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4. How Do Soaps Work?

Soap molecules form globular aggregates in water, called micelles.
When soap is shaken with water it forms a colloidal dispersion-not a true solution.
Soaps belong to a class of substances called surfactants(A| 24 X|).
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Soap solution has unusually low surface tension.
A soap solution has more “wetting” power than plain water.

Soaps belong to a class of substances called surfactants.

Surfactants: polar end and nonpolar parts, therefore act at the surfaces where different

substances meet
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Representation of a soap molecule.
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Soap

A sodium or potassium salt of long-chain fatty acid

General formula of soap:

RCOO'Na* or RCOOK?*

Detergent

A sodium or potassium salt of alkyl sulphonic
acids or alkylbenzene sulphonic acid
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* During the preparation of detergent, a long-chain
hydrocarbon obtained from petroleum fraction is

converted into an organic acid through a series of
steps.

* The organic acid is then neutralized with sodium
hydroxide, NaOH solution to produce a detergent.
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5. Synthetic Detergents (Syndets, 4 M| A|)

Syndets are designed to work well in hard water(Ml =, Z4 4=, X|5}==) and produce neutral solutions
i i
R—C—O0O"Na* + H—OH <— R—C—OH + Na*~OH

soap

alkali
Soaps give somewhat alkaline solutions in water. Alkali can be harmful to certain fabrics.
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Synthesis of Syndet-(1)

0/0

(1) 7t=2 2olj -2 (hydrogenolysis)
(“) .
CH,(CH,),,C—0OCH,

0 HO(|:H2

copper chromite

|
CHa(CHa) oC-OCH + 6 Hy e~ 3 CHa(CHa) oCH;OH + HOCH

1-dodecanol

O (lauryl alcohol) HOCH,
| glycerol
CH;(CH,),,C—OCH, (insoluble in
glyceryl trilaurate water) (water soluble,
separable)

(2) Sulfonation
CH,(CH,),,CH,OH + HOSO,0H — CH,(CH,),,CH,0S0,0H + H,0O

lauryl alcohol sulfuric acid lauryl hydrogen sulfate
(3) Base NaOH
treatment(neutralization)
lipophilic chain O
e 7 \ I

CH3CH2CH2CH2CH2CH2CH2CH2CH2CH2CH2CH2 | O B S - O—Na+ + Hzo
(l) salt of strong acid, its
¢ , solutions are nearly neutral

sodium lauryl sulfate polar, hydrophilic end
(no precipitation with metal ions, effective in hard as well as soft water)



Synthesis of Syndet-(2)

RCHCH,R’

(1) Alkylation
RCH = CHRI e © Friedel-Crafts .
catalyst
e (2) Sulfonation

straight-chain

alkyl groups; H,S0,
total 10-14 carbons.) or SO,
REECER. RCHCH,R'’
lipophilic
part | © Na'HO~ ©
ItE pea_rly negtrtal. —_— SO, ~Na* SO,H
nionic synaet.
Y — (3) Neutralization
hydrophilic part

a sodium alkylbenzenesulfonate

= Alkyl chains have no branches so that they are fully biodegradable and don’t accumulate in the environment.

(ethylene oxide)

CH,
R CH, O(CH,CH,0),H [
\I_\'—]/ Cl_ R_N_ CH2COZ_
2% |
CH, CH, R CH,
cationic detergent neutral detergent amphoteric detergent

(R=Ci6.18) (R = C4_j53n = 5-10) (R=Cj,_15)



Example 3. Design a synthesis for the cationic detergent shown above (R = Cy4)

CH,
| +

CH3(CH2)]4CH2C1 + (CH3)3N o — CH3(CH2)]4CH2 _IT]_CHg, Cl_

CH,

Problem 5. Design a synthesis for the neutral detergent shown on the preceding page, starting with p-
octylphenol and ethylene oxide (R = Cg, n =5)

OH O—(CH,CH,0)5—H
@

/_\ (5 moles)

catalytic NaOH

CHy(CH»)gCH3 CHy(CH»)gCH3

Problem 6. Design a synthesis for the amphoteric detergent shown on the preceding page, using Sy 2.

CHg
|
CH3(CHp)14CHoN(CHg), ——— CH3(CH2)14CH2—I?I+—CH2C02H Br-
+ CHs
BrCH,COH l NaOH

T
H,O + NaBr + CH3(CH2)14CH2—I}|+—CH2CO§
CHs



