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FE: USRI R, Rl RPN S, e ie il . B S b, e T A
Kl 7k 5 Bola IR H 1% P57 ( Ph-2UHSB il DiPh-2UHSB ), % HPLC-MS Fl ESI-MS % 7=#yiE47 1 $RAE,
BT T AR FIRIMPESE AR Bola B MR mMERE . PURIKAR S M L ZT5 BRI, FP4% Ph-2UHSB 5
AR B RRR4N ( SDBS ) L, 45T m(Ph-2UHSB) : m(SDBS)Xf Hi & Bl MERERYSEN , 455 % 8], Ph-2UHSB
5 DiPh-2UHSB MR EE <0 °C, IRAIRAHEEE (CMC) 23514 2.96 x 107 F1 1.34 x 10 mol/L, PHEHLAE
IKEER KT 4 %%, T SDBS; DiPh-2UHSB #l Ph-2UHSB 7E CMC AbRYZE TR K 1143519 37.75 Fl 34.49 mN/m,
F LS50 2.16 F10.99 pmol/m?, 4T/ MEIIEM R 0.77 F1 1.67 nm?; ZEMHEE 7 500 me/kg 7K H,
Ph-2UHSB LI 25 B3R [t DiPh-2UHSB [A] L1 9.92%, b SDBS - ke FEGR R AN 4 31 W] LE 75 18.34%5 9.02%
Ph-2UHSB 5 SDBS & it Ji 2 8L I FIERA/EFH, 7ERE ) 250 mg/kg 97K, m(Ph-2UHSB) : m(SDBS)=6 : 4
BRI MR 215 R 55, 5 84.86%, Lt Ph-2UHSB A {ii =5 8.68%, [t SDBS Zfhfdi i Er 21.37%.
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Synthesis and properties of Bola type surfactants with
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Abstract: Bola surfactants (Ph-2UHSB, DiPh-2UHSB) with different rigid hydrophobic groups were
prepared using methyl undecylenate as raw material and benzene or diphenylmethane as linking group
through reactions of Friedel-Crafts alkylation, amination as well as quaternization, and characterized by
HPLC-MS and ESI-MS. The influence of rigid groups on the surface properties, stability against hard water
and decontamination performance of Bola surfactant were analyzed, while the effects of m(Ph-2UHSB) :

m(SDBS) on the performance of the compounded surfactant between Ph-2UHSB and sodium dodecyl
benzene sulfonate (SDBS) were evaluated. The results showed that both Ph-2UHSB and DiPh-2UHSB
displayed dissolution temperatures of less than 0 °C, with critical micelle concentration (CMC) of
2.96x107° and 1.34%10°° mol/L, respectively, and hard water resistance reaching 4 level, which was better
than SDBS. The surface tension of DiPh-2UHSB and Ph-2UHSB at CMC were 37.75 and 34.49 mN/m, the
surface excess were 2.16 and 0.99 umol/m?, and the minimum molecular cross-sectional area were 0.77 and
1.67 nm?, respectively. In water with hardness of 500 mg/kg, the engine oil removal rate of Ph-2UHSB was
9.92% higher than that of DiPh-2UHSB, 18.34% and 9.02% higher than that of SDBS and sodium dodecyl
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sulfate, indicating better hard water resistance performance. The mixing of Ph-2UHSB and SDBS exhibited
synergistic effect. In water with hardness of 250 mg/kg, the mixture surfactant of Ph-2UHSB and SDBS
with m(Ph-2UHSB) : m(SDBS)=6 : 4 showed the highest decontaminate rate of 84.86%, 8.68% and
21.37% higher than that of Ph-2UHSB and SDBS, respectively.

Key words: rigid linking groups; amphoteric Bola surfactants; hard water resistance; decontamination

performance; synthesis
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TS B4 EdE 5 (LSDR, % ).
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Fig. 1 HPLC spectrum of Ph-2UHSB
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Fig.2 MS spectrum of Ph-2UHSB at 14.76 min retention time
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Fig. 3 HPLC spectrum of DiPh-2UHSB
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Table 1 Surface parameters of surfactants

S Ph-2UHSB DiPh-2UHSB SDBS
CMC/(mol/L) 2.96x107° 1.34x107° 1.36x107
yemc/(mN/m) 34.49 37.75 36.11
[/ (pmol/m?) 0.99 2.16 1.09
Apin/nm? 1.67 0.77 1.53
pcao 5.56 5.20 —
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(2.16 pmol/m?) H K ( Ph-2UHSB 4 0.99 pmol/m? ),
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Fig. 9 Foam properties of Ph-2UHSB and DiPh-2UHSB
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Fig. 10 Contact angle of Ph-2UHSB and DiPh-2UHSB at
hydrophilic interface (a~d) and hydrophobic
interface (a'~d’)

M 10 ATLLE Y, Teie &Rk A, b & mK
L, el F KNI Y KBk« DiPh-2UHSB>
Ph-2UHSB>SDS>SDBS ., #H k7K 7F 3% 7K 5 11 B 2 fh
ff (48.01°) 3! Ph-2UHSB #H1 DiPh-2UHSB iX /¥ fi
Bola 78 2% [T 14 7 7 S5 /K M 2R 1A B 2 il M (1 22.09°+
0.93°F1 26.81°+0.85°) it/NFsK, FHHEAF LI
TEEME . HEFERL 2R Ph-2UHSB 3 1 i P4 71
BT S A

A 11a “& Ph-2UHSB F1 DiPh-2UHSB X} AS[a]7i
e rFL TS 2

M 11am[ LI H, Ph-2UHSB #l DiPh-2UHSB
XF R . RO I RN A i A B KX 4 Fh AR A
M FL AT E 1% T SDB Al SDBS, {HXIHLIM K FL Ak
15%0%5 T SDB il SDBS., # W] Ph-2UHSB #1 DiPh-
2UHSB 7 2 BRALh 7 i 2 A L

& 11b >4 Ph-2UHSB # DiPh-2UHSB 5 &
I FLALRR .

80L a = SDS

= SDBS

= Ph-2UHSB
=DiPh-2UHSB

FLALIEE/ %
- N W OB U o
o S & o5 & & S

(=)

R I 2 X e o S N R 1




5510 1 PRSI, 4 NITEBT KL Bola %12 1 i 1 70 14 4 n % Mk Rk 2171 -
350 45 a
300 | ° :z I
2 250+
=
£ 200}
& 150 -
100
i N
0 sps SDBS _ Ph2UHSB DiPh-2UHSB SDS SDBS _Ph-2UHSB DiPh-2UHSB
K 11 Ph-2UHSB Fl DiPh-2UHSB fYFLILI5 %% (a) I Zg b - .
ST (b) w1 R |
Fig. 11 Emulsification index of Ph-2UHSB and DiPh- KR 6ol -
2UHSB (a) and their emulsification with liquid ﬁ .
paraffin (b) = S0r
] 40 -
M 11b BT LAE Y, 43 /K BB K /NI A7 DiPh- 30}
2UHSB>Ph-2UHSB>SDBS>SDS, # | Ph-2UHSB Tg I
I DiPh-2UHSB XA A1 7L AL T SDS A SDBS . 0 . :
o . . 3 SDS SDBS Ph-2UHSB DiPh-2UHSB
f%i}%?_‘k,‘ DiPh-2UHSB %11 Ph-ZI)JHS]‘S Xﬂﬂ@ 120 == FFK o= SDBS &= DiPh-2UTSH
%H?MZIKE W XA B i B A B LR ASOCR . X =SDS = Ph-2UHSB
ATRE S HK A 0%, BKEEK, Horr 50 100
%Eﬁﬁﬁ%%ﬂﬁ T 11 FL BB R O, 750
24 SBSESEM. mEKEREXTESHT ‘;“ﬁ 60
12a & Ph-2UHSB #1 DiPh-2UHSB f% LSDR, 40l
FITEPERI A LSDR #e/l, 65 At # e, 20l

El 12a WTLAAE 1, ML REERE IR SDS
SDBS HJ45 5% (30%F1 40% ), Bola #1154 M
%] Ph-2UHSB F1 DiPh-2UHSB f445 484k ( 10%71
25% ) W/, RHEHEWE RS TELG . WA
Ph-2UHSB [{)3% #5278 , DiPh-2UHSB [y 3% 2 3 &
T W%, Ph-2UHSB H’J%@k PETE R, 5 5B
ftF DiPh-2UHSB, X5 2 1 36 P57 55 K PE k-
s i E— B,

12b & Ph-2UHSB #1 DiPh-2UHSB A 7k
.

M 120 ATAE Y, 7E—E 858 TR E T, Bola
R T8 1% 14 77) Ph-2UHSB il DiPh-2UHSB (175 )}
PREFIE OB (HRE), i EE R NG £ SDS Al
SDBS ¥ W A MR 2, £ W Ph-2UHSB Al
DiPh-2UHSB . SDBS #il SDS A ¥ Ui i i 7K 4,
Ph-2UHSB H1 DiPh-2UHSB #ififi /K s34k 5] 70,
Bk 90555 4 2%, SDS 5 SDBS #ififi/K i iE4y
40 130, PrAEKEH S HIEE] 3 9 2 Y. X

AR R, P T 3R M R R K Sk R T

ANAS ) B fef A PSR A 4H A, T SRR Ca” R Mg
AP, 1Ak, Bola BRI TG M 5) 70 1 B TE B
A, HAEREPELr, PR B et B TR A K s Ak o

& 12¢ #1 d & Ph-2UHSB #1 DiPh-2UHSB %t A
15K K158,

B’y Fihd  WmB REW WL
Gmm E13kok 3250 mg/kg £3500 mg/kg

SD% SDBS Ph-ZLTHSB DiPh-2UHSB
b P K A 45 mL ¥ EE M 12 mmol/L ) CaCl, /KIFE 5 5 mL i
BRIy 50 g/L Ay TEE P K B BOR A 5 SR

/12 Ph-2UHSB #l DiPh-2UHSB #J LSDR (a )., $ififizk
WAy (b), XEARRGE R LG (c) FFEA R
KI5 (d)

Fig. 12 LSDR (a), hard water resistance score (b), decontamination
rate for different stains (c) and decontamination rate
in different hard water (d) of Ph-2UHSB and
DiPh-2UHSB

MIE 12¢ ATLAE T, BRALITAL, Ph-2UHSB Xf

155 275 R IE LT SDBS, i F DiPh-2UHSB.

Ph-2UHSB X #Lil1 2% {5 %4t T SDBS . A& 12d AT AL,

BE % K BF B A9 #2055, SDBS K15 R W F %A%,

Ph-2UHSB HI DiPh-2UHSB {3 {f- R i 2535 % .

2K B B 500 mg/kg B, Ph-2UHSB T AR N 1 g/L



© 2172 ¢

M 4m 4 T FINE CHEMICALS

42

W, 275%K 77.56%, DiPh-2UHSB [ £75% N
67.64%, SDBS 21558 59.22%, SDS W AT5% A
68.54%, H:H, Ph-2UHSB HyZ=75% [t SDBS [l E
18.34%, Lt SDS [f] kb %5 9.02%, Lt DiPh-2UHSB Jv)
RS 9.92%, M, Ph-2UHSB 7E8 SRR K 5514 L
458 FTH 1% PE 7 SDS I SDBS A B 19 2= 5 fig
25 EfEREAEMEFIHEETES

K 13a & B #7545 Ph-2UHSB/SDBS 5
WA LR . B 13a ATLLES], FEE
m(Ph-2UHSB) : m(SDBS) K, & Fic 2 it 3% 1 571
Ph-2UHSB/SDBS X i 1A A1 8 2L Ak P 2 i 38 i

3001 2

250
=200¢
+=
2150t
R
100
50 :
O 1 1

N o D o o
%Q‘Z’ S %*’w%"% S D H S
vw@%@vw@%%:»@@@@%@@&%@
‘L%Q Q,%Q QQ’Q Q,%Q Q%Q
140
b
120+
100 i 4.‘—_'& - H
'i/* =
or = SDBS

~»-Ph-2UHSB/SDBS(2 :
-+ Ph-2UHSB/SDBS(4 :
sl ~v-Ph-2UHSB/SDBS(S :

Ph-2UHSB/SDBS(6 :

ol ~Ph-2UHSB/SDBS(S :
Ph-2UHSB
0 -

200 300 400 500 600 700 800 900

SR

JKAEEE/(mg/kg)
c 250 m;
100 - 3500 mﬁé
Em750 mg/kg
80 -
&
ji’r 60
R 40
20
0

%
QVQQ’

Kl 13 HEFEEPER Ph-2UHSB/SDBS 5 i A £ 7L
FRACR (a) BHAEARFE K &4 T 6% (b)
MEFHGE (c)
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