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Synthesis and Self-Assembled Structure of A Cluster—Cluster Hybrid
Molecule Composed of POM and POSS Clusters

Hou, Zhanyao Hu, Minbiao Wang, Wei*

(Center for Synthetic Soft Materials, The Key Laboratory of Functional Polymer Materials of Ministry of Education and
Institute of Polymer Chemistry, Nankai University, Tianjin 300071)

Abstract Polyhedral oligosilsesquioxane (POSS) and polyoxometalate (POM) are two kinds of clusters having totally dif-
ferent physical and chemical properties. For instance, the POSS cluster dissolves in weakly polar solvents, such as toluene,
while the POM cluster, encapsulated by tetrabutylammonium counterions, dissolves in strongly polar solvents, such as ace-
tonitrile, meaning the strong incompatibility. Based on this reason and their fixed shape, a novel cluster-cluster hybrid mole-
cule with a V-shaped molecular structure (POM-2POSS) was rationally designed by covalently linking the two POSS clusters
on the one side of the POM cluster. In the experiment, a two-azido-containing organosilyl derivative of a Wells-Dawson-type
POM cluster and a one-propargyl-containing derivative of a POSS cluster were prepared at first. Then, the cluster-cluster
hybrid was successfully synthesized by Cu-catalyzed click reaction between the two azide groups in the one POM derivative
and the two propargyl groups in the two POSS derivatives. The chemical structure of this hybrid molecule was carefully
characterized by NMR, ESI-MS and IR. In view of their strong incompatibility and of the particular three-dimensional (3D)
structure POM-2POSS was expected to be able to self-assemble into ordered supramolecular structures. In the sample prepa-
ration POM-2POSS was dissolved in acetonitrile with a concentration of 5 mg/mL, and then the solution was dropped onto
silicon substrates to prepare the thin film samples, finally the thin film samples were annealed in an acetonitrile vapor for 14
d. The film on the silicon substrate was characterized by XRD. The thin film samples for TEM characterization were made at
first by floating onto the water surface and then transferred onto copper mesh. The structural analyses clearly demonstrated
that the hybrid molecule self-assembled into a highly ordered lamellar morphology with a 5.1 nm periodicity, smaller than
those found in block copolymers with a similar molecular weight. Formation of the highly ordered morphology reflects a
self-assembly process due to absence of intermolecular entanglements, while the sub-5 nm periodicity is because of the 3D
structures of the two building blocks. The findings provide a new platform for understanding of the self-assembly of
nano-clusters and for development of novel hybrid materials.
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Figure 1 Synthetic route to the POM-2POSS hybrid molecule
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Figure 2 (A) 'H NMR spectrum of the POM-2POSS hybrid. (B) *'P NMR spectra of POM-2N; and POM-2POSS. (C) EDX spectrum of the

POM-2POSS hybrid molecule
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Figure 3 XRD pattern of the POM-2POSS hybrid film sample
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Figure 4 TEM image (A) and EDX pattern (B) of the ultrathin film of
the POM-2POSS hybrid
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Figure 5 Enlarged image of the TEM image in Figure 4 after processed
by FFT and I-FFT analysis. Inset shows a statistical analysis of lamellar
thickness
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Figure 6 Suggested formation of supramolecular structure and packing
model of cluster-cluster hybrids in supramolecular structure
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PSR B T BES WL AR 1 LTS AE. AHF5T
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'H NMR, "*C NMR, *'P NMR F ¥Si NMR 7£54 0%
#(CDCl;, CD;CN, DMSO-dg) 1 /| Bruker AVANCE
Il 400 MHz A% iS00 8 d . 204061 R H 55
Bio-Rad A #] FTS 6000 Y61, KBr 7k i S S #El
K. L B B (EST-MS) R 24 [H Thermo Fisher
Scientific 24 7] Finnigan LCQ Advantage .55k, X 4
L ARKATH (XRDYKH H AR 224 7] D/max-2500 #H4T
MR, KET#N Cu Ko (A=0.154 nm), 670 HE N
0.7°~40°. 7 K 5F i H W 2 B (TEM) K H ff 22 FEI
A+ Tecnai G2 F20 MHATMIAA, 2% & GE& (UL X St
WEHEL(EDX), M HLE 2 200 kV.
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5T Sigma-Aldrich 2 7], SRR I — A REdE
1-(3- = R AN HE)-3- K560k W (EDC) M 4- - Fi %,
FLIERE(DMAP)IY H T Alfa Aesar A #]; Hee il g
FUNE T B A ).

4.2 MREEEEFL(POSS-yne, 2)89%&

FREUY AL 0.11 g (1.14 mmol, 1 equiv.), EDC 0.33
g (1.71 mmol, 1.5 equiv.), DMAP 0.03 g (0.23 mmol, 0.2
equiv.)% T 25 mL CH,CL 1, fEEAMRY T, UKK#H R
2.5 h G228 1 g (1.14 mmol)Za L1 i 4 b 1)
CH,CL, YW, WY 24 h J&, /KUE= 05 HEZEHk 4,
GAZ A CBERTRBERNV #V =1 : 4), 135
BYlE, Wk THRASHSY), Hr=marE etk aif,
WYL L8 06/ 47 Whlk(4 © 15), HAMGEE 092 g
PR 84%. FEIE T 'TH NMR, °C NMR, ESI-MS 1 IR
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NMR (400 MHz, CDCly) d: 0.60 (d, J=6.9 Hz, 16H,
CH,Si), 0.95 (d, J=6.6 Hz, 42H, CH3), 1.57~1.62 (m,
2H, CH,CH,Si), 1.80~1.90 (m, 7H, CH(CH,),), 1.99 (t,
J=241 Hz, 1H, CH,CCH), 2.38 (t, J=7.2 Hz, 2H,
CH,CCH), 2.51~2.55 (m, 2H, C(O)CH,), 3.25~3.30 (m,
2H, NHCH,), 5.60 (s, 1H, NH); *C NMR (100 MHz,
CDCly) d: 9.44, 14.95, 22.48, 22.97, 23.82, 25.65, 35.48,
41.80, 69.24, 83.02, 170.66; IR (KBr) v: 3312 (m), 2957
(s), 2877 (s), 2121 (w), 1647 (m), 1550 (w), 1465 (m),
1230 (s), 1110 (vs), 744 (m), 482 (m) cm '. ESI-MS (posi-
tive mode, CH,Cl,) m/z: 954.3, 976.2, 1030.6.

43 EBREINHEZ €BEEPOM-2N;, 4)H7H| &

HIN 355 pL S0 HEZRHE — AL RELEA T 60 mL
K5 LR A HFI [ V(H0)/ V(CH,CN)=2 : 11+, A
1.96 g K;oP,W 704 10H,0, BLH W AR Ry 11 € 3 ik
W, B2 1 mol/L ()RR R S NiAA R MR, (3L
pH~A2, BLH SN A SR EETE A, 3 N %Y 6.5 h ),
WEZE B 1) CHSCN W57, K T4 21 1R T 8
F] 10 mL, 0.20 g/mL (1) NBu,Br (17K -F BEAT 0 Ab
H, 10 min J5RAS BIUTIEHIUE, WEDHKIXAIK. CRE.
CTREE, T, 30K 1.96 g, 77300 80%. PR
I 1.00 g FTfSAEShiAAE 35 mL 1) DMF %509, A
0.10 g NaNs, BfiJ5#Min/basK, AR NaN; 4 55%
fift, 7550 ‘C NI 24 h. [N &5 o i K El 20w 771,
SRJGHIIA 20 mL 0.20 g/mL (¥ NBuBr /K&, ¥orkh
J&, HEFARRINYE, MKIKHK. CBE. SRS, T
B, MEAEER 090 g, 77K 88%, TEAIRNEHHE W,
YHHEE. 'TH NMR (400 MHz, DMSO-dq) d: 0.94 (t, J=
7.3 Hz, 72H, CH3), 1.28~1.37 (m, 48H, CH,CHj3), 1.54~
1.61 (m, 48H, CH,CH,CH;), 3.15~3.19 (m, 48H,
CH,CH,CH,CH;), 4.45 (s, 4H, CH,N3), 7.36 (d, J=17.5
Hz, 4H, SiC(CH),), 7.77 (d, J = 7.5 Hz, 4H,
(CH),CCH,N;); *'P NMR (162 MHz, DMSO-d;) o:
—10.35 (s, PWg), —13.36 (s, PWo); IR (KBr) v: 2961
(m), 2872 (m), 2097 (m), 1487 (m), 1602 (w), 1088 (s),
1040 (s), 813 (vs) cm . ESI-MS (negative mode, CH;CN)
miz: 1125.6, 1184.6, 1500.7, 1582.1, 1661.5, 1741 8.

44 ZEBEHE-EEBEEEEZILS F(POM-
2POSS, 5)8#&

FREL POM-N; (0.28 g, 1 equiv.), POSS-yne (0.14 g, 3
equiv.)¥% 130 mL DMF H, ¥ #RBR4 30 min J5, BE 20
A CuSO4+5H,0 (25.94 mg, 2.2 equiv.)FIHTAILAR(89.10
mg, 9 equiv.), 7£50 C NN 5d. RNEWJE, Tk
a8 5 W N BRADY T B R (0 R, TR T D
HONE, BREAGEAE, JERET AR A GEE 011 ¢,
PEEN 32%, VRAIRMEEEE W FHEE. 'H NMR (400
MHz, CD;CN) §: 0.61~0.64 (m, 32H, CH,Si), 0.96~1.01
(m, 156H, —CH3;), 1.36~1.45 (m, 52H; CH,CH,Si,
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CH,CH;), 1.60~1.68 (m, 48H, NCH,CH,), 1.83~1.90
(m, 14H, CH,CH(CHs),), 2.45 (t, J=6.77 Hz, 4H,
COCH,), 2.88~2.91 (m, 4H, COCH,CH,), 3.12~3.14 (m,
52H, NCH,, NHCH,), 5.50 (s, 4H, PhCH,), 6.46 (s, 2H,
NH), 7.29 (d, J=7.43 Hz, 4H, NNCH,C(CHCH),), 7.54
(s, 2H, NNCH), 7.82 (d, J=7.22 Hz, 4H, NNCH,C(CH),);
'P NMR (162 MHz, CDCly) d: —10.35 (s, PWy),
—13.36 (s, PWy); *’Si NMR (79.4 MHz, CDCl;) o:
—66.56, —67.65, —67.91; °*C NMR (100 MHz, CDCl5)
5: 9.60, 14.04, 19.74, 22.52, 23.00, 23.87, 24.17, 25.73,
29.73, 31.96, 42.01, 53.26, 58.36, 122.02, 126.89, 135.64,
136.84, 141.97, 146.72, 172.07; IR (KBr) v: 3337 (w),
2956 (s), 2871 (s), 1793 (w), 1664 (m), 1108 (vs), 954 (s),
917 (s), 813 (vs) cm . ESI-MS (negative mode, CH,Cl,)
m/z: 1603.4, 1662.6. Anal. calcd for [(n-Bu)4N]s-
[(P2W17061)[SiCsH4CH,(C,HN3)CH,CH,CONH(C3,Heo-
Sig01,)],0]: C 27.80, H 4.85, N 2.49; found C 27.92, H
4.82, N 2.45.
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