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Supramolecular gelatorsfor selective adsorption of dyes
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Abstract: A series of quaternary ammonium salt-type gelators were designed and synthesized, and two
types of gelator with different self-assembly modes could be obtained only by quaternary alkyl side chain
length modulation. The self-assembly patterns of toluene xerogels were then investigated by FTIR and
XRD. The results showed that two xerogels synthesized had opposite surface Zeta potentials and achieved
selective adsorption of anionic and cationic dyes through electrostatic interaction. In binary anionic-cationic
mixed dye agqueous solutions, the xerogel with negative surface charges preferentially captured cationic
dyes, while that with positive surface charges preferred anionic dyes. Furthermore, the negatively charged
xerogel exhibited excellent adsorption activity for crystal violet, with an equilibrium adsorption capacity up
to 1313.16 mg/g in ~60 min. The dye selectivity of modified melamine sponge, synthesized via loading the
gdators on the surface of melamine sponge skeleton, was consistent with that of the xerogel used for modification.
Moreover, the dye adsorption capacities of the modified melamine sponge were al significantly improved
in comparison to those of the xerogels, especially that for crystal violet reached up to 2488.22 mg/g.

Key words. quaternary ammonium salt-type gelators; selective adsorption; surface modification; dyes; water
treatment technology
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X- =0: §0 SL-Jn
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BRI SL-J8, HiH4 101.5~102.3 °C. BiRi%L
AT . *THNMR (500 MHz, DMSO-dq), d: 7.52 (t, J=
6.2 Hz, 1H), 7.31 (d, J = 1.7 Hz, 1H), 7.27 (dd, J=
7.6. 2.0 Hz, 1H), 7.13 (d, J= 7.8 Hz, 1H), 5.58 (s, 1H),
4,73 (dd, J= 7.1, 5.0 Hz, 2H), 4.49 (t, J= 5.7 Hz, 1H),
4.36 (d, J = 1.7 Hz, 1H), 3.99 (dt, J = 7.7. 1.5 Hz, 1H),
3.76 (dd, J = 8.7, 1.3 Hz, 1H), 3.66 (s, 1H), 3.56 (ddd,
J=11.0. 5.8, 2.8 Hz, 1H), 3.42 (dt, J= 11.1. 5.5 Hz,
1H), 3.31~3.10 (m, 6H), 2.96 (s, 6H), 2.23 (d, J =
8.5 Hz, 6H), 1.91~1.75 (m, 2H), 1.61 (d, J= 7.6 Hz,
2H), 1.46 (q, J= 6.6 Hz, 2H), 1.24 (d, J = 1.5 Hz, 28H),
0.85 (td, J= 7.0, 3.8 Hz, 6H); *CNMR (126 MHz,
DMSO-de), d: 169.60, 137.39, 136.34, 136.24, 129.57,
128.31, 124.71, 100.45, 80.84, 79.75, 69.80, 66.14,
63.66, 63.20, 63.16, 61.75, 35.91, 32.01, 31.90, 29.78,
29.74, 29.50, 29.44, 29.24, 29.19, 26.55, 26.25, 23.28,
22.81, 22.77, 22.37, 20.13, 19.93, 14.68, MS, m/Z:
[CaoH7aN,SOo+Nal I3 Bl 797.4998; X {E
797.4930,

HEIEF) SL-J16 ¥4 1A 118.5~119.6 °C, HZREEL
JE40F . tHNMR (500 MHz, DMSO-dg), 6: 7.52 (t, J =
6.3 Hz, 1H), 7.33~7.26 (m, 2H), 7.13 (d, J= 7.9 Hz,
1H), 5.58 (s, 1H), 4.76~4.70 (m, 2H), 4.48 (t, J=
5.8 Hz, 1H), 4.36 (s, 1H), 3.99 (dd, J= 8.5. 2.4 Hz,
1H), 3.76 (d, J = 8.7 Hz, 1H), 3.66 (s, 1H), 3.59~3.54
(m, 1H), 3.42 (dt, J = 11.2, 5.7 Hz, 1H), 3.31~3.09 (m,
6H), 2.96 (s, 6H), 2.23 (d, J = 8.9 Hz, 6H), 1.91~1.76
(m, 2H), 1.67~1.57 (m, 2H), 1.47 (q, J= 7.0 Hz, 2H),
1.24 (d, J = 3.9 Hz, 44H), 0.85 (t, J= 7.0 Hz, 6H);
BCNMR (126 MHz, DMSO-dg), : 169.59, 137.38,
136.33, 136.24, 129.56, 128.31, 124.72, 100.45, 80.84,

79.74, 69.79, 66.13, 63.64, 63.20, 61.73, 50.74, 35.90,
32.01, 29.78, 29.61, 29.51, 29.44, 29.43, 29.26, 26.56,

26.25, 23.28, 22.82, 22.38, 20.13, 19.93, 14.68, MS,
mlZ: [CagHooN2SNaO,o+Na] 5 & 909.6198; il
RME A 909.6145,
122 B Z R AR HER B &

B =REMELS (MS) VI 1 em® A7 71k,
FHZEMR/K RN TCIK 2 BERE 75 VU SR T EAE 60 °C T

F 24 h, £ H o a4 R IR A SO R R R A
MS B4 T BRI 3 5P, &R 2 B i R AE
R B R 2 g/l i), MS b B EE I Y
5o BTLL, DA BT i B ok il 4 itk — SRR g 4
4 SL-dn HERSHIFNF BEAE 65 °CF Rt £ il i i
R 2 g/l BT, B 10 BeE AR FRA) MS A ]
50 mL IZIEWT, 76 65 °CF indAdit sk 45 min JFEGH
FE60 °CF T4 12 h, 153 2]kt = R F ML SMS-n,
FriE, 1ecm®*MS 1138 2.01 mg B EEREH] .
1.3 LA WR RS R 1AL

FTIR M3k R KBr JE R ¥R 34T T
FTIR M, J8GH . 4000~400 cm™, XRD izt
5 HEAE Cu, K 0.2°, L 20=2°~27°,
20 mg BERSRIINAZIZEA 1 mL KR (2800
KL HZR 2R XTTHIZE D K . DMSO., HIE
sECkE) MiRE S, AR EER, 1F
180 B A ST A YR AR T 2 A oA 1 TR 2 B R
BRCHEE L o
1.4 Frug B K30
1.4.1 AR b 209 &4

38 2 58 A0 - AT D430 o BE I E YR TR T
B, CV. R6G. AR87. MO [44h-1] I K
W2 R K43 912k 584, 526, 516. 464 nm. CV [
FrufEh £ . BCl— R0 Bk BEBR A 20, 40, 60,
80 il 100 mg/L MIbRAER , FHER4b-1] WL -3 21 55
TG EE TN PR IR WG, AT IR 3 O
Asbr (mg/L ). e KW AT K i X6 I ) TR ' B A A
ABRALA H CV RYbRHEZE . R6G. AR87 L MO
AR ET Ze B IR 22, UG T A A i ith £ L3R
1, x NFREWEE (mg/L), y HWIGHE,

K1 AFGORHA bR £
Tablel Standard curves of different dyes

et} bt 2

cv »=0.00479x—3.18%x107, R?>=0.99967
R6G »=0.01444x+5.261x107, R*=0.99814
ARS87 »=0.00998x+3.23x107%, R?=0.99999
MO »=0.0073x+1.73x107%, R>=1.00000

1.4.2  FH6h R BB M

56 5 3 Ao A O S5 M ) B R RS (20 mg B
JBRITE 1 mL R R W R R =R ) 17
50 °CF 14 72 h il A5, K BH S Yokb 4 BB L
11 BCHNR A GBI, Gk B R
50 mg/L . ¥ 5 mg T#EH IR A 5 mL JLRHz i
12 h, KRS P GRK R TG, BT R
FFUOCREI . P Gk Bt S ge ) B 417 3 411
ATICEe R LA EA5 . IR TR (1) #HT .
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RI1%=20"Pe 100 (1)
£o

s R AWME, %; poFil pe 735l AW H He okt
) 46 o o v B R R I B~ B A VR B, mgl/L
1.43 AR M 3h A 5wl
BO il AL bn B vk B 2 o/l mYeRhA W (R AR
WREERBR), ¥ 5 mg THEKE T 5 mL LR
W, g B — i B[R] L 3R VR R — A U DU
W SCRE, THAM M PR Y g (mglg ),
X (2) #TitaE
e:(po_pe)V (2)
M
e po Bl pe 73 I R WG YR B 46 B vk B A
W B I B B R B, mg/L s VONTE AR, L
M AT ER R, g.
1.4.4  FHt04 T 4R 2 m 9K
73 5% 5 mg 8 RN 171 2K 20 mig #E RS 1) — R
FHGHE T 5 mL JiEk A 2 o/L B4 RHA
h, #E 12 h, WEAOGEE, IR N

2 H#HR5E

21 EERMERE
B HTINAR- HREWT I 1 B ] o (Y BRI AE 9
PR R R A BERVERE, Z5RIIESR 24,

2 BRI In R SL-dn %R ERE
Table 2 Gelation properties of gelators Jn and SL-Jn

B
J8 SL-J8 Ji6 SL-J16

ZEIK S I S I
* I TG I TG

(0.83, 70.1) (0.55, 71.3)
o I TG I TG

(0.73, 80.1) (0.45, 82.3)
it = 2 I TG I TG

(1.09, 89.1) (0.59, 93.6)
e o S TG S TG

(1.82, 103.5) (1.90, 104.3)
DMSO S S S (S
i S S S S

ECkE I I I I

e | FRAE; SRR TG Fmn L BB, 5%
TR D R AR v . (B4, %) RIS AR (°C ),

H# 2 A1, SL-dn A1 Jn AT LAFER P A0 08 17
71 DM SO Ft B R B4 &) BRI AERR PR 55
B IE 0 J8 HR AN o SL-dn 7835 1 Hh R B R 47 A
JBERE ST, ATRALEAR . HOR O X ZHR LA R B ok
T Rz WBE IS , T JIn WU TGk AE D5 A PO LR - i

EEA R, In 1EK ] LUE B S MW, 1 SL-dn
FEAR AN o IX R BB T AN SO T 38 B0 1 %
fifetk, T ELRRAE T AR TERE, M TR MERE . P RE
ST T R AR B B 5 ARSI T 5
SR , oA A L 70 P B 25 5 4 2% W T
RAEM, BEER T BRI BT K, AT XA F K
TEFFIEVE R, SL-J16 b SL-J8 fY f M Bk fiss e i o
/Iv, SL-J16 Lt SL-J8 W EEE g 1 B 5 . X Al g il T
R A B8 ) 158 o (e 6 Je 59) T 5 v 1 5 RV ), DT+
SR BT REh S (e Sy ) BT
22 BHAEEAX#HR

BEC ) SL-J8 5 SL-J16 7E 5 IRiaHh R B
R EEIEPERE , T LAXT SL-J8 5 SL-J16 1 [ 2H A
KT TR . HIRFEEERSIE L) FEIK B 7, Xf
SL-J8 Dk J SL-J16 & A AR DL I R TEERE (14
BN 2% ) 9847 T FTIR P, Z5 5001 1 s .

a A — SL-J8 ¥
B —SL-J8 ¥R

/
3373 ~~2853
B 203

/
1654 154

/ /
3379 1659 1553
2924 285i4 1 1 1
3500 3000 2500 2000 1500 1000 500
PFE/em™
b A_—SL-J16 TEIR

B — SL-J16 #A A

W
3372 N\ 1643 1551

/ 2851 B

1646 1554
2853

3500 3000 2500 2000 1500 1000 500
W /cm™

K1 SL-J3815 SL-J16 #iR LI K TEERAY FTIR 35
Fig. 1 FTIR spectra of powders and xerogels of SL-J8 and
SL-J16

M 1 ATLAWELR], SL-J8 (SL-J16) ¥ AK1E
3379 cm™ (3387 cm™) AbH B O—H Fil N—H 4y
P& B IR s i 7E TR SL-J8 (1 SL-J16) HrAf
7 B R W 0t PRFE 3373 em (3372 emt) 4k, SL-J8

( SL-J16 ) ¥y o B HEI4AHT 1 1659 il 1553 cmi( 1646
11554 cmit) A, T TR KR 4 R WA HE B
1654 F1 1548 cm™ (1643 F1 1551 cmt) b, k% d
LB, 2 P BER) O—H (N—H ) LUK Ik icIgs 1)
WS RR R AR T a8, BT AAEEH, AT LIEEIRIE
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) RS ) > — Sk E Y, SL-J8 (SL-J16)
KR b CH AN R A 45 i 20 FOG) iR e 248 41 s W g
HPIAE 2924 F1 2854 cmi (2922 i1 2853 cmit) 4k, i
T TBEIBE AR (i H BLE 2923 i 2853 emit (12920
12851 cmit) Ab, VI bR EE 2 [ AE A T A A
o MEITAERT A, rr AR B A 4
Bt R E R 2

X} SL-J8 il SL-J16 T#E/KiE4T T XRD 434,
PRI BEC N o F I HERU R, 25 R 2 i

SL-J16 THEH
18.33
6.11 12.68 AN
\
SL-J8 TR/
8.63 17.10 24.89
. \ 4.
5 10 15 20 25
20/(°)

/2 SL-J8 DL SL-J16 T#E/CAHY XRD A
Fig. 2 XRD patterns of SL-J8 and SL-J16 xerogels

fIE 2 A1, SL-J8 il SL-J16 HI 4 Tt i 43 5]
1E 20=8.63°.17.10° .24.89°1J }% 6.11° .12.68° .18.33°
AhA B 3 A, Gl fmPikg AR TTRL, T4 A

o
2 M Os5.0 AN A A A~
a ' N oS N O
O

~

|
™A

A FRIHEAEH é\&

[ 40 508 10.19, 5.18, 3.57 LI M 14.46, 6.98.
4.83nm, HIWEWEE 1: U2 : U3, EWASTHE
ARMERR, J2 B BE> 514 10.19 F1 14.46 nm?®

A RE Zeta HLA, FIHD SL-J8 THEICY Zeta
i h—26.7mV, R R T AT ; 07 SL-J16 |-
JBE ) Zeta B A +44.6 mV, FRIHH A IEHLfT .

H4E X SL-J8 Al SL-J16 T BEfi i il #r, 12
T —F SL-J8 Fil SL-J16 75 A ] i 14 2H A
A, HRWME 3R, mE 30[H, 7 O—H LK
N—H #4 (Eddbik ) fil C=0 o (A2 1K)
Z I RS F i A, MARRIR IR Z 0] Fe A - HE
TR, XPARNIR SN S1{d SL-dn 7 T 2H 2590 1l — 4k 27 4k
— A 21 Y38 o e FEAM G R AL (Y e A Ty ik — 2P g S
TERZAREF HE A, NI B = 24 X 265 245 #4055 75
T FH A SR . Hor, thF SL-J16 fY0EE
A 16 Mk, b e s ER ER AR B B P R B EE K, [
I, e e fER I E MR T, SL-J16 By ke
i 2K~ — g S B R AR B 25 1 % sl o
11 BH B TR R AR BRI ) SL-J16 £F4E s 1w, M T
B Fe A IEHLfT o 1 SL-J8 UM BE{UA 8 Mk,
o e A R AR BH B T B . T DATE AR LA
B A SL-38 o M4 R 4 F + — b LR TR AR
BF 5 70 B 00 o LR B 2 4 R e B R SL-J8
AR R, M LR 1w A LA

e
IR |

TR A

A

it N
UL R
R

' *le

g 1R AR N
HEFER

Kl 3 SL-J8 (a) Fl SL-J16 (b)) #HEMHIFEH 48 i [ 41 B AR Al
Fig. 3 Self-assembly models of gelators SL-J8 (a) and SL-J16 (b) in toluene

2.3 T EEXTBABE B FiR A e i IR Bt
M Zeta LA ZE S, o LIHEDN SL-J8 ¢

JE T LA 5 TR B Y b K 5 8 r 4 AR BH B - ekt
1M SL-J16 &k a] A S AR B 25 7 9wkt ik B
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X — kL, S ZInE R IR A Gk RO —
B 58 B Xt B BH B 1 ke 1) MR R 32 %% A1 v e
J1o AHIIC R YRR AT S A B E AR L, R
SE A AT DL 4300 BE 1 AT DL L M VR S kLK
WP gRR AL, AR AN 4 TR

0.6
a —— CV+ARSTKIFH
05 —— SL-J8W[ftfE
’ —— SL-J16W& [ i
i 0.4 CV+ARS7 SL-18 SL-116
o3 ‘ o i
0.2
0.1
0 . . . .
400 500 600 700 800
P /nm
04y VMO
—— SL-J8WfftE
| —— SL-J16WK [ /E

0.3 CV+MO SL-18 SL-J16)
i e B
3202 -
=

0.1

0 : ; :
300 400 500 600 700 800
P/nm
0.7
¢ —— R6GH+ARS7T/KIAW
0.6 - —— SL-J8IEMIE
—— SL-J16W [/

0.5 R6G+ARS] SL-J8_ SL-J16
0.4 pr S
=03

0.2

0.1

0 : . ; y
400 500 600 700 800
P /mm
0.12
d —__ R6G+MOKIER
010} —— SL-J8W s
’ —— SL-T16ME /5
0.08 R6G+MO; SL-8
i
3R 0.06 -
=
0.04 -
0.02
0 -
300 400 500 600 700 800

P /nm
a—CV+AR87; b—CV+MO; c—R6G+AR87; d—R6G+MO
] 4 TSEEEHR& ekl UV-Vis IO %
Fig. 4 UV-Vis spectra of mixed dyes adsorbed by xerogels

M & damf %1, 7EJ5G CV Ml ARST TR & 7K

Wk, LHNROEREAAE CV (584 nm) il ARS7
(516 nm) PHAMFRAFIE . 20t SL-J8 Wefftfe, nl &k
B CV By IBCREIEE (584 nm) JHk, HIRG
Yk (A8 Sk A R BH B T ekl ARST IS T
255t SL-J16 e 5, ARS7 BY4RHiFIE (516 nm)
R, IRAUREBEAA ST, TEHRAN
TICIR A Y RA T R R H PR E A2 R 1 5 R SL-J8
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