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Z58: o] =2 napthalimidopropylacrylate(NIPA)®} glycidylmethacrylate(GMA) 35 A2 3 44 st
ATEA FTEAY 24, A vheAdH], FE A0S SR (e), YZEAMAGES T EH o] I35
52 ZAISISITE. Azobisisobutyronitronitryl(AIBN) 7HA]A19} dimethylformamide(DMF) £vS 60 °ColA 3535
St @A o] vkgdH]= Fineman-Ross(F-R), Kelen-Tiidos(K-T) B2 &3] WU S 3k}, & pH T}
A JEFSTE NIPAC] GMAET 3532 o] o B8 & 4 Aok T vheAdne] F ()l 15T} 3
oA E+A3E w3 dATE FAEJL e dA7E] dds 8 ASeedAE 49 AeE E
380 nmollA kst #A; FHFw e} 460 nmollA ZFe SHA AAIH FFW 7t e NIPA ©EAe] JdrH2
AeolA UV 355 nm 3Pgellr] FFeAAEE HERI O 5.1449x107 s2 UERRTE GMA 3EHAIE o227
o FFHAA e HEd @4sHd WA ZeAlo] §-82 A oE AlsET)
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Abstract: This work, which was about the synthesis of naphthalimidopropy! acrylate and GMA copolymers and their
physical properties, investigated the compositions of the copolymer, the reactivity ratios of the monomer, resonance effect
(Q), polar effect (¢) and fluorescence of naphthalene. Azobisisobutyronitronitryl (AIBN) as an initiator was employed at
60 °C with dimethylformamide (DMF) of solvent for the copolymerization of NIPA. r, was found to be higher than r,
from the reactivity ratios of the monomer obtained from Fineman-Ross (F-R), Kelen-Tiidos (K-T) methods. NIPA was
found to be more copolymerized than GMA. r,'r, product was lower than 1, copolymerization was maked random-alter-
nating type. The fluorescence spectrum of these polymers showed a weak monomer fluorescence band at 380 nm and
a strong excimer fluorescence band at about 460 nm. Fluorescence life time of NIPA monomer showed fluorescence
cover with UV 355 nm at room temperature, and life time showed 5.1449x107s.

Keywords: 3-(1,8-naphthalimido) propyl acrylate, monomer reactivity ratios, resonance effect (Q), polar effect (e), flu-
orescence life time.
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Alek % 7]7|. Dimethylformamide(DMF)(Junsei), tetra-
hydrofurane(THF)(Aldrich), triethylamine(TEA)(Junsei), 1,2-
dichloroethane(DCE)(Junseiy> JWHIAIH o2 A A 513t} 2
Azobisisobutyronitronitryl(AIBNY ™ &2 (MeOH)} S22
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Hydroxypropyl naphthalimide(HPNI)2] 3431416 3k54717]
£ A2 1000 mL 4H-22F2==0) 1,8-NAn 19.8 g(0.10)}
o ehE vl 500mL AR&3te] ZEIgolRl 82621¢g
(0.11 mole)s AA13] H7Fsk $ 70 °CollA] TAIZF &% Hke-
AZth MHEFES 1000 mL S50l Do), AAE
S AFete] AYAx F oAlerEE AZAE A vk
A AA 201696 g(& 7192%)S Ao I FHL
124.5°CSiTh. NIPAS /337 13" HPNI 28.98 g(0.114
mole)} 3|=2F]%= 0.33 g& ¥l THF 200 mLS go] ¢+
3] ¢l 3 TEA 12.305 g(0.1145 mole) ¥ Wyl 4
slol=m@ 2 11.2359 g(0.1145 mole)S THF 100 mLol| 3]4]
sle] Ast Zuj7]E o]&ste] 24|71l AA "ol & 546
AIZE RSt A S AR § S JFF
W72 AR ST T 5% BREAUES 89 1000 mL
o "ojreg] =S AH3IGLh AHAES THTE 5 3
AlAe & of 3} Axste] ofleke =2 A2 ste] v vl
AA 242 g(F5E 68.8%)2 AU, 7L L 82~83 °CH
}.

SSEA M. NIPA®} GMAS] A= Scheme 13+ 7+
o] BTt Aot T 27 thE = H|2 DMF
10 mLol| =21 218 7§A]4] AIBN 0.5 %, DMF 10 mL &
HE e 30% st Ah T T PES 883kl 60°C
oA FFH MBS 10% olste] F5FAT) HES T8 st

H
CH; H CH,
| | AIBN |
wCHy=C WHy =¢ =t —CH;—C 6 CH;— C S
o ) C| e R d
CTO (|:=o =0 =0
L |
(CH, ) l
' CH, (CH,)4 H

| | | :
il CH CH
O=i/\T=o | ~ O=T}\7=O | >
L CH,
99

Scheme 1. Synthesis of NIPA and GMA copolymer.
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Table 1. Feed Composition of NIPA and GMA in DMF

Feed composition Initiator* Solvent
NIPA (g) GMA (g  AIBN (wi%)  DMF (mL)
0.20 0.80 0.5 10
0.40 0.60 0.5 10
0.50 0.50 0.5 10
0.60 0.40 0.5 10
0.80 0.20 0.5 10

*mole percent (%) of monomer.
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Figure 1. IR spectrum of poly(NIPA-co-GMA).
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Figure 2. '"H NMR spectrum of poly(NIPA-co-GMA) in CDCl,
(400 MHz).
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Table 2. Solubility* Behavior of the Polymers

a7

Polymers Poly(NIPA)  Poly(NIPA-co-GMA)

Solvents

DCM
1,2-DCE
NVP
m-cresol

DCE -
DMF +
DMSO -
OCP -

TFA ++
DMAc -
TCE -
AA -
THF -
MEK -
Chloroform -
EtOH -

MeOH - -

Toluene - -

+ o+ o+ o+

I+ + + + + o+ o+

+ o+ o+ o+ o+ o+

Benzene - -

++: Soluble at room temperature. +: Soluble on heating. —: Insoluble.

MeOH, EtOH, benzene, tolueneol|= -8-8l4o] 4] &t}
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Figure 3. Molecular weight of poly(NIPA-co-GMA)(GPC).

Table 3. Molecular Weight of Poly(NIPA-co-GMA)
M, M, M,/M,  Polydispersity
Poly(NIPA-co-GMA) 11984 28180 235 2.35

Zan, A38W A43, 20143

* \_]‘H' * *‘F&i ° _9_1'413_51

ARt 2013 v S A o t). Poly(NIPA-co-
GMA)¢] DIE 235028 tHaAky FEedS & = 9
ot A H|2E 284 PMMAS] k3 aghs ARg-ste]
g e AERAEE 2252100900

CI2EN| HFSAH|. Fineman-Ross,® Kelen-Tdos®H ¥ ext
K-TH-&5% o]-g38t] Qxx9] WslkE 7HAAl7|H GMA
9} NIPAS] 354 w73 H|E F317] flste] oA ®E
4 HE skt

aM, M M+ M,

—_— 1z 1
dMy  Myr,M,+M, M
G=rfF-r, @
G_n
— =4
F F rl (3)
G x(y_l)
y
2
F=%
y
M, _dMl
X ﬁzay sz
1 1 G I
= 4=
FoorF o “)
r
F=Llg+2 )
reon
F_rn1 1
—_= it - 6
G VIG r ()
1_nr 1
Z=0r 1 ()
G r,G ny
LY
a+tF \1' @/ag¥F a
®
a= /Fm~FM
a=0.3892
Ao MRS olgals A W S5 PHoE

H7Eg S-S 10% OJ8kE slof ditke Zlo] whlo|t).

Table 4= T HAESE] G T+ Evlol HT 3%
SAe] 24 'H NMR 2 EZ9] 93 & M2 AXA &
E vzgaly]e] st ol ZA7]9] C-H F 2004 22t
&t LRI Table 49 24302 4] (9)9F 4 (101 <Js}
S

Total I, 6m, 10¢

aro

" Toml I, 9m+10(1-mp) O "™ Gic ©




protons)®] y=9°]3Z GMA®] &= A= w=0, A= &
A1) =100t}

vzgorezed ojadel e GMA 35 9Ael 9 =4 539
Table 4. Composition Data for Free Radical Copolymerization of NIPA with GMA in DMF Solution at 60 °C
Copolymer . Intensities of protons _ ) , Conversion
No Ml Iam Iah C Iaro/Iall my ny (%)
1 0.0688 0.19 5.54 0.0343 0.0572 0.9438 8.2
2 0.1645 0.78 12.5 0.0624 0.1031 0.8968 10.1
3 0.2275 1.13 10.28 0.1099 0.1800 0.8200 7.1
4 0.3059 2.19 12.67 0.1728 0.2800 0.7200 35
5 0.4407 4.59 18.26 0.2513 0.4020 0.5980 8.2
“M, is the mole fraction of NIPA in the feed.
’m, and m, are the mole fraction of NIPA and GMA in the copolymer.
Table 5. Parameters of Fineman-Ross, Kelen-Tiidos for Poly(NIPA-co-GMA)
F=M,/M, Jfmy/my G=F(f-1)If H=Ff 1=Gl(a+H) &EHl(a+H)
1 0.0739 0.0606 -1.1453 0.1640 -2.0703 0.2965
2 0.1961 0.1150 -1.1165 0.2574 -1.7267 0.3981
3 0.2945 0.2195 -1.0472 0.3951 -1.3352 0.5038
4 0.4409 0.3889 -0.6928 0.4998 -0.7793 0.5622
5 0.7878 0.6720 -0.3845 0.9235 -0.2929 0.7035
= oW Ly; (10) 045
m |
1 (.X 1’V) l1+(-' J/) aro ,_\_0.40— )
E .
Xo = m/m, (1 T 0.35-
g ]
. S 0304
T g 0251
m m < 025
Vo 5
2 Pyt m E 0.20-_
2 9 015
o
E <4
el=ez'l (13) < 010+ .
XO z | (]
0.05 4
e, =w- pa (14) 0.0005 0.0010 0.0015 0.0020 0.0025 0.0030
Xo NIPA mole fraction in monorer(M,)
_log(1-¢) Figure 4. Copolymer composition curve for the poly(NIPA-co-
© log(1—ey) (15) GMA) system.
F=% (16) L s
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n=—osh o= (18y% 283]0] Table 6& LERUT). vhe g ashe
02510 (18)  K-THI= 2] =2 A8E AHE0%)7H K-THE 68
(a=02310) slef 1921 SSIsIct A1) ik i KTHAA T
714, m2 poly(NIPA-co-GMAYPIIA NIPA @3] W S thdshar, wik 57 A8k, u=0.2925= My/M 9] &
& F/d A} (aromatic protons)2] x=6, A= %/J A(aliphatic S dldste] 3kt Figures 5, 62 F-RYH, K-THS

2-g-3le] ZAISIA I, Figure 72 Ext K-THS #&3le] &=
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Table 6. Extended Kelen-Tiidés Parameters for Copolymers
(NIPA-co-GMA) System

Copolymers system

Parameters

2 3 4 5
C"(“V:;;:)i"“ 15 1 17 35 8.2
xO 0.0606  0.1150 02195 03889 0.6720
y 00513 00966 0.1822 03175 0.5371
& 0.1305  0.0968 0.1522 00319 0.0762
& 0.1541  0.1152  0.1834 00391  0.0953
- 08356 08318 08149 08128 0.7914
F 00735  0.1396 02744 04806 0.8575
G 11354 -1.0861 -1.0036 -0.8397 -0.5849
£ 02265 03574 05222 06569 0.7736
n 34980 27806 -1.9102 -1.1478 -0.5276
-0.3
-0,4- -
—0,5—-
—0,6—-
07 .
[0} 08—-
09
—1,0—-
1 . .
—1,2—- "
-1.3-.,.,.,.,.,.,.,.,.,
0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.0

Figure S. F-R plot for poly(NIPA-co-GMA).
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Figure 6. K-T plot for poly(NIPA-co-GMA).
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Figure 7. Ext K-T plot for poly(NIPA-co-GMA) system.

e} 2.
F'R, }"1:0.7352, /"2:1.1796, ryry= 0.8672
K-T; n=0.7048, r,=1.1717, r;'r,=0.8256
Ext K-T; »,=0.4929, r,=1.1372, r;'t, =0.5602

Poly(NIPA-co-GMA)2] #(ry1,)°] 11T} Zfola] B2 sk
IFESA7E D AR HolR AL, NIPAY ThE &7
o] TgA7)E] A | weIdTHAE IS AlE
l‘;]_q_}o

UEM, Table 72 G=ESIA 9} F5A 2] DSCol| 23
A A5S YeEPI ™ poly(NIPA) F-2]70] 257} 924 °C
2 7P =7 Jebstt). Figure 8ol SE5¢H9 3584
o] & S 243 TGA A Egoln Z/|Efers
poly(GMA); 101°C, poly(NIPA-co-GMA); 279°C, poly
(NIPA); 335°CE UEFSTE 50% 3] &%= poly(GMA);
296 °C, poly(NIPA-co-GMA); 311 °C, poly(NIPA); 393 °CE
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Table 7. Glass Transition Temperature of Polymers

Polymers 7, (°C)
Poly(NIPA) 92.441
Poly(GMA) 72.266

Poly(NIPA-co-GMA) 74.666
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Figure 8. TGA thermograms for poly(GMA), poly(NIPA), and poly
(NIPA-co-GMA).
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Figure 9. UV spectra of GMA and NIPA in DCE.

Table 8. Molar Extinction Coefficient (¢) of Monomer in DCE

Monomer A (nm) eM'cm™)
318 10409
NIPA 333 14894
348 13404

GMA®} NIPA®] Srti7F A2 AXA] o= FEo] 318, 333,
348 nmollA UYEPHE R o] mellA & F3ATE 5K
t}. DCE & ol 3 3 =& Table 8o LER AT
Table 8ol LERT vle} o] Hd] Frapdole ofzke] Zjo]
7} ERstTt.

Figure 10-& poly(NIPA-co-GMA)2] UV 2= E&H S e}
WA Zlot}, 913 )4 TR fARHH 333 nmellA] H
R E L=

HASY. YGRS 3 I, d5SIA, 35T
10nm 2 slit Z 5.0 nmol|A]

—— NIPA-co-GMA
--------- NIPM-co-GMA

Absorbance

200 250 300 350 400
Wavelength(nm)
Figure 10. UV spectra of poly(NIPA-co-GMA) in DCE.
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Figure 11. Fluorescence spectra of NIPA, poly(NIPA), and
poly(NIPA-co-GMA) in DCE at room temperature on excitation at
300 nm.
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Figure 12. Fluorescence decay curve of NIPA in DCE at room tem-
perature on excitation at 355 nm: (a) counts; (b) log intensity; (c)
residuals.
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