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Scheme 1 Molecular structure of CDDA, P4AVP and PMo
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1.1 ER5iXH

X EORHR O g A 2e 4t W T [ 25 4 141 4k
AT PR A T 51, 12- 20+ ke, N, N-— 1 3%
e, FNE (-2 Bk g ) (PAVP M, = 6.0 x
10") ¥ F Sigma-Aldrich ( |3 ) 5 5) A BR 2> 7 5
W FHE2 (H,PMo,, 0, 24H,0) 1y T [ 25 4 41 1k 2~
b A BR A w5 O S Wk o A 28, T T P Bl
A Ty A FR S W) 5 oK Tk DL K TEK kR M, 53
Brat, W 746 504k T 5 P B = e AT Tk
(60 ~90 C) & A LN FITCKBRIREE , 73 M 4, T
TAbmtE ) A A T w); JoK B, I g4t
JemT T A AL T W) 5 AR 2 2 AT kI (160 ~
200 H) 509, B L) ).
1.2 #i&
1201 N-12-(4"- KR ) -+ e S| B -N-+ b
BL-N,N-Z A 8 (CDDA) il %

G PER CDDACRER 1) il % 2% 3
BRLLO ) Dy vk AT, AR L BR G F

Sral KR R BRI R O (2.4 g, 14.0
mmol) ,1,12-" W " 5£ (9.2 g, 28.0 mmol) Al
TooK R BR 4N (4.5 g, 42.0 mmol) £ A 150 mL 7§
il v, A ZR 456 K B9 B2 0 26 h. 2S5 R H ),
A HLAH S5 BEAT 2 B, Kk T e 4 )5,
FBE A kR S v R (R L R 10 1) Sy JR I 7
O TEAE 3 B R AL A5 7 ) 4- (127 - b4

AN A 08, ¥ BV REOR 15 5
1.3 g9 N-12-[4'-( KR O WR) + = be H 4
L] -N-+ peFE-N,N-— 5L yR b 4

g N-12-[4"-(CKR IR LR ) 1 = e e 4 2 ] -
N-+ e Fe-N, N-—F 3L AL & (0.6 g, 0.96
mmol ) FIEE LI (0.5 g, 12.5 mmol) ¥ f# 7 25
mL (%) F AT K (R AT K ) R R 43 51 A 22 mL
3 mL) AR, B RN 12 he %3, BR i
M= T 0 M kB (pH =3) ¥, K
Vb, SRS B R B T4 e 5 07, 15 ) CDDA | HL%8
TR E ZHE. CDDA (1 4k 2% 50 7% F1 21 ) 1 457 3
W% 'H-NMR (CDCIl,, 8): 0.88 (t, 3H), 1.18
~1.46 (m, 34H), 1.68 ~1.79 (m, 6H), 3.33
(s, 6H), 3.49 (t, 4H), 4.03 (t, 2H), 6.88 ~
6.92(d, 2H), 7.99 ~8.01 (d, 2H). IR (KBr,
em™',v) (CDDA): 3396, 2922, 2852, 2579,
2458, 1705, 1608, 1583, 1510, 1488, 1467,
1419, 1388, 1250, 723.
1.2.2 SEP-PMo il %

56K R A ) B FH R (HPMo ) (26.9 mg,
0.01 mol) % fif 72K, FEF #4454 T, CDDA
(16.7 mg, 0.0289 mol) 14 /5 % W fn 2] ik
HPMo 7KW, 7o 40 B 38, B 28 7K AH H 86072
DIPTSR 2 | o
EAFRIAA U RRUE 3 K5, T4 SRS e 25 KR
LRGN, B2 T4, 15 8] 8 6 [5 /& SEP-PMo.
PR/ RN EAR A U Tvle N o Tl S o | S P U
(KBr, em™',»):3348, 3033, 2924, 2852, 2670,
2554, 1680, 1604, 1512, 1480, 1463, 1427,
1289, 1257, 1062, 957, 879, 802, 718. TLE 4 #T
RIS M. C 34.81, H 5.39 N 1.23; ik {E: C
33.74, H5.40, N 1.42; 5 &9 8 & 500
ANUNE 1 R, 7R TGA 4k 40 ~ 150 °C (13 [H]
W, 56 W) o 0 R A A ARk IR R AT DU SR I
BRLE SRk E B | [F B 456 0 R i S
mizE Gtk (CDDA), PMo,0,,-
2H,0(3413).
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Fig. 1 TGA curves of SEP-PMo with a heating rate of 20 K/min

under N, atmosphere

1.2.3 SEP-PMo 5 P4VP & &4 )l £

53545 SEP-PMo ¥ fig 75 VU % WK 1§ 1, PAVP
TR SRS K PAVP 5 IZ T I B B
() SEP-PMo ¥ ¥ H , 18 4 1 R R 6 15 ik e i 41
FEIR L, 45 A R L B i) B2 5 1 (s 1) . e
10 h, SR )5 1k 4% %+ A AL R 453 1) PAVP (SEP-
PMo) ,, FEdh fE EL s AR itk — 20 TR B

Table 1  Preparation of PAVP(SEP-PMo) ,

n Msgp-py, (ME) Mpyyp (Mg)
0.01 10. 186 92.29
0. 05 10. 137 18.853
0.1 11.211 10.511
0.3 34.143 10. 653
0.5 56.017 10. 820
1 113. 002 10. 125

1.2.4 HPMo 5 PAVP B &Y £

K P43 9 HPMo Al PAVP 73 5l 3% T W1 i
SRIG A PAVP FY I i i Jin A B BE PF B9 HPMo
FY ISt Y T 3 o 9 T R LE A A [ e )
MY (nZ2). ik 10 h, b5 &%k T4
PLE R, 25 TR S 75 5] PAVP-PMo-n 5 9.

Table 2 Preparation of P4VP-PMo-n

Miipy, (ME) Mpgyp (Mg)  wypy, (W% ) wpyyp (W% )

n

1 12.018 5.159 70 30
2 12.131 7.142 63 37
3 12. 640 9.674 56 44
4 12. 862 11.453 54 46
5 12. 191 13.186 48 52

1.3 Wik 5RE
1301 A2l K 4 i i) D s

Bruker ARX 400 MHz #1 Varian 300 MHz #%
g L HE AL, "H-NMR DL CDCl, R, TMS K4
5 ; Elemental Vario EL 5T % 43 #1 {4 W 15 o0 & 44
1% ; Finnigan-MAT ZAB-HS 5% 015 4> &, 5
FAL I ¥R HOEL 8, 43 5 & KT 800 I, i
MADLI-TOF {5 ; {7 it 25 46 £1 41 5 33 I 4k 2 7
8 [E Bruker IFS66V {7 I A8 1 21 #p S 3% AR I 3
7, {8 F DTGS #aW &5 , R Al 32 WK, 43 FE %
K4 em .
13,2 A0 R B 28 RRR 25 4 4 K

Q100 DSC 75 2= 49 4 &8 #AXL , A < it i Ky 50
mL min "' B 3 ~ 20 mg, DL IE 4% (n-octane
mp = —56.76 °C) Ffl4H (indium, mp =156.78 C)
AR IE AL R Q600 SDT A LA K 7R 22 49 41l
PRI D A, T BE 4 5 95 [ 30 ~ 600 °C, FHIR
W& K 20 K/min, B W iE & 100 mL/min, ££ 5
%) 2 ~3 mg;Leica DMLP {6 i 885 (PLM) | Ji¢
# Linkam $A&  FE B gAY, R B2 455 361 7
10 pm ZE4. /M X B2 B0 (SAXS) SR A Anton
Paar SAXSess /)N 8 A AT 042, 6 U5 O 35 1A
B LHE, PR 0. 154 nm  ZOGTR, 22 BB R,
2 Kratky BEHHEATHE B 8ONG5 HI/ANA -7 fA Bk
FH(SWAXS) Bt 2 40 (IP) i 5%, 52 A8 AR K/

A 66 mm x 200 mm, 53R 42, 3 pm x 42.
3 pm, SRR AL SR B 263, 3 mm, U K
g BRI R 0.07 ~27 nm ™. FESL & &

TCU 300 i HE 4% il ¢ 8, i B 0 B o8 % il ca
350 C.

2 #RE5iT®

2.1 CDDA #1 SEP-PMo i & 1% &

FET & PE ] CDDA 40 STk I i, 76 34 5 Il
AR R R OUL £ B G AE R AR 2R (1A
2) ,H DSC FHil i £ L 4 il AE 111,140 il 172 C
W3 A AHEE AR U BRI B AR 160 #1193 °C 4% K
1 AN AEE AR 16, DSC 25 5 5 SCRR R E 251

Bl e, FRATTSR A XS e A 5 07 2 ok itk — 2B
TN AHSE G, % T v & Ry 48 HY IR 25 44 1 Ak & W i
T, 2 i U Y B A AR Jo L B R B
e R AR TR 2] CDDA Zr FRYK Y
2.4 nm , FFHAEBN S DL R AR S, T e
T FA) VR o AFLA T 45 48 ) J 0T RBE R 9 7E 5 nm A2
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Fig. 2 POM images of CDDA at 110 °C (a), and SEP-PMo at

120 C (b) during the cooling process
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Fig. 3 SAXS profiles of CDDA at

different temperatures
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PMo ff) SAXS #iZk (I 4) W & il , 4 Wi SAXS
2% 1 B 7 5106 5 CDDA Fil HPMo Y A [l
$LH] CDDA Fl HPMo 3 i % H A 2 & )5 , B 1
TRENESY, BA B ESE. AT9 W5
A F A SAXS HZk ¢ =2. 54 nm 4k AT
ST 5 CDDA 88 — /AT SF It #3n , mE &
W) q =5.75 nm ' AL B4 5065 HPMo 7 % #f JiE &b
9 7 S 0 LU A 0T, L D B A e R X L A
YREL, I HL3Y AR A 7 1 WA B 8. 45 A SEP-
PMo & 4 B £k 2 45 K FUR SF R, Fo T 1A R 1%
AW R 2R G5 K, HLR IR 5 5 — i
S0 S %7 7 5 T (DG 2.5 nm KEAE 4, T SAXS |
66 A7 35 Kb 19 55 — A 37 55 U6 2 e 9 2 )2 A PMo Y
HEB , 25 3 T 15 VERMB M IS 19 PMo #49 HE 51 4 %) 42
O 2 WIS RSB, 76 SAXS I- 32 B AT B i i) {1
£0 B A 8% , I FLZAS 45 556 T R H. A HLIC ML 2 A6 T8y
52 4 W 4 K 485 KD 5 BLIR 2 AN TEHLER 2 1
A, T PR B AN A A L B IO 4 B TR R
BRI T A, TE ML B 4 i S T,
POSS 4%, i S FEUAH 73 B S5 H N (5 = 2 IR &5 1
(3%, ) 76 POSS 2 ) M5 — 5 i HE
IO A, 5 Sk AR B 9 CDDA B A
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Fig. 4 SAXS profiles of CDDA, HPMo and their complex SEP-
PMo

Fig. 5 Transmission electron micrograph of SEP-PMo
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HE— 25 UE B SEP-PMo JE i T 2 MR 4544
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B P4VP-PMo-n By R

PAVP(SEP-PMo) , &2 & ¥ 3 2o ¥ W St R O
2, E T R ORI BRI AR E A, B
SWE AWM FTIR 0 & 6 fF 5, SEP-PMo £
1682 cm ™' C = O W4 3% ,2539 F1 2671 cm ™'
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Fig. 6 IR spectra of SEP-PMo, P4VP and
P4VP(SEP-PMo)
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Fig. 7 DSC curves of PAVP, SEP-PMo and P4VP( SEP-PMo) , in

the first cooling and second heating processes at a rate of 10 K/min
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Fig. 8 SAXS profiles of P4AVP( SEP-PMo),

AN, F AR HPMo 5 PAVP H K & 515
FIAYFE G PAVP-PMo-n tLi#E4T SAXS 5%, Wi 9
PR, RIBEA PMo [ & B3N 2B B WA ¢ =
5 nm " Ab B — NI 0 B O R RN O 0
S 2 W 3G I, O 2 W 1) e AR R T R B2 B
PAVP TEAR f B Ab B A 17 S 0, 52 6 0 v A1 A 3 4k
O U Y Y LR BR G BT A5 B L, S Y
HPMo ) SAXS Z5 5 AH L, % WU 14 $2 35 HPMo 75

q=6.36 nm " b AT 5 04, fEJR: 3R R 5 1T EL HE
BRI, PRI 3 A 5 0 4 1 L FT BE 5 PMo 7
PAVP RE W B HEF A ¢, N B = 3 2 /9 77 5 4L
¥, To ki HAR ) HED 454

P4VP-PMo-n
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36 9 1215
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Fig. 9 SAXS profiles of P4AVP-PMo-n, P4VP and HPMo

25 F SR 19 T A T, FR AT Ak 2 VR AR 5
PAVP(SEP-PMo) | &5 & 1 {1 12 2 1 15 3 4 25 4
HIBO 5 R DL B PMo 15 0 Ml i J5E M I X 38 4 445
9 % 0 25

3 i

BEF T — 28 bty B B R BE 45 4 1) 2% T TR 1
CDDA iz AL &Y BHATIE & A AHZS 38 5 # Fia AH
HAEMYS HPMo #1472 &, 19 3 F 1 0 &2 28 M b
FLHE R o H 1 & A ¥ SEP-PMo, ix B A Y%
PR H R R W A A, SAXS il TEM BIF 5% 25 B Hi oy
JEAIRAGEH . K2 E G5 PAVP IR & il i R 5
S nE 3 b R0 SRR AR L A8 SRR E 1Y PAVP
(SEP-PMo) , & & ¥, Al Bt XF btk T HPMo &
PAVP 1 £z 300 5 (0 454 , 3 W] 28 3% 18 1% 1 770 48 1
f) SEP-PMo A] 7 5 & W) v O 35 L SR AR 454
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Synthesis and Characterization of Supramolecular Nanocomposites

Based on Surfactant-encapsulated Polyoxometalate

Hong-wei Liu'?, Xiao-fang Chen®’" | Jie Zhang’* , Xiang-dan Li', Li-zhong Li'"
(' College of Chemisiry and Material Science , South-central University for Nationalities, Wuhan 430074 )
(* Department of Polymer Science and Engineering , College of Chemistry and Molecular Engineering , Peking University, Beijing 100871)
(* Department of Polymer Science and Engineering , College of Chemistry, Chemical Engineering and Materials Science ,

Soochow University , Suzhou 215123)

Abstract A surfactant-encapsulated polyoxometalate complex SEP-PMo was prepared by phosphomolybdic
acid (H,PMo,, O,,, abbreviated as HPMo ), via electrostatical interaction between HPMo and N-[ 12-(4-
carboxylphenoxy ) dodecyl ]-N, N-dimethylammonium bromide ( CDDA ). The resulting complex was
characterized in detail by elemental analysis, thermogravimetric analysis (TGA ), as well as FT-IR spectra.
SEP-PMo was further complexed with poly (4-vinyl pyridine) (P4VP) wvia hydrogen bonding interaction to get
P4VP(SEP-PMo),(n=0.01, 0.05, 0.1, 0.3, 0.5 and 1). Mesomorphic phase behaviors of CDDA, SEP-
PMo as well as P4VP(SEP-PMo) , were studied by a combination of differential scanning calorimetry (DSC) ,
polarized light microscopy (PLM) , small-angle X-ray scattering (SAXS) and transmission electron microscopy
(TEM). Surfactant CDDA has a bilayer smectic A structure with a layer thickness about 4.8 nm. When
increasing the temperature to 140 °C , the phase structure turns into a monolayer smectic A structure with a
layer thickness around 2.4 nm. SEP-PMo exhibits thermotropic liquid crystal phase behavior induced by
microphase separation from organic and inorganic composites. SAXS and TEM studies revealed that SEP-PMo
could form lamellar structure with the layer thickness about 2. 5 nm, and within the layer PMo has relatively
ordered structure. Comparing with the phase structure of P4VP-PMo-n composites, the mesophase structure of
SEP-PMo could be partially kept in the hydrogen bonded complex, P4VP(SEP-PMo)
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