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Three types of network polyesters have been newly synthesized by a two—step condensation

reaction by the various combination of several diols and diacids. When these polymer films were thermally
treated at 240 C, they exhibited absorptions in a visible range despite the forbidden transition of carbonyl

group. When excited at wavelengths above 330 nm, the polymers showed fluorescences in a wide visible

range from blue to near yellow. These fluorescence phenomena are due to the formation of certain conjugated
structures by the Knoevenagel type self—condensation under the high—temperature thermal treatment. These

polymers showed significant difference in the thermal properties as a function of the degrees of chemical

crosslinking. They also underwent photodegradation. Highly resolved, fluorescent image patterns were
successfully obtained by the photodegradation of malonate group under a strong UV —light irradiation.
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2851 k0 G olmH] FEPde PAshs wlow
2471209 (photolithography) o] T2 o]-g&¥o] gk, 01 A
FE52 1EA n|Eg || X EXH(photoacid) 2 G374 Sz
(prefluorescent radical)—% AR AFe] muEo] 7 ARE
3 9031, HZolks 715 39A RAE AREsle] 33 oA o
He Poh= HHe W AT oo g0

FHT 2 AT ERUO)EY S FAKE Edlehs A
Zgo~El2) Ze]ZE|W (prepolymer) & AZE# A T#9] (soft
lithography) W 9] shiQl vlo|aZEMAY &Y (micro—
transfer molding) 0% JHE9 324 &% oln|x= APk’ 1
2w A(gum) FEE FHska, F50] At 7t At

HO.

o (0]

HOHZCHZCOJ\/”\OCHZCHZOH * Ho

(1) 100.0 mol%

Esterification 80 °C, 60 min
Polycondensation 180 °C, 40min

S
HO
HO OH +
HO
OH

(3) 100.0 mol% (2) 22.2 mol%

Cat. Titanium butoxide
Esterification 120~180 °C, 150 min
Polycondensation 180~220 °C, 150 min

(3) 90.0 mol% (5) 10.0 mol%

Cat. Titanium butoxide
Esterification 120~180 °C, 150 min
Polycondensation 180~220 °C, 150 min

\_/\po)l\)'\o

Scheme 1. Synthesis of prepolymer 1~3.
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USA) 9.41 g%} pentaerythritol (2) (TCI, Japan) 4.0 g& 80 C
oA TAIRE &2F 7 atellA] elAHE=S: vhgAIX & 180 CT=
3] S2AA 403 B2t ARk B FA] $- n—hexane &
2 33] MFsto] nRESHEAE AASK, WE eelA xSt
A Bst Ao HEANES ATk

Z2|Ee|H 29 &Y. ZEY 2+ pentaerithritol (2)
(Aldrich) 56.1 g(22.2 mol%) 2} ethylene glycol (4) (&g A
3}8h) 89.4 g(77.8 mol%) 2] + &5+ diol?} malonic acid (3)
(Kanto chemical, Japan) 215.4 g(100 mol%) & AF&sle] HA
ZF33199tk ] FFE titanium (IV) butoxide (1 X 10* mol)
EA) sl DA, 120~180 TollA] 1501 52t o8l =
3} REG §, 220 CollA 1504 &3t Fee-5 Jsleh ke
A § g 19 22 o w Aeste] e 7R g
2] A ES AT

Z2|Ze|H 32| &Y. =&Y 3& TSRS Fol7] $I5t]
x| 29] el ARSE T T diol¥} T+ FFE] diacidE
Ag51e] AF8IIT Diacid?] malonic acid (3) (Kanto Chemical)
112.6 g(90 mol%) &} trimellitic anhydride (5) 23.0 g(10 mol%)
¢} diol?! ethylene glycol (4) (&3 44 3}8h) 22.3 g(33 .0
mol%) &} 37}F2] EX|A|Ql trimethylolpropane (6) 96.3 g(67
mol%) & Egtelar o= titanium (IV) butoxide (1% 10" mol)
S AREete] g 29 22 270 =E AZSsith vk
7 & ZEEEy 19 2& o E AEEglor, dde2 21
S Z2AE m= AAgdo] Wl w2 ARSI

Scheme 1°| ©]&9] 374& HepSITE

ZLE M= =M 19 52 &uol ekl A9 3
g3t 5 180 CelAl 5A1ZF 358 (post—polymerization) 8H= ©|
Aol ATl FHEAG WS Tl ARGl on” TejEen)
29} 3% 19} sl F5= vk B9E TE2 GAEe B
240 CellA 1~4A17F Bt F3asick

Z&0(o|E(Photoimaging). Z1%t 100 W =2 32K E]2] 365
nm AE tlEdz=ell FFAA dAst A5ES 3t
g olu)A AYe A7) 918 TEM 12| = (grid) (Nisshin EM,
H—7 type grid, thickness=10 ym) & ¥XErkAIE ARESIITE

£Y. 19| ZEjEey ] 88T B TR A
GPC (Waters, alliance 2000, THF, polystyrene calibration) &
T3l Aolx] S7gaisick 29 32 W Salm® Q18] GPC 573¢]
B7Fs8k] 1 A= (ntrinsic viscosity) & 7334t} Ubbelohde
AEAE AME3Ie] Ad2elA tetrachloroethane : phenol=1 : 1
EHel 0.5 wte=E B3INA Al AEE S5 1/ HE=E
Sk (Table 1).

FT-IR 2HERS 212t 25 A= JASCO—620V w3357
£ AREste] SAsITE 7 499 &9 &% (photolu—
minescence) < 22t JASCO V—-650 #34=45A12} JASCO FP—
6500 FHFEAZ Z43kdck CCD oA &S vxd shvlet
(Nikon DL—5M digital camera) 7} 22+ 33 @)% (Nikon
Eclpse E600 fluorescence microscope) & ARl S50 0.
™, Aol w2 FFA7 = 874 E2] Ocean Optics HR4000
UV-NIR ¥FF=AE St 75313

d
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Table 1. Molecular Weights, Intrinsic Viscosity, Color, and Shape of
Polymer 1~ 3

1 2 3
M, (g/mol) 5000 — —

Lv? 0.08 0.06 0.06
Color Transparent  Pale yellow Brown
Shape Gum Sticky liquid  Sticky liquid

ntrinsic viscosity.
An o E=

Scheme 1& Al £79] ZjoAH 2 Feabdy} 245 et
Wl Zlo]e), ofw] Wl A= Eelol el = 1957 titanium (IV)
butoxideE & AMg3laL, o 2B 28} M-S AX FFES 3
7 WA g sl B A O T R MRS E
oIAHZE A3tk Table 10l o5 ZejEHEe] AR f
A% (intrinsic viscosity) 59 543 242} YeRISITE 1= 5.0X
10° Jwo)] ke e ARks YeRola, R85 0.08% 5
AE Stk T 29} 32 W REE JE) RS0l Bt
S, T IR B 0.06 Rl W RS UERA
t} olglst AHE2 W F FARES] FRUO|ET|oA 7]IsH=
Knoevenagel Z3HF2olA] 7]Q151= 2 og wagn)?

2ol teddRulo|EL] A HE) 9] gpaslel] B
o] —31 Keal/mol = wl§- 2tk whehr] o) aitate] gdo]
2ol WP m 2 Wk F Knoevenagel F§Hke0] dofd =
th o] ¥hgo® FRY S FEAR] TRt A, o)
TARF S Wl Q4R ZgetA Hof oA W At
Zo 2 1A EE YehlE Ae2 v#Er) Knoevenagel
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A el selEew 19 e ZEEed 29} 3& A 244
o AE 7R dAR dolxla, Ao R FE5Hete] flst
FEE A3k o] 73 FT-IR S5335AE o]8s)o]
BT 3500 cm T FeIA Wrke] Ao 7191k W
928} 1740 em™t GellA oA B2l 7]Qlehs e S
932 gRISIGICE 09} tiEe] 3000 cm™ Aol HEUl7] 9]
I Ia% BE aAelA] g1 = glgivk

A AEE2 A ARk mE Ao F AFE
el W3k Figure 1o Yelth o] o] ¢dellA E=zlo]
EV|E FAKEl Xgshe 10] A2 ExelE S8l A1 FHY
Knoevenagel WF2-(Knoevenagel type self—condensation)< 3}
= 28 BsQIcE A o7 Alobe(cyano) 7], UER (nitro) 7]
2} of~HIZ (ester) 7] 22 AR (electron withdrawing group)
off A4 Aol dstd A WEHAE THRE SEET A
E(EE gus|n) sites 9714 S EA) stellA] FEks
AlA BT A TS 7= SES A = Sick o] RES
Knoevenagel Z3k-go)ghy o) 972

B 7)ol AFE vkel o), HeldERruvo|EL] 41 Hdal
9] e=pasglel At AF(UHD) 2 2ok —31 keal/mol= 2t
t} o]l AR, 12] A WE A7 Ald o2 =& 2 EeA
SN E A BAgolE AT T o, FAE M
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9] Bhagold 7ldY9 ©aE AlGH R FAse] At
& Yol Az 015 A%S FTo =M 5% 3A72E 34
35 Q1SS YusE N o) 7 Qldl| 12 71E9] A
o] Zao a2l B 4= gl Bold e 5448 VeIt
Figure 1ol Hox|i= 213} o] dAf2] el 7kAld 9ol <]
F7E A9 BREA QAL 240 Col AAg|rIzIo] 4417
744 Z7¥ghel| whel 300~450 nm AeelA] 55 ol (band) 7} F
TeAAl S7KsReIth 53] 7k 719 n—xx Aol 7191k
315 nmoli e 55 FHow IA 7kl ol AdEY
o] wslel wek AR Mol F-A Fyahd dEo] A § As
=3H (pale yellow) 02 WE ). o= " dtxe] At vl
EYX (matrix) ol AAZ ojufdt 3 7327 FE0eS 2

2
polymer 1 —e— before thermal-treatment
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—_ 1.5 —<— after 4h
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Figure 1. Effect of heating time on the UV—vis absorption of the
various polyester films (thickness of films : 95 pm).
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AEA E 29 35 13} o] ARG TRY|EVE 2
SHER, 55 5 aL2dA ] s offek 5 v Z10® 7]
the it wheb] ZejEele 29} 38 22 160 T2l 180 CollA
T - AT FES 240 Colld 2Ae siglnt. 29} 39] -
&= @A el T2k vl orsiAInk 242t 319 nm$} 331 nm
2ol n—xx Aojelr] 7|k F=tiAIE B3AaL, 260~
600 nm7HA] Bl g2 Gejelr F571 dEE ) o)zl o
= A O A ZRlelaEEe del XIS AAs v A
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iy
ox

25
= Zo] F AEAeA] FAE G olest AvE 13 v X2
29} 3olME 12 AAe] S B MRS 3o TS Yk
ZhaRkgo] dolid-S <jw]dtck

FE T U] ol dEs ERls] S8l G A &
o] A FEEC] FT-1IR A¥ERS 57431o] Figure 2¢] Wet
ek 19] 75 Alzto] Z7F= 1632 cm'ollA ghaolE 2t
ol 71918R E4 Y=t AR ZrIsion, vddlr|e} gy
o] F54 Fae AR sl o2 AR o5 d o] ¥
AE RS FRINATE Aojo)ar, o A Uloll 588 &

—a— before thermal—treatment
—&— after thermal—treatment for 1 h
—a—after 2 h

—w—after 4 h

Transmittance (%)

r T T T T 1
2000 1900 1800 1700 1600 1500
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Figure 2. Changes in IR spectra of films(95 um in thickness)
depending on heating time at 240 C in air.
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o P37} P HASE Sulsh= Blolch.

29} 3olMz AAe] - 16313} 1664 cm™ oA whiolF gt
o 7Ilek= ST A7 AlEAl vERTE At 12 AR AIRE
o] T7VEE whho|lF ARl 7IQlshs ST A7 S
Sh= Wb, 29} 32 240 TollA] 1AI7F 52k AA2|sk A-9-ofvt &
2olFAT ST SR, AR Alkle] SRS A
W3} PR 2ar o] edl ARle] Aol wet ghao )T A &
7} 2% sk Zlo] FIHIL) oed vk 19] 4%
A Alzto] F7Igl Wk A2e- Tzt AGdom S}
She Wb, 29} 32 o] F= ] AlRle] A ARk
TREEE o= AZiEn) e o520 S5 vlgo] 13 1]
wal 22 o A7k o RaRke-S JAIEY] fIske] 29 3&
B} vk 2501 220 CANE dXste] FT-IRE skt
2 EoA ghho| e YA IR 2ARAE S
SR 71 o] AAE] At = A2 Wt §Idth

olefst A= 1~39] 7HA|glel| 2Jgt 7l e} Wriet AdS 7t
2w, o] 52] A& EAol| T et 93-S v ZloE yEL

Al aEAke] fejol (T oF AgS Ak A 19
7,7} 186 C, 29} 304 163 €S} 168 C= 242 LEpsie}. o]
2gh 70] AJoli= wAAl TS sh= thekst wegAe] AR
Al 2] ZE7t b 7HEEE 7 E BlellA] vlREE A
o= ydct 18] A9, 3 Ak el vl 79 s A
pentaerythritol& AH3I57] wiioll 7148k w7t 7P & Zloltk
AWtA o R FRErF AXA HH, 27l A 99 Sk
A3 77b Al AR, 7 sk A3 9 oA At
ARz Ul9] RHE wR) Ak ople} ARSI S FTRsHA ek
1 A7 olF Alele] o] 7] et A Akgo] WAsHAl 4,
o]t HH AL EL HH-8-5 (segmental mobility) ol FES 7
A Ho] &L 7,2 UehhA g

19] & 7HgkEs o] AR ARkl AR FTE
o] T7E AsHl Btk F, =2 7HSER ARk Ul
7FhE717F Ao, dell g3 fed wagolo] ¥4 &
U BHEO] ol ogn FoTrzo] Aol TIsHA Hi Flo)
t}. 19 v]3) vlad 7R st W 29} 3 W 75 YERS]
a1, 39 77k 200 wlalA] 2Rt A veksch 29} 39 F2E 4
HR 32 3719 #4412l trimethylolpropanes ARE-31] 714
Sl 26} 7] wWliEel] 77k = 3 Ve Ze® aew
t}. olgfst A¥= FT-IRE RIS koo A/de] a1
2 104 718 2 Axel XS

1~39] 738 Aoli= fefdoldgelae] ARzl 4l 7k
W wREoltk &, A58 Knoevenageldkgol 23l 373+

al

9k 12 A1) ARko] 4RIV Bl A7k A FKH
A5t 29} 32 A7) 1AL u) HehA7 1S ekl 1 olF
A s o] fawsl

2o/, 43298 #Al1%, 20089

polymer 1 —e— before thermal-treatment
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Figure 3. Photoluminescence spectra of the films (95 pm in
thickness) before and after at 240 C in air for 4 h.
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1
—e—polymer 1
—=—polymer 2
—<—polymer 3
0.8+
~
~
~5
0.6
0.4 . .
0 500 1000 1500

Time (sec)

Figure 4. Fluorescence quenching rates of thermally treated
polymer films under UV irradiation power of 1.15 mW/cm?. [
and / are the fluorescence intensities at 450 nm before and
after irradiation, respectively.
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o ol EAdelt]Zo] 3%+ Norrish—type?] o|AHZ &
3“‘31’%01] -9]??1' 7/_]\011;}_-3(),31

At - ATelA RS ZEHE oA Rajiks- )¢
T O Baukgo] Qo) U Zlow opdE), Axjle] o8l $4
Tzl 9%t wkgowA, IR ] FoTEE e olE
glo o) 2 AREAT|E U7e 7488 HolA| frk 1
2z 75 Aol 2kl olal] FAK: tlell AR 2ltize] oF
shejo} F32 Ee (trapping) 8 5 7] wEo]cE > o]9} v
A, 25 gz AL Flst F Y AAATFY(ESR ST
& MR o7 AW o] Wl gk MAVES t] A3 7
E=38 o o]t

G HalZ o] get AR vlo] Hall2 fEsle] 83 olulx] wE
S el FoUEE olgalo] wHallS w) FAE FY o
0|22 % #n)3< E3) Bas1o] Figure 59 eRIgIck Al 1

| B 9bds] Fgo] AWEAE kAl FolTxo] FEA

Ql Haflol] W APAAFO T ) HET) wER] ok Bio
AJol2 By v AL S FulaA B S Qlgieh 71Eel AR
59 WeE 315A10] 23 (quenching) oL} G8E xjolol] wle &
F olulx] FAah= g, AE ZEjelAEEE ke TE Aol
291 BS 2AVEl0], 12 AEe] o A o5 WEC] FuS
HHH o 2PA 5 9lan, o] WS o] 83 EE npAIE Ea
TEPFE] G o|nAE A AL 5 ATk

PLAS} PCL 59 AW ZejoH|29] 3 Fa] nkso] Q7
=9} ko Zajmle)] )A1H Aol TA] IS 7|AA] = Aow
BT ZaloavE 1~39] oPEs
ZAF A B9 20 o)F AgtelA ubeh= gir)ze] FAelA 7]
Qlh= Aol Fal] YL 3 A odEA] ¢kov], PLA
s} PCL 52] A= Zajo|~e|2s} o] 71414 ARelw 4
FFG vA|A kS A o7 wE Lt

e 2

2 E

ofe] o] IFAY 295 Bl vhE TSRS T A

polymer 1

polymer 2

polymer 3

-+

Figure 5. Fluorescence image patterns obtained from the 30
um thick films of polymer 1~3 on slide glasses after UV
irradiation (365 nm, 1.15 W/em® for 1500 s through photomasks.
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