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Polyester/Polyhedral Oligomeric Silsesquioxane Nanocomposite by Laser Light Scattering
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Structural Analysis of Microphase-separated Aggregates of
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=E: Zgo~E 9} trisilanolisobutyl polyhedral oligomeric silsesquioxane (TBPOSS) 0% A %% W=k 5o
AR SHAY T2E oldlsl] 918kl SEM-EDS #4139} 1,1,1,3,3,3—hexafluoro—2—propanol (HFIP) &
o]l =21 7 o)A FakgbHo] AAIEATE SEMoA H+t 217 120 nm= YEeRd 78 -SAAlE 71shd nle)=
20| ofe}, 32071¢] TBPOSS #AHs¥ ZeldlH wdeo] wulE JdE A8 T8 A& GAE T 24
=2.3%x10° g/moD o, 0|52 WEE 0] Zelo| A B9l 3lelxA] 2jo] wjiel] AHeld Aoz o AXI) b
off FAE EAFo] 4.0x10" g/molq] MEZAS] EejoAE= Bx1g 25712 TBPOSS #AH2 Egstal 9
£ Zo® vehdeh e YolE TBPOSSY oF 93%7t vlE= 2]l EAlah vhiA] 7%= 78 A B2

ataL Qlth= 2 Beslvh

Abstract : In order to understand the structure of the existing aggregate in the nanocomposite, which
has been prepared with polyester and trisilanolisobutyl polyhedral oligomeric silsesquioxane (TBPOSS),
laser light scattering(LLS) and SEM—EDS were applied to its 1,1,1,3,3,3—hexafluoro—2—propanol solution
and original sample, respectively. Although aggregate particles appeared as spherical shape of the average
diameter of 120 nm in SEM image, they were not microgels but almost linear copolymer chains (M14,=2.3 X
10° g/mol) alternating 320 molecules of TBPOSS with polyester subchains. It has been microphase—
separated from the matrix polyester due to the difference of chemical composition. As the matrix,
polyester chain of A,=4.0X 10* g/mol had averagely 2.5 molecules of TBPOSS per chain. It is also
found that about 93% of total TBPOSS molecules existed in matrix phase and the residual 7% in
spherically aggregated phase.

Keywords : POSS, polyester, nanocomposite, light scattering, aggregate.
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AR, NP0 2= WYY 71 B MRS V1SS thyimethacrylate) —POSS Y E21 219 (polyolefin) ~POSS, 12
o] %2slo] Ik o)) WA 2H87] THEE U ¥4 87 o rlel(oolysyrene) -POSS. MM S8 S-POSSE S
oF WS 3 4= glar, kA 15 POSS2] gl ol g 7o) ol BE = (hybrid) @ Lhr-EaAl2 7t B T 9l o]
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55 AT o)E3t Bl A% e thet oo =i
=& POSS7F ¢bd sl #4k)A] st POSS €571 &4
Eo] 9lom, ol xM Fd Fo= ST A AAl= 50~100
nmelA® FAE 4 ume) vlola® ©r9l (micro—domain) &) S
AAE et Bieskar itk olefdh wEs Akls] AuEd
HjEAS] miAkeL POSS Ae]e] A-841L] 2folof] &l &3
AR 7E whska, Yol POSSE] ool et Wshs A4S
2 g8t o R dAsle] Kol a1 Q1S W, ol=ist 542 Wsle
T ARl SAS) FRIE AT ERIA] W /A FE ]
217, B SRA tells 7k POSSE 2 HAET}F EAlsh=
7} 50 FRARI FAe- 719 ®alE|o] 9lA] ¢l

#<* Yoon 59" whe] ojshd, w-e7]#A 471 (~OH) 7}
370 B 870 HFE] Q= POSSe} Zejoldalezeeo| &
(polyethylene terephthalate, PET) & =B35S #| %3 5
o] HFAEL] SEM ARLE 248 A} ekellA] Aw5gt vk} 2o]
HE o) 2138) s EvrdAd (heterogeneity) 78 A=
o] FAo®E KBl Sl Zs WAsGla, dF-2] POSS7E ¢
A FrkEA] Fsta el A2 SAEA SHAE P Ao
2 F53Ieh wEhA] 2 Aol e dellAE A5t kel o]
Alz=lelA] YRt Bt d st Fa2e] 33 Al (aggregate) 9] AL,
A7), 7&, YW AR 5 ] welEast sl Zlolvk 58] 2 A
Toll AR POSS+= #4214 7719] Si €}, 7719] vpekeAd o4
T I3, 3709 FAP1(-0OH) 7} RES712A FatElo] Sl A=k
(MW) 791.43 g/mol®] Ez]al@go] A% E (trisilanolisobutyl,
TB) —POSS (3}8}2] : CogHesO12Si7, ©]%F TBPOSSZE ¥EA]) ot}
o] TBPOSSE= w4 37048 EAldhs —OH 1502 Qlsto]
TBPOSS #AF 217} 3h4e] 7HA17 (branch point) &j&E ak=
2 ZgoAE ARES w9l TBPOSSS —OH 7+e] 3 Wt
So] AsPA ARIOlE 7 e Adigt 12 AHrandomly branched
high molecular weight polymer) 7} 53] &A= 4= a1, o]=0°]
oS ddshd AdFe nlo]a =24 (microge) 7HE 332 4 9
7] Wl Az Al A TBPOSS ZAduel w2 129] zjo)7}h
ofugt A& gelul= A% Hlg- <Jn| Qe dolok 1eut 14} ©HA|
ATeA B =M shue] A TBPOSS 24 Z7delld &
el B85 SEM(scanning electron microscopy), EDS

)

(energy dispersive spectroscopy), 94 @ik, 18]35 3

RIS o] g3to] =R Akt 79 SRl BARE A4

TZ, T AR 58 ARkele] Bo w4 TBPOSSSF PETS thie
3t RollA whlE SA2] 5 ols)] W o] EAWH S
3faa} sk,
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PET/TBPOSS Li-=8He| MZE. PET Z]olxHe] 32
g st duee|dZEgo] E (dimethyl terephthalate,
DMT) &} JunseirlollA] 113t & @Z2]F (ethylene glycol,
EG), 183l FvjZ+= Tokyo Chemical Industryolld 13 HIE
gfo] Az 2d @ EAREJEN|O] E (tetraisopropyl orthotitanate) 7}
AREE QI PET/TBPOSS WrB3A12 w5 93] dAeke)

Z0M, 43148 6=, 20074

TBPOSS7F 8afilo] 9= EGE ol83le] el T3al3t
o} ¥ A39] TBPOSS= A4 §dsk= thiil Hybrid PlasticsAt
2HE Fufsto] 371 FAlgle] vz Adel ARSItk 1170
2 FEREE 190~230 T AlelelA] fAIek AArkA $de|
A Edlro|~E 3} WkS-(transesterification) & Z3f £7HAIQl v~
| =EAoE g g o] E (bis (f—hydroxyethyl) terephthalate,
BHET) & A3 H, v AR 2% 280~290 T} Xaxd
oi FEE-S T3l wEkEo] WA Yo =S kA HTHoR
PET/TBPOSS B3 2E Alzs1ck " oju) TBPOSS 2]
Al ghegel wlebr] RkEo17l PET/TBPOSS A9 W] oZA
TBPOSS7} PET %419 3% 37Fe HA=e] B9+ PET/
TBPOSS3® 7]}t

PET/TBP0OSS3/1,1,1,3,3,3-hexafluoro-2-propanol 2. 2kofx]
AF3 vkel o] Az PET/TBPOSS3 WighAl kel EAjs)
I SlE RA 9 wERA vl 22| tidk IRE 248 )
et ZEloll~Ee] & EAIQl IEF e 22w e(1,1,1,3,3,
3—hexafluoro—2—propanol, HFIP) & &2 AF319c} PET/
TBPOSS3 53417} A2l HFIPo| €A =4 ¢k, &vj HFIP
o] W& FER(60 C) witel] 719 4 gloms felwel HEIP
v} PET/TBPOSS3 S35 7 Yl S8 ¢bds] g9 &
U (flame sealing) A17! ¥, 2F 80 TolM 3 Az A% wHAZHE
Y &HGA k8] = 5= QlQl) piHEke 2 9] §hS 0.45 pum?l
HHgRl e E o]&slo] WUAE AATCEZHN JAt AlRE Ve
T ATk

A AL Ak G o® Ar o]L #HolA2 514 nm I}
7o) AR8E9la1, AEAelA A A&st A goniometerE ©]E
sl A2 AR A1 S8t ol Yozl Akkge] A7)
T ) 22 A5E o] gste] A4S A=tk

I, :loexp(—%l?gzqz) (Guinier eqn.at € -»0) (1)
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A7 g=dmnsin((2) /A= AFPHE Q] F1710) 31, L= o9 A
g A71elx] Sale] ARl AZ1E W gholr Ry S1k6H, Ay
= 22 Bl AGE sk B3] 2] (D) ol R A% F
ol sk |G A4 Rayleigh ¥ $8lal, K(=4a"17
(di/do)*/ 20" No) = H8P35rolv, 2] (4) 9] Zimm plot 21 4] (2)
9] Zimm®| 2le| FEr & wote] FAET A M7t
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oujgit), 53] 4 (4) oM F= oS Uehl: 24.C & Al
Asha 2] (2) ¢} T2 P49 Aog Mg,

SH mMEE B AR A= BrookhavenAe]
BI-2000AT tA" A|7Hd717] (digital time correlation) & ©]
g3to] SYstdet olw) AAATES] HM$l= 1 psec~800 msec
AEE ZA3Ith AnkA o7 A 7MdeEo] BAHPHE of g
7HA7F Qo) & AelMs AR Al RS A eat 7
Z2- NNLS (non—negative least square regression program)
BAHS ARl W71ge] ARl &Y 08 A5
9] gto g B3t}

gV =2G(/)exp(=/"r) (5)

A7 77 = B234Z (characteristic linewidth)©l1, G(/77)& 77
o FAEON 53] /)5 gl thisle] :eAek &) 71e71= e,
= /g S §OR TAE S g=00lxe] Augkowiie &
AHAIG D7F QojA| 1, o]$t D gk oFle] Stokes—Einstein 2]
& olga At Tt wbg RE A7 Ak

(Stokes—Einstein eqn.) 6)

6 um
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Figure 1. SEM images of PET/TBPOSS3 nanocomposite material.
EDS analysis has been done both at the spot of spherical
aggregate in (A) and at the square part of the matrix of
polyester in (B). The results of EDS analysis of SEM images
of (A) and (B) are listed at Table 1. The length of bars in (A)
and (B) stand for 1 pm and 6 um, respectively.
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SEM ARl M Figure 1-& PET/TBPOSS3 E3H1S SEM
& E3j 2 Aot} th2k 27 100~120 nm AL 749 $4
A7} ARAEkaL 98-8 Figure 1(A) ok Flo] & 5= Qllar, AR
ol BAIE F229] EDS a4 A= Table 1] A9lck gt
EYA FES HolF T Q) Figure 1(B) oA Ui B512 2191
ko] QJAFE2 TBPOSS -§3A17} efel, F71952] Jaqle]
EDSell &) wiajic) e A F2o) 9484 Av: Table 1
of &7 71A81AE. Table 12 wlERIA Fita) 8334 F42-2] EDS
Ao Si g4 g7 -SAAINE 2.75%, WERA Fo
A St B 1.25%=M, 7 &g Afolell= oF 1.5% o7k EAgh
t} o]ggt 1.5% zloli= AR R7)ef| AL A2 AAZ 5= A2
U F21¥l TBPOSS o] 3 wt% 2 21 aelebd 1.5% =+
o= 3] > AIqlo] stttk SigF st TBPOSSS) 3t
ZF WhossSke] o141 A Whoss (Wt%) =4.03 X Wi (wt%)
< olgshy, Si slEeZHE 7 TBPOSS $5ks: Altet 4= S5l
o 1 A3 Si9] gEo] 1.25%Y Wl Weoss & POSS FAI%=
5.0%°19, 2.75%Y W= 11%2] POSS A% fojf oz 4
A EAISHE TBPOSS S| 2 HER] oA Kt F H o]
Azl olths 2E < 47 AUtk TBPOSSE PETHA -
A2l 3% H7Istit] e FoAtol 5%% U & 3
21 PET?] &3 T8del waksoe] waurbas FA a
7} agEa, F HAIRE EDSS Si il At e 7}
SAE QAItE ey ArleAfels Betal $19] AR SiE

2o FrE wEo] Qlths ARLS ojujain, B el ol
AR SREo] QRS Bt 7S Eal ule] Barat gkt

& ZARE BM Figure 2004 o8] FE9] theBi &
oS 7}7ke] Azt RelA S AA Akbge] 4712 Foll dist
o] EAIEL) Figure 204 ARFEAIZIE 11481417)7] $1510]
I 3 55 Cob wlAle) Akbge] 479 £, 0% wPrre] itk
olefat Aol A71E SukEA| siAlsopt Al g o) Bapek 9l &
A4 <xte] AL 7191 ST e 42 gtk At A
2Ele Bypolal SRA Y] Ank PET o] 2~El o] A&
TEFO M AW A7) AEE ANAQ B WS e B
S HolFL ek ARMIE] Z17] = gofl tig Akeige] Al7)e]
et 7)o & e 252l 24 (2) ~2 (4) 7keE] o= S o]
g3l sXle] BrFsslsith = Figure 29] 29118l E A
B A719] &5 ol groll thalel A4 dial Sdow dotslz]el
Zimm EFJe] Aoz? giale] mutsldar wat Ak A7l =
71 3 TAI3E Figure 204 % 2H4o] HolH 0P F Guinier 2

Table 1. SEM-EDS Analysis of PET/TBPOSS3 Nanocomposite

Element Aggregate” (wt%) Matrix™ (wt%)
C 71.03 67.48
@) 26.23 31.27
Si 2.75 1.25

“Aggregate : Figure 1(A), =+ Matrix : Figure 1(B).
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Figure 2. Semi—log plot of the scattered intensity against ¢* at
several PET/TBPOSS3 concentrations in HFIP solution. In
main graph, the modified Guinier plots have been shown as the
various type of lines.

o0 2%B FMst 47} itk EE Debye—Buche 402522 1
A& AlEste] Hoko) v vlet Avpr) AojX]#] okshry. wf
A o]& HlolelE sliAlal] flste] 2 ATelM= Guinier A&
Al e AR o= Guinier 2)o] AEE AL =2 Akt
2o M= AR Al717F QA FAEES shA, o)F Aol
of W} 3k (cross—over) Go] EAlSH= T79% Guinier &

o2} o] Al]kalith

(Modified Guinier eqn.) (7)

1. A5
m, 112, 1137 k4

fittingell 2J3l T-3lixl= TebeE g
53] mpv= Guinier 2]0] §4]%= G} Alebge] A7)7¢
Qo A o] F= Aot &, ¢ <my Y S-St
AQFEE 218 Guinier 2102 W11, 7> mp o9 Inf = UASH
& (m—nmp) 2 AZETE = =0¢ wl F A3 AlVl= exp
(mm) o™ exp (un—mm)> MMEZHAR] EejoAH AREE2] ALt
o) A=A FAE 4= 9l o] F #ke] AFelRl exp(an) —exp
(mm—m3) = -S4 YAke] ARbge] Al7|1= a4 4= glck

Figure 3°lX HolFal Ql= 7F sRolxe] KOR, A8as
T49 Guinier 2ol 280 =2M my, mp, mzE THoH, oW
ARG FEPIE K(=47°1 (d/do) /o' N 2] 3ke 918101 ARg-Hl
(dn/do) pee= ©FN2) AL B3l Aozt

(—pe = (_)pET Wopr +(I)POSS " poss

8
de™™ de ®

71 Where 534 UlellXe] PETY] FA 8, Whosst 5314
ylellx ] TBPOSSS] Al E8& 242t olulkal, Wepr+ Mhoss=1
9] F2lo] AErt (dn/doposse 78 TBPOSSE HFIPe| 5
& we] grolxrk TBPOSS7F HEIPe|| 4] ekomz 24 274
g 4= Qlolek 121=E TBPOSSS] o5 w88 1.437 UE poss=
0.969 g/mL$} (d/do)poss= (mposs—mrp) /pposs] Ol 225 ©]€-

Z0M, 43148 6=, 20074
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Figure 3. Plot of KC/R,, of the aggregate against nanocomposite
concentration in HFIP solution. Here, the KC/R,, value of
aggregate can be calculated using the equation of exp () —
exp (zmm—mi). Even though the determination of the accurate
molecular weight of this particle is very difficult due to its
non—linear behavior, it is clear that its molecular weight is the
order of a couple of million g/mol.

31 (d/dd)poss=0.160 ml/g #hs AXFS 3l Fofwlct. AA=
TBPOSSE #:it(hexane) ol 5S4 $19] W02 AAlst
(dr/de) poss-1ex=0.065 mL/g 74} AA] 2E=] 0.068 mL/ge] A
B2 IXNE HYoR 9o W] elAS PHeR 5s
gtk AAE 2FANE] TBPOSSS 3l o= 11%E, 5
3 PET/HFIPS) (di/dd)per AB#E? 0.292 ml/g, (dn/de)poss=
0.160 mL/g= 273t 7 & (8)S5 o]&3tod (dndo) ags #& ANE
st A} 0.277 ml/g& AR Figure 304 HolF HlolE=
SAA] (d/do) age F0) 0.277 mL/gCZ AXYR KGR #o)
o, TReF Whossdl #hol v A2 (dn/do) 3h& A8l A%
Zow SHE FARET AR M S THA Akslof st

Skefa] Agst upe) o] 2] (7)S o]gstd S3Ae e
e St ni FEOEHFE & 5= Qirk o714 Uk ElelAH
AREAZ = RAIS] 716 vlEl k- Fol 1 7ol miE ALl FAl
sk = Qloke= 7Hgo] ARHSITE ¥ Guinier 2ol R
(3 m/np) & ARYEY, o) AA] AXKE R, #-2 Figure 404 1.
oJF%o] e wet tha Avet HxE Ho] a1 Qi) ol=gh
HAxR= 9% Guinier 218] B8 dof] E019)= np dv|El9] 4
gt 7ol BlwA oY) W]l Aoz AEh dAFOE &
T oj&do] A%t atdkge] A7)l @] A A7) wE A0
o9 oksliar 7Pgst Aat B R, #E& 145 nmE FolFar, A
& PET/HFIPAIAES] 49 Balof® olu] wag 31497 RS}
BAET BAE M, Alele] BARRl R=2.8x10""M, V=¥
SHAL) BAFS Axket A3l FABE A ok 1.6x10°
g/mol o7 Aofxirk Teut AR B AFpte] AV 7
2 Al A 2 97)9) AF ariExjel] vjs) EAge] Kt o
g ZoR dqFHuE Fest P AR A%E v|FQh
HaR Ry ARMeAE AXARE dyde #hell ek E -89
SHY R, o w e ¥AF AR dndes)t Foeh ©] 7)
Al Grefqt o)E=d Aol
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Figure 4. Plot of the radius of gyration A, of the aggregate
versus nanocomposite concentration in HFIP solution. Here
the radius of gyration is calculated using the relation of K,=

(3 my/m) V* derived from the modified Guinier equation.
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Figure 5. Plot of KC/R. of the matrix polyester against
nanocomposite concentration in HFIP solution. Here, the value
of KC/Ry, of the matrix polyester can be calculated from exp
(mm—ms) of the modified Guinier plot and finally the weight—
average molecular weight of matrix polymer chains is estimated
as My=3.5%10" g/mol.

718 21 o= SHHER wEEA o] ZE]o|AE AKE2
BErlk) dukE)o] ok ZF wwolAe) exp (i —mm) FEO ZHE]
KO/ Rrarice A8 H “g5e)] tligte] thA] TAISE Zlo] Figure 5
olt}. oju wjEZ A= 95 wt% PETS} 5 wt% TBPOSSZ -4
O TR (dn/de) marix=0.285 mL/go] AFEESIT w4 Zg]o]
2ERES w5 A FA FollA AT AR sk FAIE Wl
oo} st A FAE AAFAL] F3] AFo|EE A 5
E AP HEYAS FER ISl R @A vl 2R Aotk
olgA a9t ZEJoll Bl A Bt EARES o=k 3.7X
10" g/mololH, sizol thet 7127 2R T8 4,9 e 4.5
107 molml /g” 0% Qoj5itk. nS=5h Fxpke] PET/HFIP Aol
EFoM® BaE A, gho] 3.9%107° molmL/g*3} H]m A
T2 UAE Hol FEE 4% Guinier 219 EF'/dE THA
g ATt

N ZHIZE BM Figure 62 A1 18E gkollx] Axsh A
78 (time correlation function, TCF) & ¥% 8.75X107°
g/mLellA olg] Alzteela 249 12 TCF JV@E
sin®(0/2) ol hato] EAISE Zlolth AQlEl I¥lela] mio] ofg
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Figure 6. Size distribution measured by dynamic light scattering in
PET/TBPOSS3/HFIP solution system. This distribution is
calculated using NNLS program from g () measured at
scattering angle=60°, nanocomposite concentration=8.75x 107"
g/mL). The arrow means the border line separating the
aggregate particle and matrix PET chain. In the inserted graph,
the normalized g(l) (r)’s are plotted against the rescaled delay
time of sin®(@2)r at various scattering angles(symbols from
the top; @ : 45°, O:60°, ¥ :75° A :90°.

Azt 4% TCREo] A2 A= A2 HA: Bss B
o] o]AL EAAGTL Poll QJE&dITh= Adl ek Fo)n]

OBkl EUAE 100 nm Z718] SRAell A dofjvhs Y-
252 5 T -SAA AAL Rty vl o)k

Figure 6& NNLS#R= Z2 7318 o]fslo] 98 9lx}e] A7
FIEERA YA Aol theh A AlRbEe] AZ1E ek 9
oltt. $19] THelA A} mEY A FeolaH ARES 775t
7] 918t A7 36 nm(=4¥F3 18 nm) & AAR o|wr}t & YAt
 SAAIR, 1 olshs PET 12AF ARER tha fejHor s}
Atk 1 o= PET 11#A ARE2] Bt 5884 W R7F9 nm
drolmg Aol ¥ 18 nm(=2% 36 nm) 8] AES ARkAoR
TR ARETT] WAL At Al S, el s W 100
nm 534AS] YFelME HA 18 nm o8t YAE SAAE o
A T gl7] wliEelth SlEo] A oke] - eelA] o=k 2% 35~
40 nm F2ol|A el =47 Eeko] FAE R o]F SIIght
o|e} o] Tt 7 22 7] YYuiE mEY RS Eee~E 9
A7NE T Al JYulE ALY AR Sl Bt RE 7 T
AL olF T ¢o0E SAIA B mEH AT EElolA
B AREE] FEEA P Rk SAAS sHEA W R, whe 4
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Figure 7. Plots of the apparent hydrodynamic radii &, of both
the aggregate and the matrix polyester chain at various nano—
composite concentrations in PET/TBPOSS3/HFIP system.
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Figure 8. Plot of the R/R, ratio of the aggregate particle at
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system.
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