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Abstract: Our study is aimed at proposal of systematic verification method of molecular
structure using measuring method of selective ionic determination and spectrometry on 34
kinds of surfactants such as sodium dodecy! sulfate(SDS) which are most widely used
today. In the IR spectrum, unsaturated fatty acids reveal themselves by HC= at 3000~
3020cm”’, and intensity of 720cm’ depends on carbon length of alkyl group. Also ethylene
oxide(EO) adducts exhibit weak characteristic bands by -CH,-CH,-O at 1350, 1100 and
950cm™’. Isethionate can be distinguished from diester succinate by intensity ratio of 1740
and 1200cm™ spectrums, the ratio of latter is close to 1 due to 2 carboxylate radical in
diester succinate. Quaternary ammonium salts exhibit characteristic band of C4N’ at
1000-900cm™. In the case of dialkyl dimethyl ammonium salts in quaternary ammonium
surfactants, the spectrum of 3000cm’ by N-CHj; collapses to a very weak band at
3020cm™. In ammonium heterocyclic derivatives , pyridinium salts show characteristic
bands at 1640 and 1460cm™, while imidazolinium salts exhibit characteristic band at
1620-1610cm ™. In the characteristic spectrum at 1080-1050cm™ on OH radicals of the alkyl
esters, primary alcohol appears as weak band and the 2 bands show in almost same
intensity when primary and secondary alcohols exist together in one molecule. Also, alkyl
ester of polyhydric alcohols appears as various broad band.

Keywords : surfactant, functional group, ionic property, infrared absorption,
spectroscopic method.
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Table 1.

L

ist of Surfactants

3 ol ¢ AREIAY ¥4 3

e i 55
1 anion _ |soap household goods
. soap, detergents, hair shampoos, body shampoos and
2 " acyl sarcosinate bathing material
3 ” alkyl sulfonate detergent raw material
_ biologically degradable surfactant for detergents and
4 ! a-olefinsulfonate chemical-technical industry
5 ” aminosulfonate liquid and creamy shampoos, foam and shower baths as
(tauride) :well as face-cleaning creams
6 " ester sulfonate (isethionate) |syndet soaps
" alkyl sulfo carboxy acid wetting agent for the textile. foam stabilizer and surface
ester (succinate) tension reducing agent
8 ” gghr%?:]ated alkylsulfo non-irritating high foaming surfactants for facial scrubs,
acid };ster (succinate-EO) bubble bath and mild shampoos
intense-foaming detergent raw material for washing and
9 ! alkyl sulfate cleaning agent for cosmetics
10 » alkyl ether sulfate detergent for wool
11 ” mono alkyl phosphate cleaning agents, emulsifiers
12 " linear alkylbenzene sulfonate |detergent raw material
13| cation [amine salt industrial detergents. corrosion inhibitors
14 ” uaternary ammonium salt |antistatic and softening pr ies, efficient sterilizing
aliphatic) surfactants for disinfectants. hair conditioners and rinse
15 » :h%ehgz?gammmamngg;um salt dyeing migrator, disinfectants
fabric softener, antistatic agent for fabric and hair
16 " esterquat conditioner
17 » pyridinium_salt Antielectricity, sterilizer
18 » imidazolinium salt softener for laundry
. . wetting agent and foam stablilizer in shampoos, bath
19 | ampholyte [amine oxide preparations and shave creams
. . detergent, wetting agent and thickening agent with
2 g alkyl dimethyl betaine antistatic property for cosmetic and toiletry preparations
. . detergent, wetting agent and excellent foam boosters/
2l ! alkyl amido betaine stabilizers for non-irritating shampoos and bubble bath
- : . ... |mild detergents, excellent foaming agents and foam
2 ! imidazoline betaine derivative | oot ersin shampoos. body bath and industrial cleaners
. opacifiers and pearling agents, for cream shampoos, rinses,
23| monion |glycol ester conditioners and various type of cleansers
emulsifier, stabilizer, improver, anti-sticking agent,
A ! glyceryl ester emollient, softener for food and cosmetic industry
. emulsifier, dispersants, stabilizer, improver, wetting agent
% g sorbitan ester for toothpaste and foods, various creams, cosmetic industry
. . o+ Iviscosity builder, foam stabilizer and skin—protecting agent
2% ’ fatty acid monoethanol amide for shampoos and powder detergent
Cy . detergent, low-irritating tickener and stabilizer for cosmetic
z " fatty acid diethanol amide and household cleaners
28 ” alkyl poly glycoside dish washing liquids and toiletries, cosmetics
29 ” ethoxylated fatty alcohol emulsifier, solubilizer for solvents and oils, basis for the
(unbranched) manufacture of ether sulfates, basis for rinse and cleaning agents
30 " e'ég‘::géﬁ fatty alcchol emulsifier and wetting agent for cosmetic preparations
31 " ethoxylated alkyl phenol emulsifier for the manufacture of polymer dispersious
32 " ethoxylated fatty acid ester [emulsifier
33 » ethoxylated sorbitan ester solubilizer and emulsifier
34 ” ethoxylated fatty amine emulsifier
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Table 2. Confirmatory Test of Ionic Properties
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Fig. 1. Systematic procedure for identification of surfactants.
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Table 3. Infrared Absorption Bands of Typical Commercial Detergents
Frequenpcy Band Band .
Detergent name (cm'P) shape® ; ntcngi;tyb’ Identity
1620 b s carboxylic of amide group
alkyl carboxylated 1560 s w carboxylate group
amide (sarcosinate) 1400 S m carboxylate group
725-690 s m N-CH; band
% 1220 g m hydroxy group
- vs hosphate
monoalkyl posphate 1050-980 s m g—O?C rou
group
900 b m P-O-C group
1740 s s ester group
1955 s vs methosulfate group
quaternary esterquat 1215 s vs methosulfate group
ammonium sait 1060 sh m methosulfate group
760 d S methosulfate group
580 h m
s methosuifate group
3400 b s NBE
1640 s m pyridinium ring
heterocyclic salt 1490 s m pyridinium ring
(pyridinium salt) 1180 s m ~N'CH; group
770 s m pyridinium ring
685 s m s .
pyridinium ring
3300 b m NH band (2° amide group)
1650 s m carbonyl amide
: 1615 s m imidazoline ring
imidazolinium salt 1550 b w C- NH band
1245 b s sulfate group
1220 b s sulfate group
745 b s sulfate group
alkyl dimethyl amine 1000900 b vw NO band
oxide 7 b VW NO band
alkyl propyl amido 1650-1600 d m carboxylate
betaine 1560 ] w 2amide group
3300 b m NH, OH band
imidazolinium betaine %%—1600 g s carboxylate group
s carboxylate group
1075 s m C- OH band
3400 s s -OH band )
alkyl diethanol amide 1640 s vs carbony! of amide
1040 s m -CH2OH band
-OH band
b vs
% s w -CHz band
. 2850 s w -CHz band
alkyl poly glycoside } % s VW ~CHOH band
5 vw ~CH20H band
1050-1030 b vs C-0-C of ring
3450-3350 b w -OH band
ethoxylated fatty 1380 sh vw -CHs band(perminal)
1350 s m ethylene oxide group
alcohol
1120 s vs C-0O-C band
(unbranched) 950 s w C-0-C band
720 b VW (CHy), band

a) s: sharp b broad sh: shoulder d: double
b) s: strong m: medium w: weak vs: very strong vw: very weak
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Fig. 3. FT-IR spectrum of monoethanol amide and diethanol amide.
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Fig. 4. Comparative spectrum of OH radical for alkyl esters.
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Fig. 5. NMR spectrums of ethylene glycol ester and monoglyceride poly glyceryl ester.
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