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Synthesis of Novel Network Polyesters Containing Malonate Group in
Main Chain and Their Fluorescence Image Patterning via Photodegradation
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Abstract : 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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A8H 3 Yk Fg oju)x) Hede FAshe RN T8
2)2=77209] (photolithography) WHe] F2 o}gxe] kv, o]% )
B2 1A E o) ¥ photoacid) I FFHTA iz
(prefluorescent radical) & #4HA)7] UFe] T8 50| 2 ALY
I 3, 2ok 7154 94 2EAES ANl 83 on)x] )
BE Fdehs 299 e MoK ool 1 g0

HZ & A7HME LR2Y0)E7S FAkee] X3kl AU
F2oliel2e] ZejEe (prepolymer) & AXE A 7749 (soft
lithography) i 2] sk}l rlolazER Ay B (micro—
transfer molding) 22 E¥ 334 & ou|NE Gk
ZEPHE Zeum) FElE Fsha, 3540) et 7k w2A)e]

HO

(¢] (o]

VT ZoAH =]

T R 59 o182 Y olnlA AEY 57
TH BHOE sl BEH S HEC) §AL mo|IREWN &

gajol malze) o) BT, 365 nm oM SO of
A B9 B ol2 A halgele] B olulx] HEg
Tz

2 Aol ARTES TR e Fele] Sz s
o] olzel Yok 54 U 94 SYE Ak, o)) Ha)

ol &% 3 olm|R] FHegell Hajo] &SIt

p

i)
o
ol

Al
=

=

=Za(E2|H 12 &, =&l 12 APATolA] ARESE uby
7} 2U3 oz #AH Y Diethylmalonate (1) (Aldrich,

OH
HOHZCHZCO)I\/U\OCHZCHZOH + ud

(1) 100.0 mol%

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

-
HO.
U ”
HO OH +
HO
OH
(3) 100.0 mot% (2) 22.2 mol%
Cat. Titanium butoxide
Esterification 120~180 °C, 150 min
Polycondensation 180~220 °C, 150 min
-
U I i
(¢]
(3) 90.0 mol% (5) 10.0 mol%
Cat. Titanium butoxide
Esterification 120~180 °C, 150 min
Polycondensation 180~220 °C, 150 min
o

Scheme 1. Synthesis of prepolymer 1~3.
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USA) 9.41 g3 pentaerythritol (2) (TCI, Japan) 4.0 g& 80 C
oA 1AIZE FRF 7%k SlollA oAHIZ3} vFSAIZ] ¥ 180 TZ
RS} SRAIA 407 2t FAEI Bk AR F n—hexane ©
2 33 Adsle] sSEEAIE AASL, JF 2Bl Pasle,
FA Brgh AEe] HEYYES Atk

Za|E2|H 29 §4. =&Y 2% pentaerithritol (2)
(Aldrich) 56.1 g(22.2 mol%) 3} ethylene glycol (4) (9 4+
318h 89.4 g(77.8 mol%) 2] T+ &5+ diol¥} malonic acid (3)
(Kanto chemical, Japan) 215.4 g(100 mol%) & AMS3le] M3
Za5ict 0] 2L titanium (IV) butoxide (1 X 10* mol) &)
A 3lellA AET, 120~180 TolA 1508 ¢t o AH|2
3} \h3 3, 220 TollA] 1507 5 E3Hke-& Fgsiqich wks-
A7 F ZEEH 13 T2 o E AFsie] AE 7R st
2] AP EE 2T

=|ERiH 32| &Y. ZE|EEH 3 /HERE =o)7] Y5l
zEjEE 29 3ol AR 7 EF2 diol? F F7E] diacidE
Algatol A3t Diacid?! malonic acid (3) (Kanto Chemical)
112.6 2(90 mol%) ¢} trimellitic anhydride (5) 23.0 g(10 mol%)
8} diolQ! ethylene glycol (4) (33 A4 58 22.3 g(33 .0
mol%) 2} 3718] £X)AQ trimethylolpropane (6) 96.3 g(67
mol%) E &35k ) titanium (IV) butoxide(1 X 10* mol)
& AMEet ZelEee 29 22 2702 AXSPLE v
A F ZEYY 13 22 e E HEEHgon, IJES 2
& 24 mE Ao o 32 JAPEEIIT

Scheme 1°] ©]&9] 374 el

LES HzE. ZEEH 19 4L &olt Suphel A =
B3 & 180 TollA 5417t 3538 (post—polymerization) 3H= ©]
A9 Aol TR WS TR ARgsglon® TalEey
29} 3% 13} UsA BEE vk IYE L8 GHEE BT
240 TollA 1~4A]7F B 534313k

ZE0|0|&(Photoimaging). 21 100 W 4~ AL 2HE]2] 365
nm ALAE tiEANZN FAA AT BEEE EsIsich
g ojulX| HElg 47] Y8 TEM 181 =(grid) Nisshin EM,
H—7 type grid, thickness=10 pm) & LErlAIE AMSIT

&£3. 19 ZeE|Ee e ST BRI THT R
GPC (Waters, alliance 2000, THF, polystyrene calibration) &
B3l 2ol S7gsISick 29} 32 & L3lER U3 GPC 70|
E7Vs310d 16 = (ntrinsic viscosity) & &3t} Ubbelohde
HEAZ AREslo] Aol tetrachloroethane : phenol=1 : 1
Nl 0.5 wtRZE 3AA Al FEE 31 3F A=RE +
3}THTable 1).

FT-IR 2FEYL 7}7) B AElE JASCO-620V 2335
£ AHgste] SAAT 7 499 F9 FF (photolu—
minescence) & 2z} JASCO V-650 34335719} JASCO FP—
6500 FHFEAZ Z45dth CCD oMAEL txd s}
(Nikon DL—5M digital camera) 7} Z2rg 83 #u)7 (Nikon
Eclpse E600 fluorescence microscope) & ARLsle] E1E31910.
], AREe) W& FFA7E 233528 Ocean Optics HR4000
UV-NIR B33EAE T3 71533t

=M, #3249 A1ZF, 20089

714 - ARAE - 0lFE - =B - 28

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

1 2 3
M, (g/mob) 5000 - -
vs 0.08 0.06 0.06
Color Transparent  Pale yellow Brown
Shape Gum Sticky liquid  -Sticky liquid
“Intrinsic viscosity.
21 3 EE

Scheme 12 Al F59] Z)o2H 2 FRAEH T35 Vet
A Rolr}. ojr] Bagl A FelolAE2 131 titanium (V)
butoxideZ Zn|g AMgsly, AAEHERS) B3 AX EFEE 3t
= 5 A9 S B3 4 At U R FRE AR &4
AEEE ALk Table 1] ol ZelEE|HE9 SRR} L
A% (intrinsic viscosity) 59 542 Z42F YeRIRIEh 12 5.0X
10° Ao vk g gRARe yehiigly, B35 0082 &
g 1e) 291 3L ¥ SRR A FAFSAH] £}
I3, F 2EA BF 0.06 = W niAEE Ve
t}. ojgj3t AHEL kS F FARES LRUP|ET|NN 7Isk=
Knoevenagel Z3ibgollA] 7]Q1sk= Ao = wajgrt®

AR el Rz ulo|ES] AW vddilr] 9] Epislel] Fasdh
o] —31 Kcal/mol2 wll$- ZAh' wfzjA of& mate] Pl 1
Lol P == ¥kS- 3 Knoevenagel F3REs0] dojd 5= 9l
t}. o] §hgoZ Faby F FEAQl PRI 34E I, ol
A Z710) dlel) @42 ZEsH Hof oAy W& FHEEA}
P} e 35852 UehiiE Ao % 189} Knoevenagel =
kgl F3AE FHolld ohA] ZAE] AEE Aot
A mmgt T Zay 13 g ZejEde 29} 32 Ag 244

AE 71 dAR dojy, AR FFHsl FAad
=8 d9ith 0] F2E FT-R E5E34EAE o831
I35tk 3500 cm ™' FFel Deke] Aol 7103 B
Su A9, 1740 cm ™t FYolN XE 270 YIAske B E5
935 3193t} 09} t1Ee] 3000 cm™ Fol ddAr)e &
F HAT TE ERpeA 28ldd 5 gtk

IR} EE2] GAe Azlel mE AL F AFE
o] H3}E Figure 1o YeRiSIT ©]A9 Atelld ZEdlo]
E7IE FAKE| g6k 10] 12 GAEE B3 AVIEE FEl
Knoevenagel ¥+2-(Knoevenagel type self—condensation)& 3}
= AL BRIty AukE 02 Alokx(cyano) 7], UER (nitro) 7]
9} o2 (ester) 7] 22 AAFEA (electron withdrawing group)
o 3 Agtslo] B3t A HLEWNE 7= SEEH Al
E(EL R0 IRIES 471 Fule] A sl SRS
AA §ol5 TS THAE SRES WA T Uk o] vhEE
Knoevenagel Z3Hkgolgty &0}

T3 7)ol AR kel Zol, telgdgRylo|EL] 2] HEd
o} geddlell Fa s A Urh) S 2olA 31 keal/molZ
o}, o]2f3 AR, 19 2] AdRA7 7 Adid o R S 25N
HEAHINE DA giagoleg T 5 o, NV I8
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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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FER F53 & n2dxg sk oledt B Ul Hlog )
el Sict. web ZeiEe)d 29} 38 2442 160 T} 180 TellA
23 5 PAY BES 240 Tolr] A siint. 294 39] A
T dxg) ol F471 nlud oepA 242 319 nme} 331 nm
B2 n—z* HololA] 7|k FFFUXE 2, 260~
600 nm7I<] HlZA H Fodold F57t BEEI o] AL o]
L 32t g A9E Lo g 9] 18 248 ul A}
Arh 483, 240 TN BAE] ARl we Fiert 718t
= o} 7 IREAel TAE ) oEF AHEL 19 rR AR
29} oM e A g B MRS T TS Yk
7taRkgo] doikg-g ojnjgt.

P FATE U9 ol5ATE BlE] a8 e A F
o] 1Rz} EE2] FT-IR AMEHS 33} Figure 20 VEd
Witk 18] 729 Alzke] Z71EEE 1632 cm ™ olK ©hAo)E A%
oA 71lsk= 5 F=7 AR STIsIReH, widal)el shadr)
9 FrEA mlae AR Ak o2& A2 olFdde] §
AERAEE ERNATE Aao) 1, gt RS Yol 54T &

—a— before thermal —treatment
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—a—after 2h
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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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Figure 3. Photoluminescence spectra of the films (95 pum in
thickness) before and after at 240 T in air for 4 h.
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Figure 4. Fluorescence quenching rates of thermally treated
polymer films under UV irradiation power of 1.15 mW/cm? §
and 7 are the fluorescence intensities at 450 nm before and
after irradiation, respectively.
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AHE R A3 4 QLA o) S ol8d) XE nphaE S
TGS FF olm|RE A 9 F YUk

PLA®} PCL 9] A4 Zjolae29) 3 Ba| wigo] Qa7
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Figure 5. Fluorescence image patterns obtained from the 30
pm 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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