volumes of tap water, followed by two 5-mL vohumes of deionized water.

The Next Step

11/27/2022

The punty of an aspinn sample can alse be deternuned spectrophotometmically.
Rasearch the Internet for the procedure and refer to Experiment 35 for details.

“You may need ko prepane the 0.1 M MoOH solufion using the procedure in Experimend 9, or the
stockroom personnel may hove it already prepared.

234 Aspirin Synthesis and Analysis
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EXPERIMENT 8 Preloboratory Assignment
Aspirin Synthesis and Analysis

Date _______ lab Sec. Nome Desk No.

1. A 0.421-g sample of aspinn prepared in the laboratory 1s dissolved i 95% ethamol, diluted with water, and titrated to
the phenolphthalein endpomt with 17.3 ml of 0.114 M NaOH.
a. How many moles of acetylsalicyiic acid (molar mass = 180.2 g/mol) are present i the sample?

b. Calculate the percent punty of acetylsalicylic acid in the aspinn sample.

2. Expenmmental Procedure, Part A 1. In the experiment 2.00 g of salicylic acid (molar mass = 138.1 g/mol) reacts mith
an excess amount of acetic anhydnde. Calculate the theoretical yreld of acetylsabicyhic acid (molar mass = 180.2
g/mol) for this synthesis.

3. Expenimental Procedure, Part C.1. Determune the number of grams of acetylsalicylic acid that will react with 20.0 mL
of 0.100 M NaOH. Show caleulation bere and on the Report Sheet.

Expeciment § 235
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4. Experimental Procedure, Part A 5. What 1s the purpose of recrystallizing the aspirin?

5. Experimental Procedure, Part B.3. The meltng point of the prepared aspirin in this experiment will most likely be less
than (but not greater than) that of pure aspinn. Explain See Expenment 14.

6. Where and why i1s Techmque 14b used in this experiment? |-|. !
7. Describe the procedure for “seatmg” the filter paper in the fimnel for a vacuum fltration. @

8. Identify the five cautions cited in the Expermmental Procedure for this experiment.

236 Aspirin Synthesis and Analysis
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PEACTIONS OF THE FUNCTIONAL GROUPS I:
.ALKAN_-‘S ALKENES, AND AROMATICS

. . ¢ 1
T8anic compounds are divided into functional groups ‘Eor ;ne
¢ ' s

(@)
) I?bVious Feason that they have different chemical behavior.
Unctiona} group responds or fails to respond to certain classe: of
chemical T T Tltey vary from the reactive aldehydes to -he
relatively Unreactive alk.nes. In Experiments 6, 12, arnd 19, we shall
€Xamine the characterist.c chemical behavior of the main organi-
‘fun‘cti‘c'ﬁil‘éi’c‘au’b's'.’"' Exger.ment 17 (Organic Qualitative Analysis)
shows hew to use these reactions in differentiating between various
COmpounds in qualitative analysis.

7

Ia this experiment, the characteristic reactions of alkanes,
Alkanes are

alkenes, and aromaie hydrocarbons are examined.
Salurated hydsacarbons in which each carbon has a maximum numbear
of bonded atoms (four). All bonds are single bonds. Alkenes hawve one
f0re double bonds. Aromatic compounds include a variety of
Stabilized substances, of which benzene is the most common
me under suspicion as causing leu-

or
It is added along with xylene and

resonznce
BeC&USE'Denzene has recently co

Rermia. e will wee be used here.
toluene to high-octane gasolines. Ci
CH
3
! I /
—C—C— >C=
I ! . \
: Sy
Alkenes Benzene - Toluene p-Xylene
Aromatics

Alkanes
e 1
The [olldwing compounds will be used in most of the tests

described in the procedures.

Cyclohexane Cyclohexene
The alkanes will betray themselves by their inactivity in almost

The alkenes, alkynes, and some aromatics dis-
A), cften with color. Alkenes and
decolorize permanganate (C). -

Lewis acid-type reagents,

any test we shall try.
solve in concentrated sulfuric.acid (

alkynes add bromine (B) readily and
Aromatics substitute readily with strong
22
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::;ﬂ a.s test D using aluminum chioride and chlorOf.Ol‘m- Alkynes area

iy er.uncommo_n and the best tests provide explosive compounds so
€Y Will not be tested here. The tests will be performed both on

€ompounds that give positive reactions and on those that do not. Nota

a .
;d Tecord any physical observations such as heat evolution, color
c . 2 "
ange, formation of a precipitate, and formation or disappearance of

la_‘rers .
PROCEDURE

A Sulfuric Acid

~CH_-CH-Ct
H,-CH-Ci

so, —> CH,
0SO,H

CHBCH=CHCH3 e HZ

With care, put about 1 ml of concentrated sulfuric acid in a

10 X 75-mm test tube. Add several drops of hydrocarbon to ke
Hold the tube with your left thumb and

tested and agitate carefully.
index figure at the very top. Gently strike the bottorn of the tube with

“2 downward motion with your right index finger. A little practice,
using water, will teach you the technique of mixing without splashing

Observe carefully whether or not the hydrocarbon is dissolving.
A yellow-to-brown color indicates solution has taken place. The
biggest problem is to note whether the hydrocarbon is dissolving or
just hiding in me%eniscq_s,‘"Look very carefully, and perhaps add a
. few more drops of hydrocarbon to be sure. If the material does not
dissolve, it is probably an alkane. If it also fails test C it is an

alkane.
‘Try this test on cyclohexane, cyclohexene, and toluene.

B. Bromine in Carbon Tetrachloride
CH, +B Light 4 cucu,cH, +HB
C.ZH':"CH2 CHZ H3 -Br, —_— H3l > 3 T

‘Alkane
Br
Alkene CH,CH=CHCH, + Br, _ Light CH,CH-CHCH
. . 2. - or aark; 3 | Il3 3
¢ s Br r

Alkenes decolorize bromine rapidly and completelf with a dilute
solution of bromine in carbon tetrachloride, even in the dark.
Alkanes react very slowly by substitution only in the presence of

11/27/2022 Professor Dr. Arab Qaseer
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wlEravt et bong

andpaudt a little (1/2 m1
dx*op Id e dilute brtom
- If you 2dd teco mu

of the hydrocarbon in a 10 X 75-mm test tube
ine 1n carbon tetrachloride solution drop by
ch solution for the amount of alkene you

3 bromine will color the solution and mask the test,
Telull 7 atter (ach drop to determins whathar or not the

ally adding.

aVe. he

YouD\ji;:e t_es: R CYCLO}\QX:lnu.‘cyclohexenﬂ, and chlor

' YU may take the cyclohe
ight,
May be
Us down in th

ctenzeng. (If
Xane and chlorobeazene tuibas out
shake them, and observe.) HBr is preducad in one
detected by carefully holding a strip of rmois: blua
e test tube.

in the sunl
tube ang
lite

C. Tke Baeyer Test, Potassium Permanganate
. OH-
‘\'I“O4 t alkene —— 3 M.nOZ + oxidation products
(purple)

, Permanganate will r
lowed by more extensiv
or basic solution,

Manganese dioxide.
brown flocculent pre

eact with double bonds forming diols. fol-

e oxidation. It will take place in either acidic
In base, the purple color disappears, forming

If concentrated enough, it will precipitate as a

cipitate. If too much permanganate is used, the
test may be masked by the intense color of the excess.

f

Place 1 ml] of ethanol in each of three test tubes. Add S to 10
drops of cyclohexane to the first, cyclohexene to the second, and
Cchlorobenzene to the third. Add a dilute solution of potassium per-
icanganate dropwise and observe for an immediate reaction.

D. Aluminum Chloride and Chloroform

. AICI3
Q) o, OO o
H

Colored ion

+
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This jg a complex reaction, involving several reactions ending in
@ colored product somewhat as illustrated above. Aromatic
€Ompounds preduce colors whereas alkenes do not. Benzenes will
glve orange-to-red colors, naphthalenes will be blue, biphenyls and
Phenanthrenes will be purple, and anthracenes will be green.

O QO 000

Benzene Na Phthalene Anthracene

o

Phenanthrene Biphenyl

You may wish to do the following test in a hood. Add a small
spatula of solid aromatic compound to 1 ml o{ dry chloroform in a
10 X 75-mm test fube. Get a Iittle anhydrous aluminum chloride on
2 spatula. (Keep the cover on the aluminum chloride as much as
Possible or it will pick up water and the test will f2il.) Incline the
test tube and wet the walls with the solution. Then while it is in-
clined, spill the aluminum chloride down the wet wall. Note the
color on the wall and in the solution.

Try the test with one or more solid aromatics such as those sug-

gested. Also try cyclohexane dnd cyclohexene.

E. Combustion .
Flam )
Hydrocarbon + Ozﬂ CO, + H,0

Saturated compounds burn cleanly, while unsaturatad ones tend to
produce soot, ’ ‘

Place a few drops of the compound to be tested on a watch glass
or the inverted cover of a crucible. Ignite it with 2 match or a
burrer and note the character of the burning.

Try the test on cyclohexaney cyclonexene, and toluene.

11/27/2022 Professor Dr. Arab Qaseer
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EXPERIMENT 9

Reactions cf the Functional Groups I: -
Alkanes, Alkenes, and Aromatics

Observations; Results
Aromatic

Test Reagent Cyclohexane Cyclohexane (specify)

S . }3:-2/c;c;~14

C. f:(MnO4

: 1
D. A1C13 /CHC 3

E. Combustion

|
|
|
|
)

F Results, Chlorobenzene, Phenol, and Aniline w'ith Bromine

" Water '

1 E,
i iti . tests 1n par_ts A, B 5
0 1 tions for all pOSICXVe C
-I'ite reacnon equa '

‘

and F. _ -

109
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CL - v .-
J ‘b xPERIMENT o

1 0 ‘REACTIONS OF THE FUMNCTIONAL GROUPS I =+ =
\LDEH_YDES, KETONES, AND ALCOHOLS

A
Jroun ldg}:ydes and ketones are both characterized by the carbonyl
’ Larbéﬂ-\)‘l < Aldehydes have at least ona hydrogen bonded tc the

eyt c.a:-bon whereas in ketones, both bonds are to alzyl or aryl .
8
i i 7
RCH -G RCIZ?.
S
Aldehydes Carbonyl group Ketlones

Two types of chemical behavior will be tested here. First, in
both aldehydes and ketones, the carbonyl group recacts well with rr{any
Feagents to form derivatives. Secondly, aldehydes are readily axidized
Oy numerous mild oxidizing agents that do not react with ketones.
Several Special tests that work for methyl ketones will also be tried.

S:ructurally, alcohols have a hydroxy group bonded (usually) to a
Saturated carbon. '

IS-E- §- &+
R-OH —C—O0O—H
I .
Alcohol

_—ed L

The reactions of alcohols involve the polar carbon-oxygen and oxygen-
hydrogen bonds. Alcohols are classified as primary, secondary,or

tertiary, and their rates of reaction frequently vary depending on the
Structure.

. R
i |
RCHZOI—I R(':HR R-C-R
L |
OH " OH
Primary (19) Secondary (29) Tertiary (2°)
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! y .
A2, 4-Dinitrophenylhydrazine :

LJ § | maoceoons

Yellow to red
precipita:za

CH '
H H
" SN ]
S ~C=0 + sz-v.\':-.\roz-;. CHJ-(':=N-N‘©-.‘IOZ+HZO
! ‘ B H

acid produces an immediate precipitate with mos: aldehydes and
ketones, colored yellow to deep red. Recrystallization and determi-
naticn of the melting point is a valuable clue to their identity.

Put 1 ml of the 2,4-DNP reagent (careful, it stains!) in a
10 X 75-mm test tube, A&dd 2 €o 3 drops of the compound to be tested
and shake carcfully. Try the test with acetone, benzaldehyde,
cinnamalde_hyde. acetophenone, and cyclohexanol.

3 This orange-red solution of 2, 4-dinitrophenylaydrazine ia sulfuric

o B 'Fehling's Test

O 2
I Cu“T™ (tartrate) 5
RCH Fehling's reagent

I
RCO™ Cuzol

Red precipitate

- Fehling's soluticn is an alkaline solution of sodium tartrate, in
which copper(II) ion is soluble because of complex formation.
(Copper(Il) ion is ordinarily insoluble in base.) This solution is a
very mild oxidizing agent, sufficiently strong to oxidize aldehydes
but not much else. In the reaction, the copper(II) ion is reduced to
copper(I) and precipitates as a red solid, the copper(l) oxide. Enough
reagent should be made at one time to handle all of your tests. The
reagent reacts well at about 60 °C. You should, however, place one
tube of the reagent without any test compound in the bath to make

sure that any positive tests you may get are not simply the

11
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decomposition o
blue solution of
Pension anpg the

f the reagént. When the reaction is positive, the deep
the reagent will turn to a murky olive-green sus= ey
red precipitate will gradually collect on the bottom

2 ml’l;:‘kt:is s of_Feh“ng's A and 5 ml of Fehling's B and m.i:c. Place
the compo N ;olutmn in each of three test tubes. Add 2 to 3 cfro;is of
\wa l‘mﬂ,,.atun S to be tested to each tube and place' the Lu'bes in the

7| Teagent i e.r }_Jath‘ Also, place one tube in the bath that has only the
— N1t for a blank. Exarine for a1y change in color or for a
* =% Precipitate on the bottom ol the tubs. Test on aqueous

dcetaldehyde and acetone.

C!- Tollens' Test

+ +
Az" + 2NH., ——> Ag(NH.)
) 3'2
PI o)
ip (L
AQ(NH3)Z+ + REH ————u3 RCO™ + Ag)

This test is very similar to Fehling's test above in that
To}lena" reagent is an ammoniacal solution of silver icn thatis a
very mild oxidizing agent. It produces silver metal, either 2s a fine

This is how mirrors

black precipitate or as a mirror on the tube!
were made in the past; now they are made by evaporating aluminum

metal onto glass. After we test for aldehydes, we shall make a
mirror.

L. Test for Aldehydes
" 'Put 5 ml of 0.1 M silver nitrate solution into a test
tube., Add dilute ammonia dropwise until the brown precipitate that
forms 2t first almost redissolves. Shake the tube between each drop
" so that you do not add too much ammonia, Place 1 ml of the solution
ina l0X 75-mm test tube and add 2 drops of the compound to be

tested. You may warm it gently, but be careful as you may just
You may test this by warming a sample of

decompose the reagent. .
With an aldehyde, you will observe a fine black
you may silver

the reagent alone.

precipitate, or if you are lucky and the tube is clean,
sivino a mirror that you can see from the out-

o o

etaldehyde and acetone.

the inside of the tube,
side. Try the test on the aqueous ac
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2. Preparation of a Silver Mirror

" Thoroughly clean a 90-mm watch glass and a 1 X 3-in.
Microscope slide by washing them with soap, rinsing with water and
then acetone, and allowing to dry. Place 50 ml of water in 2 400-ml
beaker supported on a tripod or iron ring. Sat the watch glass over
the open end of the beaker and lay the microscope slids across the
Watch glass. Yfave a burner ready to h:at the water,

Pour 25 mi of 0.1 M AgNO, into a small beaker. Add concentrated
ammenia dronswise until the dark precipitate trat forms after the first
drop or so &: disappears. Add a spatula (0.2 to C.3 g) of glucose
(grape sugar, blood sugar — the main energy source for animals;
human blood contains 0.03% to 0. 15 glucose). Stir or shake to dissolve
the glucose and pour the solution into the watch glass. Bring tre
Water in the 400-ml beaker to a boil. Remove the flame as soon as

the first traces of mirror appear. Allow the plating to prcceed for
3 to 3 min. With tongs, carefully remove the slide (handle on edzes)
and rinse with water and then with a little acetones. Place a piece of
dark clectrical or masking tape on the side with the better silver
surface and rub the silver off the other side. Observe the mirror
formed on the watch alass. The silver can be removed from the

watch glass with a few milliliters of 6 N HNO,.

D. Iodoform Test

The iodoform test is positive for 2ldehydes and ketones,

which have a methyl group directly connected to the carbon-oxygen
double bond. It also is positive for primary and secondary methyl

carbinols.
(@] H
I Lol
RCCH R-C-CH
3 1 3
OH

A methyl carbonyl A methyl carbinol

Put 2 to 3 ml of 10% potassium iodide solution (water/acetonitrile)

ina I3 X 100-mm: test tube Warm briefly on a steam bath or a
boiling-water bath. Add 2 drops (no more)-of the compound to be

tested. Shake, then add | to 1.5 ml of Clorox , Agitate the solution.
Look for the yellow precipitate, iodoform. Iodoform has a character-

istic odor. - You may have to filter the solution ard isolate the

iodoform to be sure the test is positive.

‘

Secondary methyl carbinols-are oxidized to methyl ketones and
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YN | _
_Ejé: o é’__R N i

* NaOH/I, — s RCO" + CHI,

[ 2
J OocCl1 + I —301 "+ cCl
1 '
‘ﬁ-CnJ + 201° ——— . C-C-1 4 304"
(R
@] O I
I
_E-C-I + O- —_—s.C-0" + HCIL
o " 3
I ©)

Iodoform
(light vellow
precipitate)

5 will ¢
I therefore also give the test Try the test with acetone,

2-pro
panol, 3-pentanone, acetoshenone, and propiophencne.

Sodium Bisulfite

give crystalline addition products.
CH (@) 1
/ 3 : 3(0:‘ I—1)+
-G C (or H) + Na HSOB' _ R—C-SO3-Na. J/
O H

Shake 1 to 2 ml of a saturated scolution of sodium bisuliite,
Na.HSO , (not meta-bisulfite) with a few drops of the compound to be
tested. Ald ehydes and methyl ketones give a precxpxtate of tbe ad -

| dition product. Try the test with acetone, acetophenone.
benzaldehyde, and cyclohexanol.

j Sodium bisulfite adds to aldehydes and methyl ketcnes to
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Fe Lucas Tes:
R 5 R
30 o ZnCl1 ] *
Alcchaly R-C-OH + HCl —3%  R.¢-c1 + H,0
& R
Insoluble oil
(immediately)
R ZnCly R
2° Aleat : '
Alcohols H-C-OH + HC| —> H-C-Cl1 + H,O
) 2 '
R 2

Insoluble oil
(slowly)

R ZnClL,
o [}
'™ Alcohols H-?-OH t HCl =2 s reaction

(unless heated

H
for some time)

The Lucas reagen: replaces the hydroxyl group of an alcohol with
A chloride The alcohol is usually soluble in the reagent, and the
chloride is not. One therefore sees a ciecar solution become cloudy,
and often a Separate layer of the chloride will develop. Tertiary
alcohol give the test immediately at room temperature. Secondary
alcohols take 5 to 10 min at room temperature or a minute or two at
60 °C. Primary alcohols will react eventually but take much longer.
lj"henols and acids do not react. Since the reagent sometimes becomes
weaker with age, you cannot re[y on time 2lone. Always do the test
with different kinds of alcohols simultaneously so that you can see the

coniras:.

Put 1 to 2 ml of the prepared Lucas reagent (anhydrous zinc
chloride dissolved in concentrated hydrochloric acid) ina 10 X 75-mm
test tube. Add 5 to 10 drops of the alcohol and shake briefly. - Wait
several minutes and then put the test tubes with no reaction into a
beaker of water of 60 °C. The tertiary alcohols should react at room
t;:mperature and the secondary alcohols at 60°C; the primary alcohols

won't react.

- BERTETHS 2.8 5508,

- e . ™ 2

2 solution of phenol and a

fa 90

o s ee’w
e " e een -

~

cesired, you may iry a faw<drops o

*Does not have to be present for tertiary alcohols.
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few g e
!'Qns of
< a { g ‘
n°nreaction Cetic acid in separate test tubes to perceive the

almos, inva;-i e extremely careful with phenol solutions. They are
able strong vesicants (blisterers) or irritants. The
©n ocak is a phenol. )

&f

Ifritant jn pois

For
contr . .
aSt, repeat the tests with concaentrated hydrochloric

acia o
J T A
nly the tertiary alcohol will react.

Chr R b "
©Mic Anhydride — Oxidation of Alcohols

i A

R
1© Al v + R £
cchols .L{-('_‘_OE,{ + Cr03 H 'C=O—! ” ?I%-O:—! & c.—}.‘
H i _J O
Yellow Aldehyde Acid GCGre=snish
orange blue (i=x-
mediate)
o o R
' + +
27 Alcohols H-?-OH + CrO H- Y é:O + Cr3'
|
R R
R
o . 1 H+
37 Alcohols R-(IZ—OH + Cz'O3 ———> no immediate reaction
8 .

Primary alcohols can be oxidized to aldehydes and then acids.
Secondary alcohols are readily oxidized to ketones. Tertiary alcohols

are not readily cxidized. Given just a little time, however, the

tertiary alcohol will undergo changes such as unsaturation that will
allow extensive oxidation. This hesitation is the basis of this test.
Primary and secondary alcohols will react with this reagent within

2 sec. Tertiary alcohols hesitate for a few seconds, then react.

Add 1l to 2 ml of acetone to each 10 X 75-mm test tube. Add
|l to 2 drops of the compound to be tested and then add an equal amount
of the chromic acid reagent. The yellow color should change im-
mediately to the greenish blue of the chromic ion. If the solution

remains yellow for 2 sec, the testis negative. Be sure o do a blank

on the, acetons. Test l-butanol, 2-butanol, and t-butyl alconol.
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Date

Section

EXPERIMENT /o

Reactions of the Functional Groups 1I:
Aldehydes, Ketones, and Alcohols

Results; Observations

= -
2, 4-Dxnnrophenylhydrazinc
Acetopbenone

Acetone
Cirmamaldehyde Cyclohexanol
Benzaldehyde

Write reaction equations describing all positive reactions

i-"ehling's Test
Acetone

Acetaldéhyde
Reaction equation

Tollens' Test
Acetone

Acetaldehyde
Reaction equation

Results of silver mirror preparation
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D. lodoform Test 6
Acetone 2-Propanol
) ne
3-Pentanone Acetopneno -

Benzaldehyde
Reaction equations for positive tests

£. Sodium Bisulfite .
Acetone Acetophenone
Benzaldehyde Cyclohexanol
Reaction equations for positive tests

F- Lucas Test
! -Butanol
2-Butanol
t-Butyl alcohol
~Reaction equations
/
G. Chromic Anhydride
l-Butanol
2-Butanol g
t-Butyl alcohol :
Reaction equations for positive tests
H. Reaction with Sodium Metal .
2-Butanol

1-Butanol °
t-Butyl alcohol
Reaction equations for positive tests
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