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2 9F: Sodium E+ zincE Z3}E poly(ethylene-co-methacrylic acid)¢] o}o] 2 xm+= ethyl-
ene Al& REEEW o)A AR, acid 18] 418l amorphous 9%, 28|31 ionic ag-
gregate?] A 7}x] 4o rolzrt. Soakingel £]13le] 48 nonionic dye A& A4
& A 9}8t amorphous FHo]u} ionic aggregate o] Exsh=dl, £ Al&e A we
dispersion force (ethylene A& %-%), polar force (acid %-¥-), ionic dipole (ionic aggregate
F8)9) 4 7R g2 ge] 4 ol FolA Huh. FAJo]l HE ethylene Al&F-E2] dispersion
force 9 & olegfjol &8l Nile Red®] UV/Vis F439 3+ 500 nm F4dA], polardt acid 1
B9 Q%S W= dye 7aE 525 nm, 18] T ionic aggregate®] & €3t dyer= Na't-o}o]
2x1]e] AL 550 nm, divalentojold 1] £ ionic dipoleg 7}X]E Zn?t-olo] @ w=vjo] A&
610 nmoll & 2}z H =7} JETh

ABSTRACT: Sodium and zinc salts of poly(ethylene-co-methacrylic acid) ionomers consist of
three phases, ie. ionic aggregates, amorphous, and crystalline phases. Dye molecules after
soaked from the methanol solution are located near the amorphous phase or ionic aggregates
within ionomer films. Depending on the location of the molecules in the ionomer film, they
are under influence of dispersion forces (ethylene parts), polar forces (acid parts), and ionic di-
pole (ionic aggregates) interactions, The UV/Vis absorption peak of Nile Red under the dis-
persion force is found at near 500 nm, for the dye under the polar force effect 525 nm, and
550 and 610 nm for the dyes under Na* and Zn?* ionization effects, respectively. Since the
divalent Zn®* ion has larger ionic dipole than the monovalent Na* ion, the larger red-shift of
the absorption band due to the ionic dipole interaction is observed for Zn®* counter ion.
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FAgo] B EriaA DER AR 2%
ionic Z1&o] EoJ3lE olo] 2 (ionomer)dl| ¥
ATE A1 FEA] 30 do] X A|RE!? ofo] @ 1n] 9]
B4 AAg oEla o] & o433l =g &8
HYE Fopr izl sle =82 ALHT ot 4y
Hoz 15mol% °]3} AL 49 ionic 1EFS ¥£3
3lo] polyelectrolyte9} TEEHE olole=ME F4
olg7 salt®& ¥AF ion pairEo]l AFAY
hydrocarbon Ak 993} Eeglslo] @2 wof &3}
= multiplets /33t olo] 9 xmE= multiplet
W 7% ionic forcesol] 93ld HAs= EAAbo] 9
Q18 o] 7]&9] van der Waals At328-9] 2%t )
Hol v]3le] o - F Wl ople, Aeldl | 1zE}
A ¥W&3l= ionic force?] long-range interaction
2ol Bold EAx 23 AJde ¥slE vl o
2718 ¥ g 7189 nEAd:E AE &
B8, AE 59 5AL BAFA drhP0 ojolo
™ U ionic forced] 2}3le] ZAEE BA9 WHIE
o]g-3la] olo]emmliE A7 FolllA &80 Hi
RAed, AEAE WYE o8 AEE VE T
A B A 2% crosslink Al o2
32 o] 43} &4 thermo-reversible crosslink
£ ¥A4% 4 /= ionomer plasticse] A o3}
o] ZZF, bumper guard, pipe coating 5 #ofol
20| =1 9o S fluorinated FLER}ol o] &7 &
B2A)#H A 23 selective membranes,’ ionic ag-
gregates o Mat whgo] AYHEE AzH Zo)
controlled-release ¥PH& )43 fertilizer,” 1811
Bde A84E 2747 compatibilizer'’ S03
ol g5 gich

#Hx) LCD AZ9 HyBEoz ARE+ sheet-
type polarizer= polyvinyl alcohol (PVA)ell io-
dine® FHAZ] ¥ YEL A3 iodine EAE
& 3 o w wigAlA Az Aok PVA/io-
dine HE§ HABwe] A W2 HFAdol Eolx
= 24, 181 98¢ 439 €& 5 de 8
ul7} g Fx %3 A Qe iodines] Wi ¥
& AF3ge @ 5ol el polyester, polyethyl-
ene $9] 1829} dichroic dye& 4o #HZee 3t
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=E A77 BAE Bolgth? o]2| @ polymer/
dye system £ 43l HE & & F A= FF
g, F& Tl A AHL oy guest dyes]
host L&A} Atole] A& Ago] A %ol dyed] &
& MY E FEIAY KR89 A g DR e
Qoh & AT Eab Alelo g o] 2AjE
HAEE 5 & ool E host EH2Z o] &
3le] dyeo] Wl && frEshe BEHA dig ATE
s38ch. olo]ewrE ionic 18E9 %E
Coulombic forced] 2]&le] #WAIE = multipleto]
electrostatic crosslink & E4o] #old B}
ohet mE-zpe] AbEdl EFAEA Eo13E ionic
O2FE B #ZAFe @vvt FHeld e
scattering 7+4o) 9%t optical clarity 27}, 281
polar £+ ionic dyeste] 2% Bzt Axatgosw
dye¢} IE} HE-YA Alolo ¥ Z¥EE /X
AAE o] dyed] & wWiFgE FEE F UE
Fgo] Ah'*1 2 AP M= dichroic dye& o}o]
2 xo} guest/host Hef 2 4L o acid 1&EE
%3813t counter ion®] FF Y o] dyes} nER
Alole] AE AL viRe P 18 jEY
W dyeel 91x]of thte] ZAL3ISATH ofelexn of
E# 29| morphology FAle} ofoloiem A& W
ionic, polar ¥%7] T3 polar dye Ale]e] Ex7h
Ar% 282 DSCe2} UV/Vis spectroscopy & ©] &3}
o ZAIH

4 H

E A9 s DuPont Chemical Co.2] poly(eth-
ylene- co-methacrylic acid) (4%9 Surlyn®)&
TH3IA ool =B A 23] A3t NaOH
& o]8-3le] FF A acid repeat unite] 29% T

Table 1. Poly(ethylene- co-methacrylic acid) Iono-
mers and Their Notatipns

sample X MT
S00 0% H
SNa29 29% Na*
SNa59 59% Na*
SZn28 28% Zn**
SZn58 58% Zn*"t
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Figure 1. Chemical structures of (1) poly(ethylene-
co-methacrylic acid) and (b) Nile Red.

59% & Na* o]goz Z3% Nat-ojo]ei=ni9}
zinc acetated ©o|8& acide] 28% % 58% &
Zn®*t ooz Z33 Zn*t-olo) R erl § AR5}
Ao AMR-EUTE. 94.2% 2] ethylene® 5.8% 9]
methacrylic acid2 Z#Z#% Surlyn®e Fzx&
Figure 1(a)d] HAI3lgE3, acid7l 28FHoz (X
mol%) F&ol& (M*)oz F34 ojo]exn] A8
E9) FAIHPHE Table 1o velligich. Low-den-
sity polyethylene (LDPE) 3} nonionic dichroic dye
Q! Nile Red (Figure 1)& Aldrich Chemical Co.9)
A T3l ool 2w pelletg 180 €9 hot
pressollA] ¢33l 100 micron $A¢] WEo g Fu}
¢t 3, &S Nile Red?®) methanol (1x10°% M)
L9 Y3 60 CHNA refluxrl?)e] dye& soak-
ingAlA Fgo] E4AZth F40] gl LDPES]
739 B2} dye Alole] e AF g o
dyego] & FFEHA @l £4EFH 9slo
dyes} E2E 4] FAo. 240 ‘ColA LDPES}
Nile Red (1.25 wt%)& 587 41 F2oz A4
3] Y213 ¥ hot press& ©] &3] WEL AXFH
t}. Dyed] UV/Vis AHEgL HITACHI® dou-
ble-beam type U-2000 model® A}g-3t] 7}Aja3

#2iol A25d A5E 2001E 94

A 999 350~750 nm HHA SHEP) TE
2ol 93 AAL Perkin Elmer DSC 7 @247
€ o83l 10 C/ming) $& £x2 AAE9Y]
ofej oA dP3tdch

a0t % 0%

ofolelen] Alg 712 E4olL saltE YA
acid ZAFEEL o}o]2 x| hydrocarbon phase
oA Hzl=le] # 719) ion pairEe] ¢! multiplet
3} %L ionic aggregate® AIstn EAE AL
Z g8lA dou,* FAAHL ionic aggregateSol
W TERE R F4iA gl Ur] @e A
Aojtt. ool @ kzul= o]l %} ionic aggregates} T
Eo ZA4H amorphousdg o|FA  Hew),
Surlyn®3} & ojo]Q :pje A= ethylene Al&H
EEo] o|F= bl Hule] A 2Y Ui ¥
e & gle acid 2HFEo] &3k amorphous
4, 7123 ionic aggregate® & o] Fo17 multiplet
o A 74z Aoz A3 "k 28 ethylene
0.2 o] R0l olo] R en] AlEd] BFHEA AU
= acid FFHEA Yol 57184 HHE ¥ acid 2F
Ate] ethyleneqte g o]Fo]x Rl Zol7} Fo}
A Hol dRg olF= ghdele] FAl7) FolA|A
€}, Figure 22] DSC A A F&olgoz =3
H2] & acid copolymer (S00)2] £§&=7}
LDPE®] &§LxHT} 20 C o]4 w& 94 ColA
vE=E 1, F5UHE Natol} Zn?t 2 $8% olo]
L2xvje] Lol salte] o) wal 8§57 ¢
Wolxe AE ¢ 4§ Uth ojoloxn AlZe] B
A3 BoldE acidy salts 2AE o]F= ethyl
ene 157 2719 v} 2 AH Yol £FE 5
glonz Alg U acid & salte] go] Frig4=
ethylene AlgE&vteo 2 HAE shale] S5} o}
A e LEAM 888 A vk T% salte] ¥
o] F715tH #2l¥ multiplete] o] Frlsle] Alg
E9 UL A e cluster FFo] Ao A}
S8 24 A& T g2’ 1 29
gie] A7t ZotA A B-§LE7 RolRlA =
& Zlelth

Figure 29] DSC thermogramo A =& A] 89
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Figure 2. DSC thermograms of Surlyn® with various
neutralizations.

sl el 60 C F-29 §-§5 =3} salte] &4
o] Wold4%E A HeRl=y, ol & &k
89 =0 s etdat 2R el TSR R
gt AlgEo] o|F= EUAT ZFEC A8 Aoz
AAZA Y S§3d2EH MAS J4g dAY F
We § AEE annealingdld §W ©¥e 25 &%
Tae Al717F F7hshe Aol BEHUCL" Figure 3
d 233t £xrt g2 Fuj¥E SNabd A&
DSC A¥ZAxE vepied, 248 2571 28
F& @ LrdA TAHE 4¥IE A2 AV
7 AAEA FE SER $AMNE U & &5
A gAY £8vac) ¥ste At & L£xA
£-83= ethylene Al&Ee] sl A7 vxs}
o ¥ 44T E Hol: o] AYPEL EAHM &
T, &% Fo s ot g7 ¥t Ag B
=g, Tsujita &' Hoffman-Weeks #A|=H
B gde 2x9l & &R 4§¥zEe 77
bundlelike 3} 2} chain-folded 2}zl Fej & 71X
= AAEolgtn dYqnt. 2ER 3 2k
A 883l fringed micelle el bundlelike 2
A E& ionic aggregateEo] o g+ cluster &
o ¥ E<dAHEH ZAEE annealingd] 9|3}
HA AZPE s AR ZVE ¥}, F
233 zdd o2} g3z A7) 2 HA7 4A
¥slale Aolrh o9} 2 morphology & 7HA&
ofel @1 o] nonionic dye’} FFEH dyes]
2717 2R & ol % ethylene 157 A3 &
g 2% Jid x¥E ¢ glenz, dyew ethyl
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Figure 3. DSC thermograms of SNa59 crystallized at
various temperatures.

ene IFEE °o|Foxl 2R &9l EW, £E acid 2
FE0o] &8l amorphous 99, 18]I ionic ag-
gregate 2] Al 71A] e EAE Aoz A7
sof 2,

Nonionic dyeg! Nile Red& methanold] %] ¥
olo]e ] HEFE methanol SHelA] HEAHA
dyeg ofolox=m mlEZY2: W 2MEA 3T
Nile Rede £x} F9e] S4wsld of$ W 231A
-3-3p7] d &l gmie] FAdo) wEr UV/Vis
=9 ¢xi7} WElsh= solvatochromism &A4}o)
gdsd BaxE EBdolth Nile Red: 3218
F8H kg% ground stateo|A  twisted
intramolecular charge transfer 3}%& £33l o)
£ F40) & EE AR ¥sted, F40 g2
Sl = EE Aele] Nile Red7t €4 A=
A7t welx]7] dEe F5HA red-shift7}
dojuA ©rh'® Figure 49 Nile Red& F4o]
oE Al 712 Eofe] 5¥9E& o HEiste UV/Vis
2 EYE BAFth §9] S0 AR we
Nile Rede] F43 3 9 X7} red-shift 3= Ao B
Ax e, F4¢] 713 & £0i< methanolol M=
550 nm, 28|32 FAjo] A gle CClLelAl&= 500
# 520 nm ¥ FAM Fooarz vepgoh 234
ol CCLAA F e Fro a7t Jeldes R
dyego] dimerz #& o|F& ¢ (520 nm)et &
2 e A% (600nm)Y] F JA 2 EA)EFr) g
o gAY

Algo] ¥3¥ ionic 2EEo| dyeE methanol &
Ho g HEl FFatedl vlX= 9EE& Figure 594
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Figure 4. UV/Vis spectra of Nile Red in different
solvents. (a) CCly, (b) CHCl;, and (c) methanol.
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Figure 5. UV/Vis absorbance of Nile Red in various
ionomer films as a function of soaking time. [: S00,
O: SNa29, A : SNa59, v: SZn28, ©: SZn58.
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d 34 I1§& ¥¥3A @e LDPE B $+ dyey
soakingo] 3 o]Folx|x] UAITL, acid copoly-
mert} o}o] Q= 9] 739 F4d9| Nile Redo} 4%
Zpgd o) 3l soaking A|Ztel] we} dyes] F4aol
ke AE ¢ 4 Uk A% Wl acid 2§
EA 5l FFEA (S00) 71 74 WEA dyed F%
AT, salt§ T3 ololexde FLE F3
7} HAAY 7A$ (SNa29, SZn28), & acid 1&9]
%o] WL+ E methanol £YA dyed ®Bo] F4
e AE £ F Uk opolewn sjEHA F
¥ dyet ethylene A2yl o] Folzl HAe Uy
d& &418x R332 2 amorphous 4+# ionic ag-
gregate F¥d) EA3A e, ionic IFEL 7
T 54802 aggregated F A3 =YUEA
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Figure 6. UV/Vis spectra changes of Nile Red in ion-
omer films with drying time. (a) SNa59 and (b) SZn28.

packinge] 5|B & dyer} HF3le] Bojrle Aol of
A€ Aoz AZHEY. IR salt o] F7g
w2} packinge] ZY3IA o] Folx ¢+ multiplet
Fdel cluster 99 W2 dyert 2MEol7lr] o
HXA Hol acidet Ejtstn e FEEA B3
o Hg ¢ dyevl FFHE Ao JAYD.
Nonionic dye¢! Nile Red7} o}o]9 >0 HEd
soaking® ¥ AREHE HPoNA BHx)E= UV/Vis
29 EYe] HAFE Nate}l Zn** o g zhz Z3Ai7)
SNa599} SZn28 olo] 9o FEo] thaled Figure
6ol Yepllc}. Soaking® &8 methanol £
A4 AR F HH SojE &L thE de 2dE
oM ¥ FE 2% 550 nm B394 Fie &
THAE BAFAY. ol methanol® §4 48
dye7} oto] o] WiEY A Yo ME £ul¢]l metha-
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nolel ¥ %o d%& Lu 3ol Figure 49
methanol &Y H 550 nme] H3E BHAFE=
Aolt}. 3Rt WEo] AzHn 4013l methanolo]
ZUsA =Y dyel ojolexm Alzd Eollle
=4 2FEY 938e A =Ho] counter ion9] F
F 9 99 ulgt UV/Vis F50329] 91371 2714
ug}l geixls A& ¢+ gdch SNa59e A&
soaking¥ 550 nmolA goll® Sae dHEe] d
zgd) wel F /e saz sy Wilshs Rol
Ro|n, SZn2829] A $x vlAsix 2 %7] methanol
of 332 we dyed] 550 nm ¥ =7} methanolo]
Z3ld] wel 525 nm g9 o2 blue-shift 3l A
3 ¢ & 600 nm o] 4A & Frle] AT} Yo
= A& B 5 Uk Sivt ¢dE Fdsln ¢ ¥
SNa59¢] 7Z$ 520% 550 nm&| % ¥ =18, SZn58
9] A% 5259 610 nmolA F Je] Hz=z Y
oxl= A& Figure 694 & 5 Ut} o]et o]
Nile Red &3 =37} ool YolA o3 Az
ol AL F48 dye Bx7) ofojox=n o)
EA YA 7R o 873 ol EAEE
= A& 9ug= Aol

Figure 7o) &7} ¢+33] Z9d & ojo]oken
HE W Fd&A ~HE Nile Red® UV/Vis &
HEYE Yeplich. LDPES] B9 nEAe} dye
Alole] ofgt A5 AH4- o Eell soakingo] =X| o}
250 Col4 LDPE$} dyeg 4 F &0 2 A4
3 YA ARE AHER e, ¥uioz AnE
e o dyert 2FA sdolx] &2 FHol HAF )
4ol & LDPEel 4i¢1 Nile Rede 5003
525nm ¥ 7je] UV/Vis F4d3E vepled,
ol FFA4 £migd CCLAl Ho} A& wel HAzls}
9§ Aoz dyeEo| & ethylene 1§ &8
M Y AL (500 nm) 9} dimerz BE o]Fo]
Exst] thE dyed el I %L Hy] A&
red-shift 3l viebd 3 9- (525 nm)= AH& 4 Q)
)}, Alzd] acid 8% TEE S009 AS=
530 nmol| A 3hte] W=7t e acid 1Fo] &
oz FEolLd ol Fad olo|eknEe]
$-+ counter-ion®} FF F 4o o2} dyee] ma
Eo] taA Yehds Aol Figure 79 BAzch
Na* o]0z Z3}d olojeixnre] A& 5209
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Figure 7. UV/Vis spectra of Nile Red in various iono-
mer films.

550 nm¢] % " 37} Holn, Zn?t-olo] =] A
¥ 5259 610 nm FZolA H37} EAsE A&
&4 4 ). Curve fitting T2 1YL o] -3l B
g Z A 89 UV/Vis F503EL 3A v 71A
49 490-500, 520-530, 550-560nm, 181l
610 nm FZQM A e Ao: et o] o
579 F493EL Nile Red 2 39 ojo]ox
o Alge) F4 @70 AE g7 g Ed Jehis
Ao, Figure 49} solvatochromism Zaol4 B
o FAR] FAo] & B/ ol EAZE dye ¥
A9 F4MIE red-shiftdts £34 FANAE=
500 nm FFM Fu A7t e Fold
Soakingdl 9J3le) F4E dye EAHEL ethylene
AIEER o] Fo7 AR WHd EE F glon
ZAAe] EHolY} amorphous 4 E&= ionic aggre-
gate F-ol A3 ol T8jeg 1Rz e
2 U dye BAEL F9 ool Alge] func
tional 18] &} dispersion force (ethylene A}
X)), polar force (acid %% ), ionic dipole (ionic
aggregate F-2)9] Al 712 M2 O & 39 % of
2 FolA ¥} o] 7180 ionic dipoled] F4o] 7}
A4 ionic aggregate F8o| $%§ dyee] UV/
Vis §593E 718 ®ol red-shiftA|# 550 nm
(Na salt) ¥+ 610 nm (Zn salt) G v}oA
31, dispersion force 7% dyedl mx= o o)
713 zol 23 EW F ethylene Algi-2d $1x)3}
= dyed] FF9 =2+ 500 nm FGA UeE AL
E £ gth. Acid 2E9 C=0 dipoled] <|3%
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polar force G&L o] F 712 o] FI LR o
Atg]o], amorphous ®%¢] acid 1§ F2o X
s dyee] 4927} 520-530 nm FAAA U
£ A€ Figure 7914 ¢ & Ao 22{=2 Figure
7¢] LDPE/dye 7%+ bollA A3zl dyes}
£33 polyethylene Al&E] %o dispersion force
g g g of (500 nm)s} dyer} #FHg olFo] A
3. polar force Y& ¥ o (525nm)=2 d9°]
g}, olo]orv] AL acid 282 C=0 dipole
gate H= dyeS2 520-530 nm RIZo|A F4=3
3& JehiA =, ionic aggregate F-Zof ¢ &}
o ionic dipole2] 43& W FFIHIELS count-
er-ione] FFo| mWat ¢Ix7F Mals Aol BoiFoh
o]= counter-ion®] 79 u}2} ionic dipole 7]
7} 2elx7] 29y, Zn*" A4 divalente]nZg
monovalentg! Na*dl| 8|3l ionic dipolee] Z=7]7}
g #AA Nat-eololemrie] #lz $X (550 nm)H
t} o] ®o] red-shiftd 610 nmo|A dyes] F+3
a7} Yehs Rolth, o)2} & Nile Red ¥ &
We) =4 Qg ¥ 4P Natol} Zn*" 2 3
3hg acide] %] Wild) wet mae] H7|7} Wil
AFGANE #3538 F Utk Nat-ojolexm 9] 9
SNa29¢] H|3led Na-saltg Weo] EFIHL U+e
SNa59¢] %] ionic dipoled] FFEL &
550 nm 32 4717} AR AL Figure 794 &
4= glomn, Zn?t-olo]ex=me] ALT polar force
o) QB g WL 525nm IIE acid 1§ BE
S§Zn284]Al, 12]31 ionic dipole FETEL W
610 nm 3 =e] M7= Zn-salt7} B8 SZn589 4
Zzt =24 Yehes RE & 5 Utk

£ rfo o

4 £

Surlyn®3} & ethylene-methacrylic acid o}¢]
Q5o A& ethylene AlEH-EE0] o|F= 2R,
AR ¥ ¥ £33l methacrylic acid 21
Z250] & 3l= amorphousd, 181 saltgo] ¥
A&H= ionic aggregate?] A 71X o2 & 3A
€t} ojolom AlEd] B BoldE acid
Z28A Fol F7I8IAY salte] o] FriEAl S
9 %= acid 18 Alo] ethylene IZEqte 2 o] FoiX

Fajo] #2549 A5% 2001 94

23] Algolr} Fokrln MU L AeFsA = o]
e A7} Feolxn, 1 A7 AR §ELE
7} wolxlA ft}. Soakingdl] ¢l dyed F4°3}
H dye #2EL ethylene Al FEEZ 0]Fo3
ZAANL AYe acid 1E0] &M438= amorphous
g eoli} ionic aggregate ¥ =& A He
o, ¢ Al&d] we} dispersion force (ethylene A}
& BF), polar force (acid &), ionic dipole
(ionic aggregate HE)e] Al 7}l ©& &AL
e 9% ol olA =k FAe] HL ethylene
Abg BB &A3l= Nile Rede] UV/Vis F47
H¥ 500nm YFlA, polard acid 1F Fe
8238 dyed] FF¥aE 525nm 99, 22w
ionic aggregate®] @& W& dyes Na'-ojo]2
xre] #$ 550nm, Zn®*t-ojol@nrmie] -
610 nmol X ztzt Fu =y} Y. old E4
& H dAFo M A}&-3 nonionic dye$! Nile Red”}
Bt Fue] F4 Qg vh$ v s |
Folrh

UAY &: 8 A7 A=A 24T =
AT TATY (985-1100-001-2) 23t FHLUE
yth,
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