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Abstract

In this study, a carboxylate-based anionic surfactant SLEC-3 was prepared from coconut oil and the structure was elucidated
by using FT-IR, '"H-NMR and “C-NMR analysis. Measurements of interfacial properties such as critical micelle concentration,
static and dynamic surface tensions, emulsification index, and foam stability have shown that SLEC-3 is better in terms of
interfacial activity and more effective in lowering interfacial free energy than those of SLES, which has been widely used
as a conventional anionic surfactant in the detergent industry. Biodegradability, acute oral toxicity and dermal irritation tests
also revealed that SLEC-3 surfactant possesses excellent mildness and low toxicity, indicating the potential applicability in

detergents and cleaner products formulation.
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Scheme 1. Synthetic routes of SLEC-3 where R corresponds to C;;~Cis.
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Figure 1. Spectral data of SLEC-3; (a) "H-NMR spectrum in CDCL, (b) *C-NMR spectrum in CDCL, (¢) FT-IR spectrum.
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'H-NMR (400 MHz, CD;0D), 6 : 0.89, 3H(CH5-CHx-, t) 1.22~1.40,
18H(-CH,-CH,-, m) 1.58, 2H(-CH,-CH,-CO-, quintet, 6.8) 3.46, 2H
(-CHp-O-CHy-, t, 6.8) 3.55~3.69, 4H(-CH,-CH,-CO-, m) 3.87~3.89, 2H
(-CHp-CO-, m)

BC-NMR (400 MHz, CDCL3), &: 14.6, 23.9, 27.1~27.4, 30.6~30.8,
30.8, 33.2, 70.4~71.8, 71.2~71.8, 72.3~72.7, 177.5, 177.6, 177.7, 177.8,
177.9, 1783

'H-NMR (CD;0D)2] A}ellA] & 4= 915%0] 1.22~1.40 ppm ¥ =2
739-= SLEC-39] &712 ek, 3.55-3.69 ppm?] ¥ <t
<ol 71 EO4] proton(O-CHy)& YFERATE. B3t 3.87~3.89 ppm2
T 128A7] Aol dv)l ERE(CH,C00-)S YeRAth SLEC-3
o] A &) AHMEZME Figure 1(c)°lM 2} 2], C-H stretching band
(2850~3000 cm™), C=0-0- 7I2E2F|EA] (1600 cm’'), C-O stretch-
ing band (1100 cm™) To] Wehh= Z& gl & giich

3.2. A £

ek SLEC-3 AWM E/ A9} SLESS] ¥ wisle] uh Zugss
27y Z798toq Figure 20 WERNGlOM, o] Atz e dH7 CMC
U CMC oM THAE 7 cues Table 10 Lokt YehfQlth
Table 1°14] & 4= Ql5o] AW& 4| SLESS} SLEC-32] CMCx= 7}
7} 9.44 x 10 2.46 x 10* mol/Lo]3l o™, CMC ZAox 2] EH4d
7 emee= 22 35.82, 26.08 mN/me] it} 53], SLEC-32] CMC #t©]
SLESel vl8te] - 2 & & 4= 3l o)== SLESS} SLEC-3
B YUs & Al o] W Na' Hk] o]2(counterion)= 2Eal )
ow, B7ld oddlSAlolE S B 3ER ISR 2R
Ao EZ} AF|o|Eg} H|wate] ApAdo] 27] wiitoloh kAo
2 AAEAAL] 154 2 A5 AEE YEhl= 2 EE HLB (hy-
drophile-lipophile balance)2} 3}, 1 F27} &5
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Table 1. Summary of Physical Properties of Surfactants

ificati Solution stability®
CMC ¥ CMC* s e Emu1151ﬁce}it1 Conta(e:t Fogm . N y
MW pH (mol/L) (mN/m) (mol/m?) (A% on index’ angle’ stability (N
(%) © (%) Top Bottom
SLES 431 6.01 9.44 x 10 35.82 111 x 10°  149.12 55.72 10.73 14.16 4.72 4.68
SLEC-3 430 6.75 2.46 x 10 26.08 1.84 x 10° 90.28 54.34 36.25 0.30 6.68 6.67

* Surface tension measured at CMC. °

d Percentage of emulsion height with 1 wt% surfactant solution and n-hexadecane after 24 h. © Measured with 1 wt% surfactant concentration.

Surface excess concentration calculated using Gibbs adsorption equation.

© Area occupied per surfactant molecule at the air-water interface.
f Percentage of foam volume

decrease during 1,500 s, initially generated with 1 wt% surfactant concentration. ® Measured with 5 wt% surfactant concentration.
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Figure 2. Surface tension measurement of SLES and SLEC-3 surfactant
solutions using a Du Nouy ring tensiometer at 25 T.
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Table 10 YERASITE Table 1014 & 4= 9150] SLES ¥ SLEC-39]
s 27 111 x 10° 9 1.84 x 10° mol/m?©]3l o, 2] (2)2FE] T
St AAGAIA DA AlHelA ARk WA o & 247 149.129)
90.28 A1t Uk o7 AW TagdEe THo dew
A AAZAA A2 Aol dEstEE EoA] AHEIA
A T2t Fe5E R o] Wobkth25]. SLEC-37F Huh A%
A& Har U] wliell &9 \AG A ek AMDA L] 7 F
7Y¥3le] SLEC-37}F SLESell u]sll I"gke] Hal ¢ %ol Atk 5, SLEC-3
AABAA AL 575 Aol & o ZEshA HA =] )
the s ottt

ARl W& B2 B S48 Foto] 589 &9 AMEBAA
AL GAbel| QE AAzkA] mdste] migkehedl AQEE Ak
ok 4= qlom, o] AlAl B AR} 2 D8, SHE, AlA,

%’i T WS A B 9 AEEE AlAEelA w- Fadt

m JIN’

E Al F-elr}26,27]. wWEFA maximum bubble pressure tensiometer
Z AHgsto] s A Al SLEC-3 AlAEle] dist 52 A%
Z7stglom, ok g $18te] SLES| tEsii® 4

l-ﬂ'. o, _llN‘

oM ox K2
rulo

OH
2
]

st ® 32 A Al 3 5, 2021

—_
£
=
P4
g
=2
c
o
n
=
(1]
=
8 201
© @ 9.44E-6(molll) A 9.44E-3 (mollL)
= O 9.44E-5(mollLl) W 9.44E-2 (mol/L)
S ¥ 9.44E-4 (mollL)
[77) 0 T T T
1e+1 1e+2 1e+3 1e+4 1e+5

Surface Age (ms)
(a)

0
o

=2
o

N
o

® 246E6(molll) A 5 46E.3 (mollL)

O 246E5(molll) w 346E. (molil)
¥ 2.46E-4 (mollL)

Surface Tension (mN/m)
Y
o

1]
1e+1 1e+2 1e+3 1e+4 1e+5

Surface Age (ms)
(®)

Figure 3. Dynamic surface tension measurement at 25 C using a
maximum bubble pressure tensiometer; (a) SLES, (b) SLEC-3.
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Lekel= 218 oF 5= 9tk o)== SLES$} SLEC-3 AHEAA 2% ¢
T 07} B A wEX] orolx] AHE
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Table 2. Summary of Performance of SLEC-3 Surfactant

Biodegradability® (%)

Toxicity (LDso)’ (mg/kg)

Detergency® (%) Skin irritation score® (%)

SLEC-3 80

> 2,000 84.5

Slightly irritant

* Evaluated using an activated sludge test based on KS I ISO 7827. ® The amount of substance required to kill 50% of the test rats within 24 h. © Measured at 25 C using
an agitation/mixing type detergency tester where the artificial soil for a detergency test consists of 0.5% of carbon black, 28.3% of oleic acid, 15.6% of triolein, 2.5% of paraffin,
2.5% of squalene, 1.6% of cholesterol, 12.2% of cholesterolate, 7.0% of ceratin, 29.8% of mud on a mass basis. 4 The primary skin irritation category measured 72 h after
patch removal according to globally harmonized system of classification and labelling of chemicals (GHS).
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Figure 4. Foam stability measurement at 25 C by using Foamscan; (a) SLES, (b) SLEC-3.
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o, o]+= SLEC-37} SLES$} H]Lo}O% 7] ergAdo] B} 58-S
oJujgict. AnkH o g wHAgHo] Uk AHEIA ] 7| /o]
, ol e TS 2 AdIgAE 71E I8 Eﬁ}
6‘} | i8] s 71X 5 PA4sh] wlwolth NigE, 52
HWEGAE= 37 ?%9‘4 BN F& oA A
WA T Abzo] =3
st A= X|<&Hrh SLESY H]wated
SLEC-3 AAZ/ A7} B} ApAd] 545 287] widel SLEC-3 Al
HEAIA] G227 Al el WA (o) EHFH] SLES
Ho} 2] wliZe] 7] BEol v Ul (compact) AT 4= Sl
TH28,29]. WEbA] ApAdo] S5 st 7] o® AHE/dA
Fdo] ¥ FALE FIFY] wlel wigES A 5 9low,
7138 QP sk Ak s gnlditt
ARG A] FEHe] PAE S573t7] AAste] 25 TeolA 5 wi%
AAEA A =8NS Aol YL 6,000 min 3o A 82| S
oA AVNAEEE SANeH, o] zlolg Fa AHEdA
oMo oS UERNITE Table 10 23S Qokslgion] S
3 oFINES] AR A} > SLESS} SLEC-3 ZH7} 0.04,
0.01 YVOE AHEIA F+ & 7 vz st AeE A5t}
I #E 4 ik
SLESS} SLEC-3 AAE/dAS] 3152 Azt 2 719 5
wi% A A LR oFFEAE AREEHe] 5 min BRF 33!
of 24 h § oA Eol& SHshs WHOoRE z1Fsiglon, oA A
a3t 2 (3)& o] &3to] F3AF EIE AA3ATh Table 1914 & 5=
S150] SLES 4 SLEC-3 AlA&XdA|9] 24 h ¥ 315 42} 55.72
1 5534%% SAE oM, F AHUEGAY 3 F 27t ¢l
=3

ol & Ee BN o
o m & p2 [o
ol
)

o
W oo

_Ho

o

-

<)

b

32

3.3. Ms AIE™
3% Tt R0 EA AMEAA SLEC-39] 87 23] 9 2l
Al ¢kA 17}— St ARSI, AHE, 34 AT 549 2 I3

A= 5 s AEE *U“O}Mfﬁ% 1 AYZ Table 201 Lokslo]
UrE}LHO*E} KS I 1SO 7827¢l 713te] %71 SLEC-39] 14} A4
EE 80%9] AT E UERCH, o] A¥s= KS 1180 7827¢] &
Azt ke AHEAA S 121 AN =T 70% o731 - MA
el AR = QlE VIFEoR njFo] Hol & ATeA S
SLEC-3 A& AI7F AAl Al 48o] 7Fsdhs vl Folth

SLEC-3 AlAZA ] tst AHg 7= st FAg Aol
A1 KS M 27099 A8F] Terg-O-tometer AlEH .2 83t Az}
SLEC-32] AL 845%E SHHUTE o= 7|E AlAlell AH-= 31
oAl EARE F(sodium dodecylbenzenesulfonate) 2} 45T
ool =R A oleyl dioleylamidoamine methosulfate) 24
A A A8 Ayt Z2427F 702 W 14.7%91[24,29] 13} B w5k
SLEC-3 A& A7F -8 AHHE 71 Qe Ao ddd
/\ o]l:]_

2 Aol e SLEC-3 AR Aol gt A7 549 54 4
7}, SLEC-39] LDsoi= 2000 mgkg O Ee] Ao ellef-2of g 2
(polyoxyethylene lauryl ether) LDsy 1.19 mg/kg 2} e Al EANY

EF9| LDy 650 mgkg?} B3 W SLEC-3 AAEIA|2] HAdo] vl
$- S RS g 4= Qti24,29]. T3 SLEC-3 Al Aol gt
= 95 A= F7F Ay, okst A=A (slightly irritating)©] i S
2 ek, AR 9 AIEA Al Aol TA fle AoE 9
azl=s

M= A el ZIH 2US ARZ st = EA o]
FAdsri o, Age A gAe] Tz
T-IR, '"H-NMR % BC-NMR #2418 E3to] gholalict g3t
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= A A SLES°ﬂ Hlo}O% A o] SpataL A oluAE
SE=d a94YS & 4 St o]= SLEC-3 AlE/d A7} SLES
Az e} vwste] L &4 AL o]} vl o] & 7|1
Slon}, SLEC-3 AAEAIAZ} Bt A4l 54 7H4 Addid e
2 W2 Y AAEA FEAPL Al &4 02 aEsle] §-
ok A gz G2 A oluRE 2] wiioldt
Terg-O-tometer AW A5} SLEC 3 AAEGA el tigh Al
2y 274 A8E e A, 84.5%2] 8 AlA S vER o,
KS 11SO 782791 7|&3te] Aiales 5 12* s A3}, 80%2] 948 A4
FAEE 2 Qe Ao R FriEqley =3 AT 549 57 LDy 2
= 2000 mgkg O 7 71E AAO] AMEEE AAZAA Sl nlEto]
/o] wll-g- weky F4d HF A= B7F Ao ofsk A=Al ol
Zow UEpsTE weba] 2 ATellA] 3dst SLCE-3 A& Al=
A 24 9 ARado] 5eka AR 9 A5E 7T ]
ol AA 9 AYA] AlEe Aol TFsd Ao wE ik

z Al
2 A A AR AR S - A 9 7 A B ()
ARE 20011027, RE=A] T)2~Edo] 3788 240 AASgA] Az
71e 7MEhe] A eE ol £3Eglom, o]of TIAEH YT
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