%1 i ¥ i © 9 .

B

o

uz%%’:—%%%’:—%%e
A

EEE=

BEFERREFREEHMSTELEDHN AFRER

BRAHE R R EER R B

(1. REKRF MAAFE TSR, K& 300072; 2. REFTHHALS ST S ERT, RF 300072)

8 AR R B TS K B i kR ()R R BUME N2 B R A R AN AR A TR . A
G TR 7 R JH 1 0 B L A R 2 P e DR o 280 T R R T A 00 R D i o T e Ak B R R TR R R . AR SO
SoA 48T AR T AR I PR 19 3 2R 2E AL B R N 4 42 0 T AT ) A R IR SN N o O R P
137 W3R Hrp /o 1 B K - G35 TR 2 A HLIRR M R 28 | I [8] 1 26 MR 26 A7 A W 2R 45 JF XA Bl 7 1
BRI DR A8 T 167 A 4 s B S X R 4 M B T TR 1 1) e Al TR R

KGR BEB R T MR BCBEs b s g

il

El

VT AR BB T 25 [ Tl AR K B AN W7 2 8 o A0S A 3 4 A 25 it 1) R 55 SR A 1 1 ¥ 1 A 3l
() T VR b 7K B ol 9 e o SR KR A i AR DRI B4 Al T 5 5 LRSS 5 i A
I R E TS Y IR L AN TR K Bz ek AR T A A A i 6 T X N IS R AR I AR
A7 IR BTG B S U 1K B M A e BRI R . 53 A, B 30T AR AR DR, Ml 5 KRR T 5 K
HE H 45 380 3l T 35 K Al s e 2 2 i K TS G 1Y B R PR . ST VA BRI TS G 0 5 iR R 4L
W AR kY RSy I AR AR KR B . A B RS YA — e R RS R T IRk,
WA MARAS | F BT Y s W BEE rb W Ae 1 vty ot X L IRTsc s L TR0 oAe AR 8 5 A 2 0 K 8 38 I oA I Xof
AR fift 1 0 A — S R L T LS 5 A A R Y P B AEL BIR JBU A A AS EEA  TR I e A
IR B AS b A 3LV T e € 28 WA R T A R ) B R A

JIE B 1 2 BT T AR 397 2 T e JEE R 1 Ak v 1 3k s A ity A S G R Tk . BEIRE TR AR IR B R L B
FATEFENE o B I PR 14 R 2 49 1 2 4 78 PR AR 2R o B8 J5C K] T 36 43 P e £ — R R 386 1707 53 A — AR A IR B
e JH R 328 8 B S TR R A7 3 il ¥ G b BB B o A AR AR L PR BE AU L B IR, AT I B R A R T A
[

3 5 B R 2 B2 40 SR AR S R N S T B TR R AL PR R . N TR T
MFRA WU FEE P 7 J& — AT LLd i [ 20 %<8 OB 73 5 45 1 /9 IR X 73 7 B ik & 9 (M, <
1000) . 547 g A 2H 3 e AT Chn e Bk L 2 B 55 ) 1 AH 38 M B I PR 7 — ML AT 236 Wittt /K M BB A B i 1 18 L 72
TR AR BB 3k 458 1 b 5 36 Vo AR 8 BLAH T AS S E /K AR . AR e R 1k /N 20 - B I IR 32 22 0T 43 o L TR
A NLIR M LR 28 AR [ A 2R FOE R AT AR W) 26 55 . R IR A AL KA A [ B AR 55 N o TS W)
TE il 2 b AR v 5] AT B 2 W K 1 R B T P R Y L P DTG A /N G R R DR 5 R Il AR 5O HIL
AR AN T R T 22 8] el o EURE VSRR T onen E R AR AR SR SEVE DL AE — 4 ) 1 A AL
AT AR IR IR TR MR TR A IOUE 5 ) 30 T AE B8 25 T8 B = A A S AT A A T A Y B
10. 14028/j. cnki. 1003-3726. 2017. 01. 002
W #5:2016-07-26; & B : 2016-11-21;

EE&TWHE  RAEm R 4T H (040201000 B Bl 5
“IEiLEE & A, E-mail; houxin@ tju. edu. cn.




- 10 - I A 2017 4 1 A

il L R 2R T 5K 7 B A P A 20 s o AR T A 2 I iR R s A T BB I
BENhK B H R . SRR A PR S HL 3 A A RO 26 2 /oy A B A B il T o T A PR
B35 2R B K L BE B L T L T AN BAT JB 358 il i sl MLAR B BE 77 . AR 2/ 70 B8 TH 5~ 19 B B AT 1 2R
P TGk R 00 A A5 0 2 5 g SRR IR 1 2 7 T LB BRE R S U AR O T AR B I I T A
D fof 3 5 2L 26 RIS | A P A 4RGE AR A0 0 A BIL s 1 B M PR T 2 R A e 43 i 2 T ) 4 A
WK B8 73 1 1) S0 B R T B 73 00 4% 45 4 ok T ISCBE L . S5 AT LS 20 T BE IS A A4 LE /N 2 T BRI TR T A
A i 014 5 i B AT U5 T - FSE AR 72wl s e K 2 3l o 75 % 1) I Ak B [l Wi R A R AR R T 18 55 Bk o /Ny
TBEE N T 5 A& A SR AR R 2R I LA R B OGS AR 8 PR R I DX A T 5 R A R T A R R
INGY R IR IR DRI U O 2 e AR BAS 19 A 30 48 P /N 20 U JE DR 87 S A 38 e 5 I D 1 e R 1Y
—AEETT I,

L ABsE R R T 0 K R

1.1 #HEEEN FREREF
L1.1 SEEMEMAY AR ISHE RN T 5 R 7 2 Kk B - 2 A 0 e ok e K —
Ny TR T AR 2 PR EY AL S T AR R b A B R
FEA5 Gy AT A2 AB M 5 A B K BB K 1 B 45 A8 iF T 45 3 220 ik R S AH ks BE R BRI I 7. ZE T K P AH
PR Z b A S I DR 7 T DA 5 it /KR 3 T A S ST — R A R T W B AE S — A T AR
R V5 A 0 43100 AT S B 3% 1 40 B0 /K B I . B3 TR 2 /DN 43 1 08 e TR v T e 356 R 35 =2 i) 11
HEAE R TE MO 43 7 B e i S B R . W3 A1 () A L AN S B 2 T i SV 200 T rh A E M
0 BRI, 5 1 8 A7 TR 45 5 T8 Vs, T A 4k . R AR BT EE I R P B B A — A a2 A
PG i 35 11 0 1 i 005 15 1) B A A e R JR SR

2001 4F, Bhattacharya {f 80207 LA A R RN PR &R R JELRE - 1 U A 45 HE — b G0 5 R IS R ok 38 Tk 5 i
PP CAn L 1 7R o AP AH 6 8 1 5 e DXL BT A G 68 22 36 29 ol DL 1 A7 ALV 700  JHG v A 55 R vl L A 400 vl
SR . K B K AR 28 e 3 (i NaCl, CuSO, \KMnO, ) B #4775 A 23 X i e ok #2772 A 5% i . 5 2
2 B B 3k R AR AR AV SRR R S5 AT 2 A X BRI T b g TR 2 R e R M W I PR T R L
Ub Ak . Bhattacharya &5 i — 25 AF 5% 2 W, A 2 998 P 6 Jie 1R1 7 Jise 6 114 9K 3 7 S JHL 45 g v 118 2 366 R 0k g ek 7
VI [ A2 TE B T o ) SRR SRR IR T AL T R = 4R 4 T I A5 4

(0]

ANAAAA L

COOH
1 N-A BB LN R I 0 T 45 M 7R T

Figure 1 Chemical structure of N-lauroyl-l.-alanine
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Figure 2 Chemical structures and the one step synthetic procedure of glycine-type amphiphilic compounds of P, , P, and P;
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Figure 3 (a) n-Heptane gel in an inverted gel vial; (b) inverted gel vial showing typical phase

selective gelation exposing gelled heptane layer and intact water layer
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Figure 4 Chemical structure of selective organogelators based on cinnamic acid derivatives
Darshak &V BF5E 78 WAY 18 FiA HLE G4 CInIEL 5 B 7R ) (9 A 5 26k e BE R ), 45 SR R B iy
L7 FhA LI & W AT T Il KR & 1A & v 2 1 b B B8 VR0l 0 R A BB 0 . SRR R BT TR IR R
JREHE 14y 2o i v W il KR A AR R RV 0 R B P B TR I el KRR 1) AR 2 AT I RS L R AR
SR R ) U Y 2 T R — ) BRI R SR . 7 BRE IR BB A AR R B C e Y i K A R R
WA reon SLHAERDE T — & B4 Sh1E .
ST LA BT Darshak SR SCHE— 2543 148 10 FhpgHERR R AT A 5 4 PR R0 AL &

10. 14028/j. cnki. 1003-3726. 2017. 01. 002



« 12 - =] Vi ¥ it} i 2017 £ 1 H

—COO"H;N'R; 1 (4-CICIN), X=4-CI; 2 (3-CICIN), X=3-CI
| e 3 (4-BrCIN), X=4-Br; 4 (3-BrCIN), X=3-Br
A 5 (4-MeCIN), X=4-Me; 6 (CIN), X=H
7 (2-CICIN), X=2-CI; 8 (2-BrCIN), X=2-Br
9 (3-MeCIN), X=3-Me; 10 (2-MeCIN), X=2-Me

oo N
©—ﬁ 11 (HyCIN) i?’

- +
@COO HN'R, 12 (4-CIBNZ), X=4-Cl; 13 (3-CIBNZ), X=3-Cl
A 14 2-CIBNZ), X=2-Cl; 15 (4-BrBNZ), X=4-Br
16 (3-BrBNZ), X=3-Br; 17 (2-BrBNZ), X=2-Br

18 BNZ),  X=H

5 PEERRATAEWBIAL & W T SR T A

Figure 5 Chemical structure of the cinnamic acid related compounds
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Figure 6 Chemical structure of the cinnamic acid derivative organogelators
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Figure 7 Schematic representation of the different polymorphic nanoscale interactions found in 12-HSA-pentane

and 12-HSA-acetonitrile organogels
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Figure 9 Molecular structures of three kinds of organogelators based on cholesteryl derivatives
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Schematic representation of the synthesis of cholesterol-based compounds
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Figure 11  Molecular structures of cyanostilbene amide derivatives 1 and 2
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Figure 12 Phase-selective gelation (Compound 2 in figure 9) of aromatic solvents and chloroform in the

presence of water by the heat-to-cool method. From left to right: toluene, p-xylene, xylene, mesitylene,

p-chlorotoluene, chlorobenzene, bromobenzene, 1,2-dichlorobenzene, and chloroform
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Figure 13 Synthetic route of two f-glycosides of N-acetyl glucosamine (2 and 3) and their chemical structures
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Figure 14 Selective gelation of the diesel layer in a biphasic mixture of diesel and water at room temperature;
(1) mixture of 2ml water and 0. 8mL diesel, (2) instantaneous selective gelation of the diesel layer after addition of the
gelator 2 and the diesel gel floating on water, (3) within 45s the gel holding up its own weight plus the weight of

water in the inverted vial, (4) scooped organogel in spatula, (5) scooped diesel gel taken in a round bottom flask, and

(6) the diesel collected in a round bottom flask after distillation
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Figure 15 Synthesis of the glucose-based compounds
(1) p-Tolualdehyde/benzaldehyde, zinc chloride, N,, room temperature, 6h, 73~82.5%; (2) R,COOH,
DCC, DMAP, CH,Cl,, room temperature, 24h, 65~87.5%
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Figure 16 (a) Specific gelation of the aniline phase using la (concentration of 1la is 45mg/mL in the aniline phase)
as a PSG in a two-phase mixture of aniline and water (0. 5ml/2. 0mL) by mechanical shaking and separation of the
formed gel-water mixture into the aniline gel and clear water via simple filtration. (b) Recovery of aniline from the

la-aniline gel via distillation, and purification of the restored gelator by recrystallization
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Figure 17 Synthesis of organogelator D-1
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Figure 18 (a) A sample of crude oil before gelation; (b) A gelled sample of crude oil and D-1 at 0. 5% (w/v) concentration;
(c) A biphasic system of saline water and crude oil before addition of the gelator; (d) The biphasic system of water

and crude oil after gelation of the crude oil with D-1
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Advances in Research of Phase Selective Gelators and Application in
Oil Spill Remediation

KANG Xiao-ling"?, DU Yang'?, ZHAO Jin"*, YUAN Xu-bo'*, HOU Xin"?**

(1. School of Materials Science and Engineering ., Tianjin University, Tianjin 300072, China;
2. Tianjin Key Laboratory of Composite and Functional Materials, Tianjin 300072, China)

Abstract: Recent years water contamination by oil and oil spill in sea are the major disasters impacting the living
conditions of human beings and marine environments. Phase selective gelators are providing novel choices for oil spill
remediation due to their properties of simple synthesis, environmental compatibility, efficiency and reusability. In this
review, firstly, classification and self-assembly mechanism of the phase selective gelators were presented. Secondly, the
development of phase selective gelators composed of low-weight molecules such as amino acids, organic acids and salts,
steroids and carbohydrate moieties was mainly discussed and organic polymer gelators were briefly introduced. Finally,
future development of phase selective gelators was predicted.
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