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2 2 FH 2 poly(4-vinylpyridine) (P4VP) 3} F2lvfjA] =42 3-pentadecylphenol (PDP) 2]
+A2%E A molecular bottle-brush& A 23}ttt AZE bottle-brushe] thdle] P4VP
9] pyridine”] ¥l PDP9] &8] (x)¢} PAVP RAlake] @& qAgAe] Tz, 4ol 2% (Topr) ot
bottle-brush #7tA2) (L,)d3}0)] dtidled m@sidch. P4VP-PDP, bottle-brushe 42494
A ARSI E o3 Qe HlaT R ZAFEUT. Bottle-brushel 2x¢] @& A4AFA of
g FAMA ARAAIRE (UCST)A S S Jepiich £ P4VPe] EAtadz xv 0.8-0.9Y
o H2xE Yehlen, PAVPY Exl3te] Z71gd wiald Arojrl & 2&oA doly
o). o)z A Fq] P4AVPE] 54 efdatrze] av|o FAA dEE H2e &
31tt. Bottle-brushe] zhdlal7x £44] bottle-brushe] L= 35 AolA 40 A= xHTH=
P4VPe] Bxlg] o & 43& BUth P4VP Exlso] Z7igtd] weid] L= Fristaovd,
9 Azlo|do g BAjafol AXE A%, 2318 At BadAY VA ¥ 2HE 4

ABSTRACT: Molecular bottle-brush was prepared by hydrogen-bonding between poly(4-
vinylpyridine){(P4VP) as main chain and 3-pentadecylphenol (PDP) as amphiphilic side chain.
Variation of long period (L,), order-disorder transition temperature (T9p7) and mesomorphic
structure of bottle-brush were investigated by changing various mole ratio (x) of pyridine
group in P4VP and PDP and molecular weight of P4VP. Upper critical solution tempera-
ture (UCST) behaviour was observed. For x 0.8-0.9, maximum critical temperature was
found. As molecular weight of PAVP was increased, phase transition occurred at higher tem-
perature. It was found that phase behaviour of the bottle-brush was affected by mobility of
P4AVP as well as size and regularity of lamellar structure. The L, determined from analysis of
crystal structure was in the range of 35 A and 40 A and was more affected by the molecular
weight of PAVP than by mole ratio (x). However, if the molecular weight of P4VP was high,
L, value was little affected.

Keywords: molecular bottle-brush, poly(4-vinylpyridine), 3-pentadecylphenol, order-disorder
transition.
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Figure 1. Schemes of supramolecular liquid crystal
polymer. (a) supramolecular main chain liquid crystals,
(b) supramolecular side chain liquid crystals.
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sulfonic acid Z4& F428L 53 AT com-
plexed] st dHFAFELE BT v} glon,
Wintermantel $-2% polymethyl methacrylate
(PMMA) F#9} oligostyrene &2 343 com-
plex®] AFHA 3] A+E ). Olli lkkala
T 9% F4E P4AVP $4F S04
(amphiphilic) Z#¢] PDP& 422%e £3) 34
3 complex®] order-disorder transitione] ajA]
2e 2ug 9ok’ Orderstd vlojaz =gl
TZ27t 7Hd Ee 34 E 5 AlERle 2R
o g & Zojo Jge AT A, 24 Zo
7} 83 ZoARE Fo whdEo] FriEla Al
oz FHe] 7ol Z7}¥]:= mesomorphic T
Z A8A Toprd 371 /A L&des 432 11
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Alg} 2l M EZ. 4-Vinylpyridine (4VP, AldrichA},
SFA)# Sl FFA vz AlLH tetra-
hydrofuran (THF, JunseiAl, EgA|eF)& Agko]
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T e AT Fol FFA AR A
243 sec-butyllithium 1.3 M-hexane£9 (Aldrich
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160000 g/mol?l A& F4i3}ed, 60 C FF2Ed
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1.0, 0.95, 0.9, 0.85, 0.8, 0.752} 0.77tA] WIS A|
At
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Table 1. Recipe of PAVP-PDP, Complexes

sample P4VP (g) PDP (g)
P4VP(20K)*-PDP; 5 0.17 0.589
P4VP(20K)-PDP; g 0.17 0.491
P4VP(20K)-PDP; o5 0.17 0.467
PAVP(20K)-PDPy gy 0.17 0.442
P4VP(20K)-PDP, g5 0.17 0.418
PAVP(20K)-PDP,_ g, 0.17 0.393
P4AVP(20K)-PDP; 5 0.17 0.369
P4VP(20K)-PDP, 74 0.17 0.344

¢ Using the different M, of PAVP (160k, 60k, 20k, 10k).

o2 A2 3t Advanced rheometric expan-
sion system (ARES, RheometricAl)S A}&-3}o]
P4VP-PDP, bottle-brush®] 53 7|44 A42¢ &
AslAr}. Parallel plateZ® AM3}d  oscillation
mode® ZA& slon, 2L Y 20~80 C
2 2 5CH 25E s23HA 454 Fre
quencys 50 rad/s, straing 10% & Fgowd,
gap< 1.5mmE 7|Eeg AL A P4VP,
PDP g P4VP-PDP.?] Ho|2x& AxFA} 9%
71 (DSC, TA Instrument 2010)& A}&-3}le] FA}
AT 58 %3 5 °CE -10~200 C7A 714,
WZ4EHAl PAVPO feldo|2x (Ty), PDPY &
25 (T,)¢t P4VP-PDP. o] ZAARL=(T)%
2R3 9(4H) T €4 4d& W
P4VP-PDP, bottle-brush®] £zt 7@l (long peri-
od, L)E& #4371 98- X-ray diffractometer
(XRD D3 system, BedeAh) & Al&3lt). 232
5, 26= 1°94 5°717] 0.005° 7174 o2 ZA}S}
¢tl. Silicon substrated] A|EE 1 A2dA
CuKe, (A=1.541 A)& B9z A¢e 50kV, A
5 40mAQ =94 EFZe o L
Bragg 2]& =48t A&3i ot

oE

Ao} gl

P4VP2} PDP2| E4. & AT e &0l 58
o2 A% AEAEe] P4VP= Ubbelohde XA
& AMEl] 25 CollA JdEeE 8ME AR
([»DE Az, (DHAF 2L Mark-
Houwink-Sakurada 2]o] sl A= 2=k (M,)
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Figure 2. Infrared spectra of PAVP, PDP and P4VP
(60K)-PDP, (x=0.3, 0.7, 1.0, 1.2).

738t protic acid®} PAVP2] complex3A AL &
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Figure 2(a)= P4VP (60K)-PDP,2] 423t
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491



HAFE - 287 - AW - =AH

2ol =9 o]Fe F4AR 9% Helztn st
ek x7} 1.091 A9 1421 em 7k o] E3Y
x7} 1.290 80 o o]t o]jF0] gle Aoz B
otr x7} 1.0d o], £ pyridine®} PDP7} e &
2 =Qld F S complexE #A43le 22
2 21289t} Figure 2(b)E 1020-980 cm'g <
dAMe] AN 2dEE dshd Rez 5@
P4VPe EA =gl 993 cm™'#3rt £=aA o)
olFo|Fd wal 1008 cm™' AR 0]FEE @ F U
or, ¢Xg complex’t FAFHJUT A== x
7} 1.0¢ wl= free pyridined] 4 W=7t A3
ARIRIE Ag ¢ F AT
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Figure 3. X-ray diffractograms of P4VP (60k)-PDP,
at 25 C.
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(a) Sample sheared by no sliding
Figure 4. Polarized optical pictures of P4VP(60K)-PDP; ¢ at 25 C.
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(b) Sample sheared by sliding
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Figure 5. Temperature dependence of the dynamic
storage modulus G* of 4VP(60K)-PDP, at various
frequencies w (a) and Isothermal frequency scans of
the dynamic storage modulus G’ of P4VP(60K)-
PDP,  at various temperatures (b).
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Figure 6. Schematic illustrations of P4VP-PDP,
hydrogen bonding and lamellar microphase-separated
structure.
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Figure 7. Effect of temperature on transmittance of
P4VP(60k)-PDP, (x=12, 1.0, 0.9, and 0.8).
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Figure 8. Phase diagrams of P4VP-PDP, of P4VP
by TOA method.
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Figure 9. Dynamic storage modulus G’ of PAVP-PDP, with the molecular weight of PAVP,; (a) 60K, (b) 160K, (c)

20K, and (d) 10K.
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Figure 10. Phase diagrams of P4AVP-PDP, by DMA
method.
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Figure 12, Phase behavior of P4VP(20k)-PDP,
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the C,sHa;-side chain of 3-pentadecylphenol.
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Figure 13. L, as a function of x for P4VP-PDP, at
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Figure 14. Schematic structure of P4VP(20k)-PDP,;
(a) x=0.7, (b) x=1.0, and (c) x=1.2.
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