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EXPERIMENT 3: ALCOHOLS AND PHENOLS

Classification and Tests

gt § = L ALCOHOLS

CW’"‘WL - Alcohols are classified as primary, secondary and tertiary according to the
i
or 006( number of alkyl groups directly attached to the carbinol carbon.
AX
gJ,\\ﬁfo‘\ ‘390\’(\'\’
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| |
OH OH OH
primary secondary tertiary

Reactions of alcohols involve the breaking of either of two bonds: the O- H
bond as in reactions with bases and esterification reactions, or the C-OH
bond leading to dehydration and substitution reactions. In breaking the C-
OH bond, protonation of the -OH group is essential to convertit from
apoor leaving group to a better one.

Some physical and chemical properties of alcohols are examined in the

following tests.

EXPERIMENTAL

Glassware: 4 Test tubes.

Chemicals: 1 mL each of: ethanol,1-butanol, 2-butanol, 2-
MATERIALS methyl-2-propanol,  ethylene  glycol,, sodium  metal,
NEEDED phenolphthalein indicator, 15 mL potassium dichromate (1%),
0.5 mL sulfuric acid, 6.0 mL Lucas reagent, 15 mL iodoform
reagent, 6 mL NaOH (10%),

& 3 (D Solubility in Water
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PROCEDURE

Glassware: 4 test tubes
The following alcohols to be tested: 1- butanol, ethanol, ethylene
glycol, or 2-methyl-2-propanol.

@ Acid Properties of @/I

In each test tube, add 10 drops of one of the alcohols to be tested.
Add 2 mL of water to each test tube.

Shake very well.

Record your observations and result.

D=

1&
Can ghew acdic o P

Alcohols react with metallic sodium with the evolution of hydrogen. The

relative acidities of alcohols and consequently their relative rates of
- relative rale

reaction with sodium are in the order:

rimary > secondary> tertiary.
p Yy Yy W_)’

JR—OH + 2Na — = 2RO"Na’ (}E )

A\ ko 0¥E N

PROCEDURE

b -\A& o
?M"}A—_ ,aq,a-“"r K

Glassware: 3 test tubes
The following alcohols to be tested: 1- butanol, 2-butanol, or 2-

methyl-2-propanol.

In each test tube, place a small piece of sodium.

Add 2 mL of one of the alcohols to be tested.

Add (up to 10 drops) of concentrated sulfuric acid.

Shake.

Compare the rates of evolution of hydrogen gas and record your

results.

6. After all the sodium has reacted in the test tube containing the 1-
butanol, add 3 drops of phenolphthalein indicator solution and observe
the color change.

7. Record your observations and result.

nhBb=
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@ Chromic Acid Oxidation of Alcohols
Primary and secondary alcohols are oxidized by chromic acid to the
corresponding carboxylic acids and ketones respectively. Tertiary alcohols
are-generally unreactiveunder-similar-conditions. When alcohols are
oxidized, they reduce chromium (VI) to Cr (III)'changing the color of the
solution from orange to green. Oxidation therefore offers a method for

distinguishing primary and secondary alcohols from tertiary alcohols.

r e

80, M I -

K.Cr,0;7 + R—CH;OH » R—C—OH + Cr

/7

2 H>SOq4 I 3t

KoCrO7  + R— (|jHOH = R—C—R + Cr

R

(orange) (green)

PROCEDURE

Glassware: 3 test tubes
The following alcohols to be tested: 1- butanol, 2-butanol, or 2-
methyl-2-propanol.

8. In each test tube, place 5 mL of Chromic Acid Reagent (1%
potassium dichromate solution).

9. Add (up to 10 drops) of concentrated sulfuric acid.

10. Mix thoroughly and add 2 drops of one of the alcohol to be tested and
shake.

11.Record your observations and result.

Positive results 2 Green solution will be formed.

4. The Lucas Test

A solution of zinc chloride in concentrated hydrochloric acid (lzueas

a—

reagent) can be used to distinguish between primary, secondary and tertiary

alcohols.
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With this reagent the order of reactivity is typical of compounds reacting
by the Sy1 mechanism. The zinc chloride (a Lewis acid) assists in breaking

the C-OH bond as illustrated in the equation below:
- o —

b
R7[OH + ZnCl, =—= R

Alcohols (of no more than six carbons) are soluble in the Lucas reagent

—of
while the corresponding alkyl ch{l{ rldes are_not. @e_r_tlﬂrjalcohom)Z R-C

| rapidly pvith the reagent forming an insoluble alkyl chloride layer almost
immediately( Secondag alcohols react within_5-10 minutes, while primary
alcohols require several hours to react at room temperature (SN2
mechanism).
PROCEDURE
Glassware: 3 test tubes
/ N The following alcohols to be tested: 1- butanol, 2-butanol, or 2-
F ‘ \}‘s. methyl-2-propanol.
&Z«,s.:é} 1. Ineach test tube, place 2 mL of Lucas' reagent
2. Add 6 drops of one of the alcohols to be tested.
3. Close the tubes with a piece of parafilm and shake well.
4. Ifno change occurs immediately, then place in water bath at (100°C) for 5-13
minutes.
I 5. Record your observations and result.
Positive results > White to cloudy mixture (immediately with 3°
alcohols & within 5-10 min with 2° alcohols)
The lodoform Test
) w\e\ A/‘ is is a test for methyl carbinols having the structure CH3CHOH- and methyl
[
1 X ,7 ketones (CH3CO-).Nethyl carbino_ls, are first oxidized by the reagent to
A
au\"ow ‘{‘ methyl ketones which becomedodinated and thencleaved by base to givea
£ \
bright yellow precipitate of iodoform. -CHs % }j al
\\“%‘oe\“ bright y ipitate ) 2+ 2nnon—y RCO~CE>
t v R-cU loH)Cts+3Ts
S leasa OH
‘p’ 0 QCJ/ I RC o- 61:3 3 i
XY ¢ CH Ty
(Y RL0e" A Ese—gy



PROCEDURE

Glassware: 3 test tubes — + —
' The following alcohols to be tested: 1- butanol, 2-butanol, or 2-
methyl-2-propanol.

In each test tube, add 3 mL of‘S%S()(lI_‘r‘_Mmmg\
Add 10 drops of one of the alcohols to be tested.

Add 5-10 drops of iodine solution (or up to 0.5 mL) gradually.
Shake very well.

Allow to stand for 3-5 minutes.
0 Record your observations and result.

Se @A

Positive results - Bright yellow precipitate 2 ’Q\ 0 H

II. PHENOLS

The most common reactions of phenolsinvolve breaking the O=H bond and

the wusual electrophilic aromatic substitution at the aromatic ring.

@rotonation of the hydroxyl group and loss of a water molecule as | in

alcohols would give a phenyl cation d difficult to

form Since the éromatia nucleus 1®dlrect attack by

‘gof‘m/

nucleophileg/as in Sylor Sn2 reactions is not possible. Consequently,

phenols do not undergo substitution of the hydroxyl group either by the

§N I or Sn2 mechaniéab

The characteristic property that differentiates phenols

acidity. Phenols are stronger acids than alcohols and react with sodium
hydroxide, whereas alcohols do not. The reason for this difference isthat

the phenoxide ion is resonance-stabilized whereas the alkoxide ion is not.
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EXPERIMENTAL

MATERIALS
NEEDED

Glassware: 4 Test tubes

Chemicals: cyclohexano

1, phenol, p-cresol,

4 mL bromine water

solution, 0.5 mL ferric
(1%), 6 mL of 10%

NaOH solution .

chloride solution

1. Acidity of Phenols

Procedure In each of three test tubes add 0.4 mL or 0.2 g of cyclohexanol,

phenol, or p-cresol. Add 1 mL of water to each tube, shake and note whether

the compound dissolves. If not add 2 mL of 10% NaOH solution and

observe the result.

2. Bromination of Phenols with Bromine Water

The hydroxyl group @ awm__@_@ds
/\/\-/\NW

clectrophilic aromatic substitution. Phenol readily forms a tribromo
MAAanas

j f’ derivative when treated with a solution of bromine-water at room

&
Y

o

temperature.

OH

+ 3Bn

OH
Br

—

Br

Br
+ 3HBr

Procedure. In a test tube introduce 1 mL of water and about 0.2 g of phenol.

Add enough bromine-water and shake until the yellow color persists.

Observe the formation of a precipitate.
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3. Ferric Chloride Test

The presence of a phenolic (or enolic group) in a compound is indicated by

the formation of a violet (or red) iron complex when treated with a ferric
—_—— T T — ——" —_— T ——

O —
3+
+ FeClzy —m = Fe
3

Glassware: 1 test tube
The following alcohols to be tested: phenol, and cyclohexanol.

chloride solution.
—_—

OH

PROCEDURE

In a test tube, place 3 mL of water.

Add 5 drops of the Unknown.

Add 1-2 drops of 1% ferric chloride solution.
Shake well and allow to stand for 1-2 minutes.
Record your observations and result.

Nk YW=

Positive results = violet solution will be formed

Useful links

Alcohols (Classification and Tests)
https://www.youtube.com/watch?v=dinNjEigxcg

Organic Chemistry Experiment: Solubility of Alcohol and Phenol
https://www.youtube.com/watch?v=1lVEmFOweV A
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EXPERIMENT 3
ALCOHOLS AND PHENOLS
Report Sheet

Name Section no:

» OBJECTIVES:

— Detrmne The Chemiod
Tdeuhify the Chomiod  properhes of the unkown
» ALCOHOLS:

properties o 5 alcohel ¢ Phenols

I.  Solubility of Alcohols in Water

Alcohol Structure Solubility
ethanol N gho v
1-butanol A~ Cé o0 X
2-methyl-2-propanol ’ /T\‘ Cyly O Ve
ethylene glycol o N\ Ceka v~

What general conclusions can you draw concerning the solubility of
alcohols in water?

 Solubility 0(//—{-{%3 % Solubsility & pumberc £ Brinches X solibiliky O yumber” o 4
Hydrory! Groub
Il.  Oxidation of Alcohols with Chromic Acid
Alcohol Result (+ or -) | Observations (color, ppt,,..)
1-butanol —+ Colow Clhang fo  Greew
2-butanol -
2-methyl-2-propanol - Mo Calo?’ Chany
ll.  Lucas Test
Alcohol Result (+ or -) | Observations (color, ppt....)
1-butanol A No iy
2-butanol A+ Clouql_y Z/ thite aflel k\m&-ing
2-methyl-2-propanol -~ Clowdy § ohite  minter




Arrange the three alcohols according to their rates of reaction with the

Lucasreagent: o _,ef hy-

2- pleopancl > Z—Bu,/uuol > I- Bufanel

j _ 2 aleshsl - aleowsl
-3ale “‘J - 5-10 mik _jake Sever!
" lmmedia With heaking hours

IV. lodoform Test

2 akows! % oMol =>Givet) yesult

Alcohol Result (+ or -) | Observations (color, ppt,..)
1-butanol — /J,(-pu@
2-butanol + Briy ht gellow ppt
2-methyl-2-propanol _ Notwing
» PHENOLS
.  Ferric Chloride Test
Alcohol Result (+ or -) | Observations (color, ppt,..)
ellaelp
Cyclohexanol e
Phenol + Violet colov”
» Unknown Alcohol Determination:
BAecordineg & Yol unkadin
Unknown ID:
Test used Observation Result
Chromic Acid Oxidation
Lucas Test
lodoform test
Ferric Chloride

o Based on your results, what is your unknown alcohol type?

o Draw the expected alcohol structure of your alcohol showing the main

function group:



