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Figure 1  Schematic illustration of the molecular structure of the ladder polysiloxane (R-LLPS)
When — represents the bridge group. When it is oxido, organic group and (-R';Si-O-),, respectively,
the formula represents: (a) R-LPSQ; (b) R-OLPS: (¢) R-SLPS. Wherein “m” is an integer =1,

REBEIE B A% 2 ik E %8 (polyphenylsilsesquioxane, Ph-LPSQ) & f 5 8 it 18 19 #6123 ik & b (R-
LPS)™ 1960 4F Hy Brown % L%k = GURE fe 388 S 37 7L 19 7K fife RN BT Ml 40 2R % B S WA L 1R 3 A Ol aX
A ATREE — A AR RIE R A MR XU S5 A R R Dy th 2 B RE A B S  T 2R DNA TURE 45 44 /Y
REWRA R RER R MG T 7 Z M CE., WE L ATTHZERI LG 8 T 28 R-LPSQ™,
WATH) AN AR RS /R R Y. X T B G AR S5 Y 2 AR R AT R R A e PSQ 5 POSS
(polyhedral oligomeric silsesquioxane), Z%(F=4)n] LLif i 45 by 4R 40, o @ LA M &5 4, B £ 55 2%
MR SCHEE X AT A IEAR SO AN R . XS T RL Ph-LPSQ A3 1Y R IE B ik AU 1 4 454
WAL F 5 AR RS — B S S p T BARIL, T R-LPS RR5K 1 45 # AR g, A1 34 J2
AWTAE 2 A T BT Y R-LPSQ.R-OLPS Fl R-SLPS 194G 1, sl 5 18 19 6 s 28 . DL 50 45 9 25 4 m]
FEEE DI REME . SRR AT 2 22 80 ARARHR 1 43 1M SRR 2 B AL IR MR 5 7 W O kil 4% T
T (1 0 35 A R L | L TR SR () ALY R-LPSQ M H ALY, 2006 A AT HRE T
M S 3E L Ctriphenylene) B = H A8 H ik S e SR, W IREW WP R A2 7 B A %€ R EIE 451 /1
triphenylene-LPSQ™ , & [l fb 2 5 T [a] B Rl it B 1 46 76 6 T2 3R A% 2 i U (9 & i 5 HL I W0 o F 58
TS T R AR,

R-LPS il % » 75 2 N 22 B BE T4 o 45 A 38— 4 B 25 AR S5 44, 5 B o 0 35 70 v ] 4 1) A8 4
VAR S5, o045 21 EL G BT A0 ) 35 s O v B AR MR B9 R-LPS. 18 11 A1 R FH 43 18] 55 AH B4 F A 43 1 AR
A AR B2 3 A4 fik 0 R 22 [ ) S S ] O B R ) oo 28 OB 000 56 S 7 5 1) S B8 0 ) R
BRI 00 -2 ARAVE L DL R BATT Z [ A R RIS, . 2009 4F 351 25 10 & 28 WA o6 TR M T A A iy gt

B UGS F IR 4 AU B 2 R BE AR T = 4 - I PR RTE T A W S B T =R R R R/ B
REFALAA, TG 26 22 R S A ) AT SR B AN T 3k 4t 2 388 38 3/ 22 Mk L o IR A TR U = 3 4n Sk L sg Bk
AL ANV, T BOITVE 43 AH L DL K i T8 1 R 3R 00 R R i 5 A0 B 55 4 T DL 22 A 25 1 B S Y
T RAE e 1 G I — B E PR & 1 e A 2L DOk — BARTE R MERL

SR G 40 A 458 3 A0 AR B SR G T 1 B LR AU 43 e R R ) U | — o A U R B R O SR A AR e
(R-LPS) #A[F) B2 BE B A 6] 3 22 1 ) FH 77 8 43— B B9 4 T S 45 S0l 2 DG T BP0 43— 1 200 3 g 1t T
ZEA A R-LPS & A R OCHERY FE . G TRBIE Rk b (R-LPS) BYRAET i8R 188 % Ui FT-
10. 14028/j. cnki. 1003-3726. 2014. 12. 003



%12 [ 2 N i {1 « 31 -

IR.'H-NMR.,GPC/VPO (4> 7). DSC.TGA . DMA %575 ¥kl it H 41 i 4> + & M REAh , — R i85
P2 Si-NMR 1 XRD (X-ray diffraction) B FEAFH 45 & R B 10> THEMBE 2, Jo HJE% Si-NMR 3% 4%
R PITPAY S 00 PR 05 0 B2k T BE (A) B 06 58 AT, R W S5 4 BB — 1) XRD 3% 7 45 21 1 43
T4 0] B — i 5 HIS TR LRI A . UTTJEL* 5 353 AT 99 1) A 4 R % BT A R 1) A DG SCRR 2
FTERaR W H A T iR ) 58 0 W PR RBEHEAT A 48, O e SRR O SRk A be 1 0 FH ALK 8 . e R ol ik
S TR S SRS T 3R ik SR

1 BB EEFEEEAR(R-LPSQ

1.1 “EREK . FEREREEHEEESEEFFERR(H-LPSQ)

R-LPSQ AL (RSIO ;)RR S2A2 4R 1L F 5T 5 2 1) — B0 B SRk S0 e, (B X T A 2
PEMEL ) R-LPSQ AHRIE I LA BR . 2008 4F Ren 51 358 1T DL = S 6E b8 (HSICL) 9 J5URE, #4588 23
T F MBS BEMR S "Ik “[F e W - 48 5 7 W RS & il 4 T B R R T SR A 3
i (H-LPSQ) . Si—H ] LY C = C #— 2P & A= ik S s iz 3K Al 28 1 Si—OH L 4k iy & A=
K A5 — RN N . H-LPSQ J& — M2l LR IE & 40 F . AN & A LA AL, B L H-LPSQ 76 A HLi
R B LA R AR S DOVENT s T 5 St AHZE (M8 “ H” , HARBUN AR AEAE o & N300 512 (1]
PEBHALN » 1 H Si—H HERFRE , 25 5 B AVEZ 8 R, 3% AR B I T & BRI R AE A M 3E . Ren %A A H-
LPSQ M B B0 BT DLy S w20, &l 2 s .

()38 3 I T2 LA Si—N #EH21Y 4,6- W (558 R-1, 3- & (4, 6-bis(octyloxy) benzene-1, 3-
diamine) My F& 14 H-1, 18 i Mr FE 19 r-re B IR0 A8 B0 T W 86 T2 R 45 #4 (ladder superstructure, H-
LS Mr Ak [ By R Uy 85 3 BL 3G 0 1 rb [ TE A HLV 00 v i Ak

) A aZE — B4 (isophthaloyl dichloride, TPC) YE & Wit 7, ti T H 40 7 25 ¥ Al 23 [a] #4 42 1)
I TR R A EC 19 s ) Si— C R AT el A9 35 110 Si— Nl ] sl BIF 228 7 % 5 BT 2 3K 38 249 — 2 8 s L i ALK
FEEAL T (W TF T B0 Si—OH JEA B A, RUBFTIE 4 R i r 24 , A1 A K7 8 il i B 4 1) H-LPSQ.

Cr=C a”
Rt 2 R -
+ 2 HSIQ precoupling self-Assembly ) .. ) " O -HCVcondensation
Triethylamine - 3 3 3 1,0 /Triethylamine
R M, R O ARG RO 4R
n’i\'a
(H-1)

R % H R

¥y ( ) comple xation

und

(H-DLPS) (D. AC

s)-cllronouu clenvmg
-hr.ddbu.t
in-situ
condensation

(H-LPSQ)
R=— OCH,;; ... Hydrogen bond = pi-pi stacking —— p-d interaction

B2 “E kA T s 7 24 7 iR T ik S R A 2 ik R e (H-LPSQ) Y J i 28

Figure 2 The proposed reactions in the synthesis of H-LPSQ by “synchronous cleavage and grown” process

10. 14028/j. cnki. 1003-3726. 2014. 12. 003



© 32 - [ ix R i i 2014 412 H

FIFTE WL H-LPSQ M 45 # A (il if FT-IR.” Si-NMR,XRD 45 RAEF3 8] THESE ., 4 T H-LPSQ
FEVCIRAS 8 T2 AE GBS JE H-LPSQ 15 9 A 9 0000 1y 5 1 06 9 C0 6 8 T 3R AT 8 ik S
%t (ladder polycyclohexylsilsesquioxane, Ch-LLPSQ) , i — 2552 T H B JE FL 4 M A Si-H 3L (1) 5 Rz 16 1 .
(ELAS I 9 1 L AR B 45 F) H-LS, H [l & H-DLPS J 774 H-LPSQ K™ #) Ch-LPSQ #§ ¥ f19* Si-
NMR b2 {i B 408 £ B 7 — 20 ppm BEIE « 1 8 25 H-LPSQ 0 L2 i B W 4 BE7E — 87. 9ppm. [ 25 Ch-
LPSQ Y H 0 (i % 4% 5 AR << — 60ppm., AR HBCIRES 7 4% Si-NMR 3 [ P g JE 2R 5 18 (D) /N T —
Lppm. {5 BB IE 25403 - 58 56 .

A B C
9 Q
c

nv;n—-ww ' A v —Sli—O—SIi—O—SiI—O—SiI—O—
- hone o) o 0o o)
e i o-s—o-s—o_s|
—Si—0-Si—0-Si—0—-Si—0—

20 0 -20 30 60 80 50 0 -50 -100-150 -200 -250
Chemical shift (ppm)

K3 A W B 1] M W 70 Si-NMR 1 ]
(a) Ladder superstructure (H-LS); (b) H-DLPS; (¢) Ch-LPSQ; B. H-LPSQ [l{& CP/MAS *Si-NMR % A ;
C. Ch-LPSQ Wy4r F45H R B
Figure 3 A. spectra of (a) Ladder superstructure (H-LS); (b) H-DLPS; (¢) Ch-LPSQ; B. Solid state CP/MAS
2Si-NMR of H-LPSQ; C. Schematic illustration of the Ch-LPSQ formula.

&l 3 I 7S B 5 ¥ S — R 58 10 5 325, B S, Ren 25 LAZEALL AY 5 364 10 T A0 2% B 6 T 38 O i 2
A e (Ph-LPSQ)™™, JF 5 J5 4 JE B (9 bt 40 & AR i 3 ] 28 = F Bk B Calkoxy substituted
polyisophthalamide, Cn-PAYE & WL Ll 45 T 2 G 9K 4, R 4F iy A S YR ] 25 PEFT Be 5 2 & 47 2
HAFLE N—H/SIOST B A SEAE T DI ARG .

1.2 MEERREBRE

2010 4F Chen 25" I T (W28 3 2K 1 36 B T2 A5 2 i & bt (ladder-like poly ( p-decyl aniline)
silsesquioxane, WK 4 1 PASQ) A9-& 1, F R 2 QT B AT 7S o 3% A 5 722 vl DL BE A A0 JEURE S & ke 48
58 Chexachlorodisiloxane) #1 4-2% FL K 1% (4-decyl aniline) H &, Jo B Wi 3 8 Si—N B 522 00 “XF 28 F AR g
(p-decyl aniline) , 5 55 i 5 rf 00 & A B A 1 FH L 32 v 6 T2 25 0 O RS M o LI 35 S 4 Si— N B
TE—E SR T B Si—H 8B RUE B AT #E— 20 & AL K | B 4 A A o SO . AT B PASQ
Je o B Si—N 1 sz P Ll B SN L Mey Si—O—51 A 3L, 7] RIS 31— Rl i = B 2L ik I B B
ATk A E (AN AB F7s 9 LMQ) 33 ) BEASE Al e 48 v, DAy ) 5 CRO AR AR R0, AN 528 1) R-LPSQ Y il
it TR Z AT RE IR AR

2 AN E A A K (R-OLPS)

A AL IR e, HAR 3L S B AE R I 7 AT DUl Si—C\Si—N\Si—O #5582 Fhoy Rk, Hop
Si—C #E LR E A2 — IR /B 5% 1 B 2 Wi L Si—NR L Si—OR W 36 P e Si—CLAR L B 76 1R / Bal i
R AR ATHE— 2K aE A . XTI LA Si—C SRR A ML LR RE B RS . 7EOR AR, B3k
GRS 3 SN N i 2 o8 i N R A N [ DS E 7 8= S % = 1008 o T ) 1 O O R 2 0 N s e o R
BEFIA KR SrF8E SR, 7E R I Z i A8 s B 7385 38 151 43 1 4R T P M R DL R O 7 1Y) T AL 5R
LSRR MRRE M . W ROCIEBE A H B 51 AMIE R RESAUBE . 4 AR By $A8 E E FnOG H
PERESR ML T — Rl IR 1% .

Zhang 5 G T BRI 9, 10- R BE BOF SEBE Y B Ak EU b (DPARLP) , R 9, 10- 2K BE B
10. 14028/j. cnki. 1003-3726. 2014. 12. 003



121 = Vs ¥ W Eild « 33

CioHzr  CiHzy  CyoHy CioHar CioHzi CroHn

& sss 566 656

d Ls' PASQ
B 8- ~81— 81—
6 o 9
Me;SIOH ""wr‘.@"’!@"’!‘im
PASQ — o o ¢
Me,Si03-0—81-0=313 osiMe,
¢ ¢ @
—8i— —8i— —8i—

B4 Al DISE R bR 4-38 B2 G  PASQ MY R B JE i Mes Si-O- 19 1 48 f b il 4 LMQ,
Figure 4 A. The synthetic reaction of PASQ from hexachlorodisiloxane and 4-decyl aniline. B. Synthetic reaction of
LMQ from PASQ by replacement of the side group p-decyl aniline by Me; Si-O-.
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Research Progress of the Ladder Polysiloxanes (R-LPS)

CAO Xin-yu™ , ZHANG Rong-ben, XIE Ping, FANG Shi-bi, MA Yong-mei”
(Institute o f Chemistry ,» Chinese Academy of Science, Beijing 100190, China)

Abstract: Due to the unique double-or multiple-chain structure, Ladder-like polysiloxanes (R-LPSs) have shown much
higher resistance to heat, oxidation and radiation than the corresponding single-chain polysiloxanes. Since the first report in
1960s by Brown., R-LPS has attracted a lot of attention worldwidely, and great efforts have been made in synthesis novel R-
LPS and enhance the regularity of the ladder structures since then. With the deepening understanding of the no chemical
bonded inter-molecular interaction, the synthesis mechanism of R-LLPS has also been further developed. It involves broad
theoretical and experimental research in polymer frontiers, such as supramolecular assistant synthesis method, ladder
macromolecular formation mechanism, nanostructure and material properties characterization, etc. This paper first gives an
overall introduction of R-LPSs, and then reviews the most recent progress in this field. Especially, this paper reviews the
publications on the synthesis of R-LLPS based on the “super-molecular coupling and the gradually build-up polymerization”.
The R-LPSs in this review are generally classified based on structure of the main chain as three categories: Radical-sided
double-chain-bonded ladder polysiloxane (R-DLPS). Radical-sided triple-chain-bonded organo-bridged ladder polysiloxane
(R-TLPS) and Radical-sided quadruple-chain-bonded ladder polysiloxane (R-QLPS). Synthesis and characterization of R-
LPSs with different side groups are demonstrated. The cited papers are mostly published in the nearest five years.

Key words: Ladder-like polysiloxane; Supramolecular templated synthesis; Gradual coupling polymerization
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