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Laboratory Safety and MSDS
Safety!

Organic chemistry laboratory can provide social benefit, basic scientific discoveries, and
intellectual satisfaction. Chemical experiments are not just fun, But can also be very
hazardous, some experiments inherently so. Complacency is often observed by experience.
One often forgets that chemistry is a potentially dangerous enterprise; a cavalier attitude
often results in disastrous consequences. Therefore, extreme caution should be exercised at
all time, especially when one handles large-scale reactions that are exothermic or when

dealing with toxic chemicals.

Personal Protection Equipment
1. Safety Glasses

If a chemical splash into your eyes, it could do serious and sometimes permanent
damage to your vision. The most common forms of eye protection include safety glasses
(with side shields), goggles, and face shields. Prescription eye glasses are acceptable provided
that the lenses are impact resistant and they are equipped with side shields.
2. Gloves

Laboratory gloves are an essential part of safe laboratory practice and must be worn
while handling chemicals. Despite practicing good safety techniques, tragedy may still strike.
The types of gloves available and their recommended use. The manufacturer’s description
of the gloves should be consulted.
3. Laboratory Coats

Laboratory coats provide an important barrier for your clothes and, more important,
your skin from chemicals. The laboratory coat should fit comfortably, have long sleeves and
should be clean.
4. Material Safety Data Sheets (MSDS)

When dealing with chemicals, caution is warranted, especially with reactive chemicals,
carcinogens, and toxic reagents. A useful resource is the Material Safety Data Sheets (MSDS).
There are a variety of resources that can be accessed online, including the following:

MSDS Solution [www. msds.com (accessed June. 10, 2013),



MSDS online [www.msdsonline.com (accessed June. 10, 2013),

Cornell University [www.msds.ehs.cornell.edu (accessed June. 10, 2013),

Chemical suppliers/manufactures such as Sigma-Aldrich (www.sigmaaldrich.com),
(accessed June. 10, 2013),
www.msds.ped.go.th (accessed June. 10, 2013)
5. Useful Preparations
Setting up the reaction is probably the most import job for an organic chemist. Once a

reaction is initiated, there is little left that needs to be done to change the outcome.



Experiment 1:

Electrophilic Aromatic Substitution (Nitration reaction):

Aromatic substitution reactions are generally electrophilic, due to the high electron
density of the benzene ring. The species reacting with the aromatic ring is usually a positive
ion or the positive end of a dipole. This electron deficient species, or electrophile, may be
produced in various ways, but the reaction between the electrophile and the aromatic ring

is essentially the same in all cases.
The overall directing and rate effects of a substituent can be classified into three groups:
1. ortho-para-directing activators
2. ortho-para-directing deactivators
3. meta-directing deactivators.
Any substituent that activates the aromatic ring is an ortho-para director. Figure 1.1
shows the resonance forms of the arenium ion associated with a monosubstituted aromatic
system. Electrophilic attack at either the ortho- or para-position placed a positive charge on

the carbon. This stabilization is not possible when electrophile attacks at the meta-position

I
-NH,, -OCH3, -OH X; halogens —C-H(R, OH, OR)
-NHCOR, -CHj3; (alkyl) -F, -Br, -ClI, - -NO, -CN, -SO3H
ortho-para ortho-para meta
activators deactivators activators

Figure 1.1 The classification of substituent aromatic

Normally, electron donating group (EDG) substituent of the aromatic ring was substituted
electrophile at ortho- and para- positions. The stabilization of the positive charge can occur.

In another hand, electron withdrawing group substituent of the aromatic ring was substituted

electrophile at meta- positions.



EDG EDG EDG
@ E
—_—
+ E + EDG = electron donating group
electrophile
E
ortho-position para-position
EWG EWG
® —_—
* E EWG = electron withdrawing group
electrophile E
meta-position
Mechanism
Step 1 /\ ® H H H
© , @ _Addition @LE - ©LE - @E
@ @

arenium ion

E
E —
Elimination

Scheme 1.1: Electrophilic aromatic substitution and their mechanism

The most common electrophilic aromatic substitution mechanism is the arenium ion
mechanism, shown in above.

In the first step of the reaction, benzene donates an electron pair to the electrophilic

species, designated E*. A carbocation intermediate is formed, called an arenium ion or a
sigma complex. This arenium ion can be written in three resonance forms. Although the
arenium ion is stabilized by these resonance forms, it is destabilized by the loss of aromatic
stability (~36 - 62 kcal/mole). This aromatic stability is regained in

the second step of the reaction, consisting of elimination of a proton from the arenium

ion, forming a substituted benzene. This process is called "re-aromatization".

Nitration is one of the most important examples of electrophilic aromatic substitution.
Aromatic nitro compounds are used in products ranging from explosives to pharmaceutical

synthetic intermediates. The electrophile in nitration is the nitronium ion (NO,"). The



nitronium ion is generated from nitric acid by protonation and loss of water, using sulfuric

acid as the dehydrating agent as shown in Scheme 1.2.

® ® ©
HN03 + 2H2804 I O=N=0 + H3O +2HSO4

nitronium ion

Scheme 1.2: Preparation of nitronium ion

Nitration of aniline was give ortho-nitroaniline as major product and para-nitroaniline as

minor product. In this experiment, you will perform a nitration of acetanilide to ortho-

nitroacetanilide and para-nitroacetanilide products. Then, hydrolysis with acid to give ortho-

nitroaniline and para-nitroaniline product.

NH,

O

aniline

NH2 conc. HNO3 e NO N2
conc. H,SO, 2 N
0°C
aniline Nitration NO2
(Major) (Minor)
ortho-nitroaniline para-nitroaniline

Scheme 1.3: Nitration reaction of aniline

X
HN™ "CHs one. HNO,
Ac,0 conc. HySO4 +
—_— s _—
0°C
Nitration
acetanilide
A (Major) B (Minor)
Hydrolysis
HCI/H,0
+
(Major) (Minor)

Scheme 1.4: Nitration reaction of acetanilide and hydrolysis reaction



Procedures

Part 1: Syntheses of Nitroacetanilide

1. Weigh 1.50 g of acetanilide and 3.0 ml of conc. H,SOq4 in 250 ml beaker, stir
on an ice bath (< 5 °C)

2. Slowly drop nitrating solution (1.5 ml of H,SO4 and 1.5 ml of HNO;) “carefully
the solution temperature must below < 5 °C” and stir for 10 minutes.

3. Add 100 ml of cool water into the solution. The particle of Nitroacetanilide will
appear.

4. Collect the Nitroacetanilide with vacuum filtration

Part 2: Hydrolysis of Nitroacetanilide

1. Obtain all of Nitroacetanilide in 100 ml of round bottom flask.

2. Add 10 ml of HCl and 20 ml of water.

3. Reflux the solution for 15 minutes.

4. Decant the solution into 50 ml of cool water (beaker)

5. Basicity with 50% NaOH (Slowly drop). The particle of Nitroaniline will appear.

6. Collect the Nitroaniline with vacuum filtration and dried with oven. Record
actual weight. What was your percentage yield?

7. Explain and complete Scheme 3.4, what the major and minor of your

products. Why?



Experiment 2:

Nucleophilic Aromatic Substitution with Kl; Diazotization reaction

Nucleophilic aromatic substitution (SyAr) reactions offer a useful way to functionalize

an aromatic ring. The high 7-electron density of an aromatic ring results in predominant
reactivity towards electrophiles; however, if the aromatic ring is activated with electron
withdrawing groups (EWG) ortho and/or para to a good leaving group, a nucleophilic
substitution reaction is possible. Halogens are the most common leaving groups for SyAr
reactions and functional groups such as -NO,, -SO,R, -NR,, -CF; and -CN are electron
withdrawing enough to render the aromatic ring susceptible to reaction with an electron-rich

nucleophile, such as an amine.

Nu
EWG = electron withdrawing group
+ Nu —_— ) g
L = leaving group; X, N,
EWG EWG Nu = small nucleophile;
X, CN~
Mechanism
L/\ L. Nu Nu
e
S ©  Addition ©  Elimination
+ u e —_—
rds
EWG EWG EWG

Meisenheimer complex

Scheme 2.1: Nucleophilic aromatic substitution and their mechanism

The reaction follows an addition-elimination two-step reaction sequence. It is generally
accepted that the first step, in which a tetrahedral cyclohexadienyl anion called a
Meisenheimer complex is formed, is the rate-determining step (rds). This is generated by the
addition of the nucleophile to the carbon bearing the leaving group. Subsequent elimination

of the halogen substituent (leaving group) leads to regeneration of the aromaticity in the ring.



Diazonium compounds or diazonium salts are a group of organic compounds sharing a

common functional group R-N** X". Diazonium salts, especially those where R is an aryl group,

are important intermediates in the organic synthesis.

The process of forming diazonium compounds is called "diazotization". The most

important method for the preparation of diazonium salts is treatment of aromatic amines

such as aniline with nitrous acid (HNO,) or Sodium nitrite (NaNO,). Usually the nitrous acid is

generated in situ (in the same flask) from sodium nitrite and mineral acid. In aqueous solution

diazonium salts are unstable at temperatures above +5 °C; the -N**group tends to be lost

as N, (nitrogen gas). Often, diazonium compounds are not isolated and once prepared, used

immediately in further reactions. This approach is illustrated in the preparation of an aryl

halide compound.

® O
NH; N=N ClI Nu
NaNO,/HCI Nu
——— s + Ny (g)
<5°C Small
EWG EWG EWG
HOheat "~/ L KX ClL L, Br
OH 4 CuCN/ "HPFs  °a X
¥ 4
CN F
EWG EWG
EWG EWG

Scheme 2.2: Nucleophilic aromatic substitution of diazonium salt with small nucleophile



Procedures

Part 1: Preparation of Diazonium salt

1. Weigh about 0.50 g of p-nitroaniline, 5 ml of conc. HCl and 10 ml of water in
250 ml beaker, stir on an ice bath (< 5 °C)
2. Add solution of 0.5 ¢ NaNO,/ 2 ml water, stir for 5 minutes (Carefully! the solution

temperature must be below 5 °C).

Part 2: Synthesis of p-iodonitrobenzene

1. Slowly drop solution of 1.0 g Kl in 4 ml water into Diazonium salt from part 1.
Continuously stir the solution until no bubble appear (Carefully! the solution temperature
Must be below 5 °C).

2. Collect the crude of p-iodonitrobenzene with vacuum filtration.

Part: 3 Crystallization of p-iodonitrobenzene

1. Dissolve the crude of p-iodonitrobenzene with hot Ethanol (EtOH) on hot plate.
until the solid completely dissolves.

2. Remove from the hot plate. Allowing the hot mixture to slowly cool to room
temperature and cooling further in an ice bath. Crystals will appear.

If not, remove the solvent with hot plate.

3. Collect p-iodonitrobenzene crystal with vacuum filtration. Record actual weight.

What was your percentage yield of p-iodonitrobenzene?

4. Explain, what is your major products. Why?
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Experiment 3:

Diazonium Salt coupling with ﬁ-naphthol: Diazo coupling

An azo coupling is an organic reaction between a diazonium compound and another
aromatic compound that produces an azo compound. In this electrophilic aromatic
substitution reaction, the aryl diazonium cation is the electrophile and the activated aromatic
is a nucleophile. The coupling product results from reaction of the terminal diazonium

nitrogen atom at the para- or ortho-position to the activated aromatic.

EDG
_® 0
N=N CI EDG
EDG

o

+ 0 _ //N + //N

m m N N
EWG EWG
p-Aza compound 0-Aza compound

Scheme 3.1: Diazo coupling with bulky nucleophile
Products of diazonium coupling reactions are normally highly conjugated, colored

compounds and dye. Important azo dyes include methyl red and pigment red. As shown in

scheme 3.2.
N(CHs)2
® O
NH, N=N CI ©
NaNO,/HCI @-N—N N(CH
T A B = = ‘< >* (CHa)2
EWG EWG p-N,N-Dimethylaminoazobenzene
OH - N(CHs), Yellow color
© ,/'NaOH
r \\
OrnOron rosOprnCprmoms
p-Hydroxyazobenzene p-N,N-Dimethylaminoazobenzene
Orange color 4-sulfonic acid
Methyl orange

Scheme 3.2: Diazo coupling with bulky nucleophile
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One example is the synthesis of the dye. Para red can produce from aniline and

naphthol couples with phenyl diazonium electrophile to produce an intense orange-red dye.

@ O
N=N Ci OH

“CO / NaOH .

NO,

major minor

Scheme 3.3: Diazo coupling between Diazonium ion and f-naphthol

Procedures

Part 1: Preparation of Diazonium salt

1. Weigh about 0.50 g of p-nitroaniline, 5 ml of conc. HCl and 10 ml of water in
250 ml beaker, stir on an ice bath (< 5 °C)
2. Add solution of 0.5 g NaNO,/ 2 ml water. Carefully the solution temperature

must below 10 °C

Part 2: Syntheses of para red

1. Slowly drop solution of 0.2 g of fnaphthol in 4 ml of 10% NaOH in to
Diazonium salt. Continuous stirring the solution until no bubble appear.
Carefully the solution temperature must below 10 °C and stir for 10 minutes.

2. Add dilute HCL till the solution turn to acidity.

3. Collect the para red with vacuum filtration and dried with oven. Record
actual weight. What was your percentage yield?

4. Explain and complete Scheme 3.3, what the major and minor of your

products. Why?
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Experiment 4:

Synthesis of carboxylic derivative; Aspirin

Aspirin (acetylsalicylic acid) is a synthetic organic derived from salicylic acid. Salicylic
acid is a natural product found in the bark of the willow tree and was used by the ancient
Greeks and Native Americans, among others, to counter fever and pain. However, salicylic

acid is bitter and irritates the stomach.

O~_OH

O. _CH,

T

O

Aspirin
(2-acetoxybenzoic acid)

Scheme 4.1: aspirin structure and pills

A German chemist named Felix Hoffman is credited with being the first to synthesize
aspirin in 1897. Hoffman's father had severe arthritis but could not tolerate salicylic acid he
was taking for pain relief. The name given for Hoffman's new compound was A-spirin.
Apparently, this comes from acetylation (A-), together with Spirin, part of the name for

Meadow-sweet (Spiraea ulmaria), a plant rich in salicylates.

Friedrich Bayer, the employer of Hoffman, patented the name and began marketing the
product in 1899. It was a huge success and sales grew rapidly. Bayer's company set up by
himself, is generally reckoned to have been the first pharmaceutical company, and the
production of aspirin is generally accepted to have laid the foundation of the modern

pharmaceutical industry.
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In this experiment you will synthesize aspirin (acetylsalicylic acid, CoHgOy), purify it, and
determine the percent yield. The purity of the product will be confirmed by qualitative

analysis and by measuring its melting point range.

O
H3C)kOH

COGH COOH

@ Acetic acid @ + H,O
> 2

OH H,SO, O/COCH3

Salicylic acid Acetyl salicylic acid
(2-hydroxybenzoic acid) (2-acetoxybenzoic acid)

Scheme 4.2: synthesis of acetyl salicylic acid
The reaction that is used for the synthesis is shown in Scheme 4.2. In this reaction, an
excess of acetic acid (C,H,0,) is added to a measured mass of salicylic acid (C;HOs) in the
presence of a catalyst, sulfuric acid (H,SOg4). The mixture is heated to form the acetylsalicylic
acid (CgHgO4) and water. After the reaction takes place, water is added to stop the reaction
and cause the product to crystallize. The aspirin is then collected, purified by recrystallization,

and its melting temperature measured.
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Procedure
Synthesis of Aspirin
1. Staring Materials (1.00 @) of salicylic acid and 7.0 mL of acetic acid from graduated

cylinder in 125 mL Erlenmeyer flask. And 10 drops of sulfuric acid (catalyst) to the flask.

2. Reflux the mixture for 45 minutes.

3. Slowly add 20 mL of distilled water to the flask. Swirl the flask to mix the contents.

4. Place it in an ice bath and cool until the crystallization of the aspirin appears
complete. If crystals do not appear, you can scratch the walls of the flask with a stirring rod
to induce crystallization.

5. Collect the precipitate by Buchner funnel on a vacuum filtration. Wash the filtrate
with cool distilled water.

6. Transfer the precipitate into an Erlenmeyer flask. Recrystallizing the product using
ethanol. “Dissolve at hot but non-dissolve at cool”

7. Collect the crystal with vacuum filtration. Allow the solid to dry completely

8. Determine weight and %yield of the product.

Explanations!
1. Propose the mechanism of the products?
2. What is the possible products? (3 structures)

3. What is the acetyl derivative can use to prepare aspirin?
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Experiment 5:

The Aldol Condensation

Aldol condensation combines both Nucleophilic addition and Condensation reaction. It
is a very useful synthetic reaction for generating new carbon-carbon bond and double bond.
In an Aldol reaction, it connects between alpha carbon of one molecule and the carbon of
carbonyl of the second molecule. This forms a beta hydroxyl carbonyl compound. Sometime

it is followed by dehydration to get alpha-beta unsaturated carbonyl compound (Aldol

products).
Nucleophilic addition Condensation
A A
r o N r N
2l oo i
J— OH -
CHy—cH SHe=CH/ZNaOR _ oy ch—cH,—cH _Neat-HO oy ch=cH—cH
-hydroxyl carbonyl , -unsatureted carbonyl

Crotonaldehyde

Scheme 5.1: The aldol condensation reaction of acetaldehyde

Mechanistically, the aldol condensation reaction is a simple nucleophilic addition
reaction between an enolate ion and a carbonyl group. The enolate is formed when the base
(NaOH) present abstracts an @ -Hydrogen of a carbonyl one. This Hydrogen is particularly
acidic photon because of the resonance stabilization of the resulting enolate. This enolate

nucleophilically attacks carbonyl groupings in the typical fashion, forming the aldol product.

o] (I)‘
(|

CHZ—CH - CH2:CH
Scheme 5.2: The resonance form of enolate anion

In this experiment, we will synthesize the substitute dibenzalacetone from crossed

Aldol condensation of acetone and two molecules of a substituted benzaldehyde.

0 O
\ 0 _ —
CH [ CH=CH—C—CH=CH
CH3—C—CHs/ NaOH
2R > R
substituted benzaldehyde substituted dibenzalacetone

Scheme 5.3: The aldol condensation reaction of substituted benzaldehyde
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Procedure

Synthesis of Substituted dibenzalacetone

1. Place 1.4 mL (1.0 eq,, 1.458 g) of Benzaldehyde and 0.5 mL (0.5 eq., 0.4 g) of

acetone and 10 mL of ethyl alcohol in a 50 mL Erlenmeyer flask

2. Stir the mixture for 3 minutes in an ice water bath.

3. Slowly add 0.5 ¢ of sodium hydroxide (NaOH) in 2 mL of water. Stir for 5
minutes.

4. Remove the ice water bath. Stir the mixture at room temperature for another
10 minutes. The reaction mixture should at first be clear and homogeneous,
but should shortly become milky with solid particles of the product.

5. Add the ice and stir until the precipitation occurs.

6. Collect the precipitate by vacuum filtration.

7. Wash the filtrate with 150 mL of distilled water to remove the basicity.

8. Transfer the precipitate into an Erlenmeyer flask.

9. Recrystallize the product using ethyl alcohol.

“dissolve at hot but non-dissolve at cool”

10. Collect the crystal with vacuum filtration. Allow the solid to dry completely

11. Determine weight and %yield of the product.

12. Determine the melting point.

Explanations!
1. What is the configuration (cis-cis or trans —tran or cis-trans) of the product?
“The trans-tran-form melts at 110-111°C;
The cis-trans-form melts at 60 °C
The cis-cis-form is an oil”
2. What is the mechanism of the product?

3. Draw the structure of your product in stable-form.
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Experiment 6:

The Claisen Condensation

One of the important enolate condensation reactions is the Claisen condensation, which
involves reaction of an enolate with the carbonyl compound of an ester. The enolate is
generated by removal of a slightly acidic hydrogen from the a-carbon of a ketone, nitrile or
ester using a relatively strong base. The enolate then attacks the carbonyl carbon of an ester
to yield an intermediate which undergoes rapid loss of the alkoxide leaving group to yield a
b-dicarbonyl compound. As usual, all steps in the sequence are completely reversible; the
reaction is driven to the product side by deprotonation of the relatively acidic product by
the alkoxide ion produced in the condensation. The final product is therefore a new enolate,
which can be extracted from the reaction mixture by washing with water, in which it is soluble

because it is a salt. It is finally liberated by acidifying the aqueous extract.

Nucleophilic Substitution Decarboxylation
A A
r o N r N\
ﬁ CH l(,! OR ﬁ ﬁ H3O" heat ﬁ
R—C~or =3 » R—C—CH,—C-OR » R—C—CH,
/NaH
-keto ester -CO, Ketone

Scheme 5.1: The Claisen condensation reaction of ester

Mechanistically, Claisen condensation reaction is a simple nucleophilic addition reaction
between an enolate ion and a carbonyl group. The enolate is formed when the base (NaH)
present abstracts an & -Hydrogen of a carbonyl one. This Hydrogen is particularly acidic
photon because of the resonance stabilization of the resulting enolate. This enolate

nucleophilically attacks carbonyl group in the typical fashion, forming the Claisen product.

o) O-
Il I
CH,—C—OR <«——> CH,=C—OR

Scheme 5.2: The resonance form of enolate anion

In this experiment, we will synthesize the B—diketone from Claisen condensation of

methyl acetate and acetone in the presence of a strong base.
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O O NaOH O O
+
)ko/ A EtOH PN
methyl acetate  acetone pentane-2,4-dione

Scheme 5.3: The Claisen condensation reaction

Procedure

Synthesis of Substituted dibenzalacetone

1. Place 1.0 mL (1.0 eq,, 0.932 ¢) of methyl acetate, 1.0 mL (1.1 eq., 0.785 g)
of acetone and 10 mL of ethyl alcohol in a 50 mL beaker.

2. Add 0.5 g of sodium hydroxide (NaOH). Stir at room temperature for 10 minutes.
The reaction is exothermic and will turn from clear liquid to white slurry.

4. Stir the mixture on hot plate under mild heating for another 10 minutes.

5. Cool the mixture to room temperature, add water and stir.

6. Extract the product with 10 mL ethyl acetate for 2 times.

7. Collect the organic phase, dry with anhydrous NaSOj.

8. Transfer the solution into a weighted-beaker.

9. Remove the solvent on hot plate. (Don’t forget to add boiling chips!)

10. Determine weight and %yield of the product.

11. Check TLC of the product.
Explanations!

1. What is the mechanism of this reaction?

2. Draw the structure of your product in stable-form.
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Experiment 7:

Cannizzaro Reaction of benzaldehyde

As a general rule, nucleophilic addition reactions are characteristic only of aldehydes
and ketones, not of carboxylic acid derivatives. The reason for the difference of is structural;
the tetrahedral intermediate produced by addition of a nucleophile to a carboxylic acid
derivative can eliminate a leaving group, leading to a net nucleophilic acyl substitution
reaction. The tetrahedral intermediate produced by addition of a nucleophile to an aldehyde
or ketone, however, has only alkyl or hydrogen substituents and thus can't usually expel a
leaving group. One exception to this rule, however, is the Cannizaro reaction, discovered in
1853.

The Cannizzaro reaction takes place by nucleophilic addition of OH- to an
nonenolizable aldehyde (bearing no a—H) to give a tetrahedral intermediate, which expels
hydride ion as a leaving group and is thereby oxidized. A second aldehyde molecule accepts

the hydride ion in another nucleophilic addition step and is thereby reduced

0]
1) NaOH heat, 30 min COOH
, @)‘\H ) Na " ©/ ©/\OH
+
2) Work up
benzaldehyde benzoic acid phenyl alcohol

Scheme 7.1: Cannizzaro Reaction of benzaldehyde

The Cannizzaro reaction is that of aldehydes that do not contain alpha hydrogens to
give carboxylic acids and alcohols (alpha hydrogens cause an Aldol reaction to take place).
This occurs in the presence of a strong base. Benzaldehyde, which does not contain alpha

hydrogens, was used for this reaction.

The reflux technique will be used in order to allow for a complete reaction between
all the components. On completion of the reaction, the extraction technique will enable the

separation of benzoic acid and benzyl alcohol. This will be achieved by the ionization of
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Benzoic acid which will separate from the organic benzyl alcohol. Reacidification will reform

the Benzoic acid.

Procedure

1. Place about 3.0 ml of benzaldehyde, 15 ml of methanol and 2 ml of aqueous 10 M KOH
in a 100 ml round bottom flask; add a couple of boiling chips finally.

2. Reflux the reaction mixture and heat the reaction mixture to the boiling point of
methanol for 30 minute. Allow the mixture to cool down and place in an ice bath.

3. Transfer the mixture carefully to a separator funnel. Addition 30 ml of CH,Cl, and
Extraction two time with 30 ml of water

4. The aqueous phase was collected in Flask A. and the aqueous phase was work up with
HCl to appear crystal.

5. Collect the crystal with vacuum filtration. Allow the solid to dry completely, Determine

weight and %yield of the product A.

Organic Phase Work-up:

1. The CH,Cl, phase was collected in Flask B. it was dries over by anhydrous MgSO4. Add
enough drying agent so, the solution appears clear as opposed as cloudy.

2. Rinse the CH,Cl, to beaker (weight).

3. In the hood, evaporate the CH,Cl, by using a hot plate.

4. Determine the yield of the oily residue of the product B.

-———-Then take the product A and B ot IR spectroscopy-—-——-
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0
COOH
H OH
KOH +
—_—
benzaldehyde benzoic acid phenyl alcohol
30 cm® CH,Cl,
*30 cm3H,0 (2 time) *
Aqueous Layer Organic layer (B)
A

6 M HCI (acidicify) Evaporated

Scheme 7.2 the synthesis and extraction of cannizzaro reaction
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Experiment 8:

Identification of Cannizzaro Reaction Product by FT-IR technique

Infrared spectroscopy is certainly one of the most important analytical technique
available to today’s scientists. Infrared spectroscopy is a technique based on the vibrations
of the atoms of a molecule. An infrared spectrum is commonly obtained by passing infrared
radiation through a sample and determining what fraction of the incident radiation is
absorbed at a particular energy. The energy at which any peak in an absorption spectrum
appears corresponds to the frequency of a vibration of a part of a sample molecule. In this
introductory chapter, the basic ideas and definitions associated with infrared spectroscopy
will be described. The vibrations of molecules will be looked at here, as these are crucial to
the interpretation of infrared spectra.

This equation may be modified so that direct use of the wavenumber values for

bond vibrational frequencies can be made, namely:

v = frequency in cm™

V= L E ¢ = velocity of light = 3 x 10'° cm/sec
2rc MU K = force constant in dynes/cm
mymy .
=—L1"2 masses of atoms in grams
my+ my

The two primary modes of vibration are stretching and bending Stretching modes are
typically of higher energy than bending modes Stretching modes are often divided into two

a symmetric and asymmetric stretch; the asymmetric stretch is usually of higher energy

/V
AN ] M \' AN
- c c /C
iH 71 >w 7 X
/ \ (~2853 cm™') (~1450 cm-")
C H e 7
LS ~ C/" | M
N 7w )
Stretching Bending
Asymmetric stretch Rocking Twisting
(~2926 cm~") (~720 cm-) (~1250 cm~')
IN-PLANE OUT-OF-PLANE

STRETCHING VIBRATIONS BENDING VIBRATIONS

Scheme 8.1 the mode of vibration in organic compounds
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A second and more important use of the infrared spectrum is Functional Groups of a
molecule. The absorptions of each type of bond (N—H, C—H, O—H, C—X, C—0, (=0, C—C,
C=C, C=C, C=N, and so on) are regularly found only in certain small portions of the
vibrational infrared region. A small range of absorption can be defined for each type of bond.
The same type of range applies to each type of bond. Scheme 8.1 illustrates schematically
how these are spread out over the vibrational infrared. Try to fix this general scheme in your
mind for future convenience.

FREQUENCY (em ')

4000 2500 2000 1800 1660 1550 650
O—H C-H C=C VERY C=0 | C=N c-ClI
FEW c-0
C=N BANDS C-N
N-H c=C | CC
X=C=Y
(C,O.NS) N+0 N=0
1
25 4 5 5.5 6.1 6.5 15.4

WAVELENGTH (u)

Scheme 8.2 The approximate regions where various common types of bonds absorb
(stretching vibrations only; bending, twisting, and other types of bond vibrations have been

omitted for clarity).

In general, the frequencies range of vibration stretching of single, double and triple

bonds between two atoms are following bonds

C—H 2900-3300 cm™* !
C—C 1200 cm'* C=C 1650 cm™ C=C 2150 cm*
C—0 1100 cm™* C=0 1800 cm* C=N 2250 cm’*

O—H 3200-3600 cm™

N—H 3300 cm™*

The Canizzaro reaction for previous experiment benzoic acid and phenyl alcohol were
produced. The infrared (IR) absorption occurs from the stretching and bending of the covalent
bonds in molecules to be accompanied by IR absorption a stretch or bend must change the

dipole moment of the molecule
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Sample Preparation for IR Work

Three major methods of sample preparation

1. Sample is mixed with a mulling agent such mineral oil and pressed between plates
made of Sodium chloride is used because it has no IR absorptions; glass or plastic plates
would have IR absorptions of their own Sodium chloride plates are good from 4000 to 650
cm™; below 650 cm™ they begin to absorb

Potassium bromide plates can be used in place of sodium chloride and are transparent
to 400 cm™, but they are more expensive.
Downside of this method is absorptions due to the mineral oil

2. Sample is mixed with solid potassium bromide and pressed into a pellet under high
pressureNo absorptions from mulling agent. Only works for solids

3. Sample is dissolved in carbon tetrachloride and pressed between salt plates

Downside of this method is absorptions due to the CCly

Procedure
Sample Preparation

1. The product A and B were prepared for FT-IR spectrometer.

2. Try to assign at least three of the most prominent bands in the spectrum. Are they
consistent with the Functional Group you believe is present in your sample?

3. The laboratory work involves identification of an unknown by recording its infrared
spectrum, investigating the major absorption bands, and comparing the spectrum product A

and B with spectra of benzoic acid and phenyl alcohol.

H
©/COO @/\OH

benzoic acid phenyl alcohol
Explanations!

1. Give the mechanism of the reaction and complete Scheme 7.1
2. How would you isolate the alcohol from the organic layer that contains also the
portion of unreacted aldehyde?

3. Calculate the mass of unreacted benzaldehyde.
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IR Spectrum - Benzaldehyde
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IR Spectrum — Benzoic acid
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IR Spectrum — Benzy!l alcohol
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Experiment 9:

Carbohydrate: Isolation of lactose from Milk

Milk is a food of exceptional interest.  Not only is milk an excellent food for the very
young, but humans have also adapted milk, specifically cow’s milk, as a food substance for
persons of all ages. Many specialized milk products like cheese, yosurt, butter, and ice cream
are staples of our diet. Milk is probably the most nutritionally-complete food that can be
found in nature. This property is important for milk, since it is the only food young mammals
consume in the nutritionally significant weeks following birth. Whole milk contains vitamins
(principally thiamine, riboflavin, pantothenic acid, and vitamins A, D, and K), minerals (calcium,
potassium, sodium, phosphorus, and trace metals), proteins (which include all the essential

amino acids), carbohydrates (chiefly lactose), and lipids (fats).

The only important elements in which milk is seriously
deficient are iron and Vitamin C. Infants are usually born with
a storage supply of iron large enough to meet their needs for

several weeks. Vitamin C is easily secured through an orange

juice supplement. The average composition of the milk of

each of several mammals is summarized in the accompanying

table.

Table 6.1 Average percentage composition of Milk from Various Mammals

Cow Human Goat Sheep Horse
Water 87.1 87.4 87.0 82.6 90.6
Protein 3.4 1.4 3.3 55 2.0
Fats 39 4.0 4.2 6.5 1.1
Carbohydrates | 4.9 7.0 4.8 4.5 5.9
Minerals 0.7 0.2 0.7 0.9 0.4
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Fats

Whole milk is an oil-water type of emulsion, containing about 4% fat dispersed as very
small (5-10 microns in diameter) globules. The globules are so small that a drop of milk
contains about a million of them. Because the fat in milk is so finely dispersed, it is digested
more easily than fat from any other source. The fat emulsion is stabilized to some extent by
complex phospholipids and proteins that are adsorbed on the surfaces of the globules.
Skimmed milk, except for lacking the fats and vitamins A and D, has approximately the same
composition as whole milk. If milk is homosgenized, its fatty content will not separate. Milk
is homogenized by forcing it through a small hole. This breaks up the fat globules and reduces

their size to about 1 to 2 microns in diameter.

Proteins

Proteins may be classified broadly in two general categories: fibrous and globular.
Globular proteins are those that tend to fold back on themselves into compact units that
approach nearly spheroidal shapes. These types of proteins do not form intermolecular
interactions between protein units (H bonds and so on) as fibrous proteins do, and they are
more easily solubilized as colloidal suspensions. There are three kinds of proteins in milk:

caseins, lactalbumins, and lactoglobulins. All are globular.

Casein is a phosphoprotein, which has phosphate groups are attached to some of the amino
acid side- chains. These are attached mainly to the hydroxyl groups of the serine and
threonine moieties. Actually, casein is a mixture of at least three similar proteins, which differ
primarily in molecular weight and amount of phosphorus they contain (number of phosphate
groups). Casein exists in milk as the calcium salt, calcium caseinate. This salt has a complex
structure. It is composed of &, ﬂ and K- caseins which form a micelle, or a solubilized unit.
Neither the a nor the ﬂcasein is soluble in milk, singly or in combination. If K casein is added
to either one, or to a combination of the two, however, the result is a casein complex that

is soluble owing to the formation of the micelle.
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A structure proposed for the casein micelle is shown on the following page. The K casein is
thought to stabilize the micelle. Since both a and [ casein are phosphoproteins, they are

precipitated by calcium ions.

o) o)

| I
PROTEIN o—1|>—o- + Ca?* — |PROTEIN o—ll)—o—Cam

0] o)

insoluble

Calcium caseinate has its isoelectric (neutrality) point at pH 4.6. Therefore, it is insoluble in
solutions of pH less than 4.6. The pH of milk is about 6. 6; therefore casein has a negative
charge at this pH and is solubilized as a salt. If acid is added to milk, the negative charges on
the outer surface of the micelle are neutralized (the phosphate groups are protonated) and

the neutral protein precipitates:
Ca’*Caseinate + 2HCL ——— > Casein + CaCl,

The calcium ions remain in solution. When milk sours, lactic acid is produced by bacterial
action (see below), and the consequent lowering of the pH causes the same clotting reaction.

The isolation of casein from milk will be carried out in this experiment.

The casein in milk can also be clotted by the action of an enzyme called rennin. Rennin is
found in the fourth stomach of young calves. However, both the nature of the clot and the
mechanism of clotting differ when rennin is used. The clot formed using rennin, calcium

paracaseinate, contains calcium.

Ca**Caseinate + rennin ———> Ca2+Paracaseina‘tei + a small peptide

Rennin is a hydrolytic enzyme (peptidase) and acts specifically to cleave peptide bonds
between phenylalanine and methionine residues. It attacks the K casein, breaking the peptide
chain so as to release a small segment of it. This destroys the water-solubilizing surface of
the K casein, which protects the inner o and [ caseins and causes the entire micelle to

precipitate as calcium paracaseinate. Milk can be decalcified by treatment with oxalate ion,
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which forms an insoluble calcium salt. If the calcium ions are removed from milk, a clot will

not be formed when the milk is treated with rennin.

The clot, or curd, formed by the action of rennin is sold commercially as cottage cheese.
The liquid remaining is called the whey. The curd can also be used in producing various
types of cheese. It is washed, pressed to remove any excess whey, and chopped. After this
treatment, it is melted, hardened and ground. The ground curd is then salted, pressed into
molds, and set aside to age.
CARBOHYDRATES

When the fats and the proteins have been removed from milk, the carbohydrates
remain, as they are soluble in aqueous solution. The main carbohydrate in milk is lactose.
Lactose, a disaccharide, is the only carbohydrate that mammals synthesize. It is synthesized

in the mammary glands. Hydrolyzed, it yields one molecule of D-glucose and one of D-

galactose.
OH CHOZOH OH CH,OH
o o}
T HO OH HO OH
OHT ? OH onSH2
OH OH

Lactose Glucose Galactose

Lactose is an example of a disaccharide. It is made up of two sugar molecules: galactose
and slucose. In the following structures, the galactose portion is on the left and glucose is

on the right. Galactose is bonded through an acetal linkage to glucose

OH CHZOI—Ii/—\\
HO o OH/ OH CHOH
g o . ; HO o [0} ; y '
CH OH N/ >  H
OHL 2 ey du, ©  HO on| !

N H I
A o OH ‘\OH
-Lactose .’
CH,0OH
OH 2
HO o OH ﬂ Free Aldehyde
—_—
4 o HO OHCHO
OH —
Lactose OH CHZOH . -, OH CHOH  _
Aldehyde Form Howoﬁ%o: Howo o
o} na o <
HO OH \ / CH HO oH|
ontt VH OHT 2 o
OH OH v
B -Lactose
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Notice that the glucose portion can exist in one of two isomeric hemiacetal structures: a-
lactose and [ lactose. Glucose can also exist in a free aldehyde form. This aldehyde form
(open form) is an intermediate in the equilibration (interconversion) of a and S -lactose. Very
little of this free aldehyde form exists in the equilibrium mixture. The isomeric o and [+
lactose are diastereomers because they differ in the configuration at one carbon atom, called

the anomeric carbon atom.

The sugar & -lactose is easily obtainable by crystallization from a water-ethanol mixture at
room temperature. On the other hand, ﬂlactose must be obtained by a more difficult
process, which involves crystallization from a concentrated solution of lactose at
temperatures about 93.5°C . In the present experiment, a-lactose is isolated by the simpler
experimental procedure indicated above. - Lactose undergoes numerous interesting
reactions. First, a-lactose interconverts, via the free aldehyde form, to a large extent, to the
[-isomer in aqueous solution. This causes a change in the rotation of polarized light from
+92.60° to +52.30° with increasing time. The process that causes the change in optical

rotation with time is called mutarotation.
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Procedures

Part I: Isolation of Lactose

1. Weigh out 5.00 g of non-fat powdered milk. Dissolve the milk in 100 mL of warm
water in a 250mL beaker.

2. Heat the milk solution to 40 °C.

3. Slowly drop 6 mL of 10% Acetic Acid to precipitate out the Casein, and stir the
mixture slowly and briefly. Avoid adding excess Acetic Acid. Work the Casein into a mass
and remove it with a stirring rod or spoon.

4. Decant the solution and Filter with cotton wool.

5. Add 1.25 g of powdered Calcium Carbonate. Stir the mixture thoroughly

6. Heat the mixture almost to boiling for about 10 minutes; stirring continuously. This
should precipitate the remaining proteins.

7. Filter the hot mixture with cotton wool, collecting the filtrate in a 250mL beaker.

8. Stir the filtrate continuously while boiling it down to about 7.5 mL, and then add 50
mL of 95% Ethanol.

9. Filter the warm Ethanol solution with vacuum, collecting the filtrate in a 125mL
Erlenmeyer flask. Stopper the flask and place it in your lab drawer until the next lab period.

10. Filter off the crystals of Lactose. Allow them to dry. Weigh the crystals.

11. Compare your percentage recovery of Lactose with the percentage carbohydrate

as reported on the nutritional label of the powdered milk you used.
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Experiment 10:

Lipid; Biodiesel; Saponification

Fats and oils are the principle stored forms of energy in many organisms. They are highly
reduced compounds and are derivatives of fatty acids. Fatty acids are carboxylic acids with
hydrocarbon chains of 4 to 36 carbons, they can be saturated or unsaturated. The simplest
lipids constructed from fatty acids are triacylglycerols or triglycerides. Triacylglycerols are
composed of three fatty acids each in ester linkage with a single glycerol. Since the polar
hydroxyls of glycerol and the polar carboxylates of the fatty acids are bound in ester linkages,

triacyl glycerols are non-polar, hydrophobic molecules, which are insoluble in water.

o
o CHZ—OJ\/\R

. 0
CH—OH + 3R/\)kOH " . cH—0— g

CHZ_OH

‘ -HO ‘ 0
CH,-OH CHz-OJ\/\R
Glycerol Fatty acid Lipid / Fat / Oil

(Triglyceride)

Saponification is the hydrolysis of fats or oils under basic conditions to afford glycerol
and the salt of the corresponding fatty acid. Saponification literally means "soap making". It
is important to the industrial user to know the amount of free fatty acid present, since this
determines in large measure the refining loss. The amount of free fatty acid is estimated by
determining the quantity of alkali that must be added to the fat to render it neutral. This is
done by warming a known amount of the fat with strong aqueous caustic soda solution,
which converts the free fatty acid into soap. This soap is then removed and the amount of
fat remaining is then determined. The loss is estimated by subtracting this amount from the

amount of fat originally taken for the test.
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Saponification reaction

0
c‘:Hz—oJ\/\R C‘)HQ—OH o
0
KOH
CH—OJ\/\R .~ CH—OH 4 3R/\)J\O'K+

‘ o) (MeOH : H,0) ‘

CHz—oJ\/\R (3:1) CH,-OH
Lipid / Fat / Qil Glycerol Fatty acid Potassium Salt
(Triglyceride) (Soap)

The saponification number is the number of millisrams of potassium hydroxide required to

neutralize the fatty acids resulting from the complete hydrolysis of 1¢ of fat.

Saponification number = mg of KOH consumes by 1g of fat

It gives information concerning the character of the fatty acids of the fat- the longer the
carbon chain, the less acid is liberated per gram of fat hydrolyzed. It is also considered as a
measure of the average molecular weight (or chain length) of all the fatty acids present. The
long chain fatty acids found in fats have low saponification value because they have a
relatively fewer number of carboxylic functional groups per unit mass of the fat and therefore
high molecular weight. The average molecular weight (MW) of fat can calculate from the

saponification number.

The average molecular weight of fat = 3 x Saponification number

Table 10.1: the saponification number of lipids

Lipids Saponification number
Coconut oil 248-285
Palm oil 190-209
Olive oil 190-195
Soy oil 189-194
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Procedures

Saponification and titration

1. Weigh 4.0 g of fat (Sample X) in 250 mL of round-bottom flask A.
And blank (not thing) in 250 mL of round-bottom flask B.
2. Slowly add 50.0 mL of 0.5N ethanolic KOH to both the flasks

(Weigh 1.4 g of KOH dissolve in EtOH : H,O/ 3 : 1) and stir for 5 minutes.

3. Reflux and stir the solution for 30 minutes, until the solution no longer has two
separate layers.

4. Cool the flasks to room temperature

5. Add phenolphthalein indicator to both the flasks and titrate with 0.5N HCL.

6. Note down the endpoint of test (flask A) and blank (flask B).

7. Calculate the saponification value using the formula

Saponification Number 56.1 N (x-v)
(average) W

N = The concentration of HCI in normality
x = The volume of HCl in litres (blank Flask B)

v = The volume of HCl in litres (test Flask A)
W = Weight of fat (gram)

8. Compare your result with table 10.1. Explain why?

9. Show calculation of the average molecular weight (MW) of your fat.



