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Abstract: Ion diffusion and chemical binding to acrylic polymer were investigated in a solid film. The composition of
acrylic monomers containing amino group and carboxylic acid was adjusted for rapid ion migration in the film. p-Meth-
ylred (PMR) and phenolphthalein derivatives were optically sensitive to the concentration of proton and hydroxyl anion,
respectively and verified the ion migration through the film layers. A rapid proton migration was observed in the film
of a high amino content. On the other hand, OH™ migration occurred rapidly in a high content of carboxylic acid group.
The proton migration occurred through the internal layer as well as surface layer of a film and was reversible during 50
repetition examination. Copper(Il) ion migration was examined with a Rhodamine-containing polymer film. The light
absorption and emission spectra of a Rhodamine-Cu complex showed the key contribution of carboxylic acid group to
the Cu(Il) migration in a film.

Keywords: proton transfer in polymer film, UV-polymerizaion, p-methylred, rhodamine, copper(Il) ion detection.
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upel ekek Waks wole Masde vl AY =9st
Atk a0l Feoll RIZSE M2 para-methylred(PMR)
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Aot A st x 24, 2 AP AHEE BE A
Sigma Aldrich Chemical AFS] Al2Fo 2 W o] GA| 4
AXNA 3 a2 AR-sIth F=&u) dichloromethane
(MC)= CaCl, =Afstolx] SF7gAlste] ARE-sloith. vhg-2
silica gel plate(Merk 5715)5 AF&-$t thin layer chromato-
graphy® 2313 2m 2}e]x @ 9 poanisaldehydeS
ehe wl-gdle] ofgh o g Flsigirt. gES]
29} AAE A7 (Merck, 250-430)% ©]-&3F 3 A =n}
EouE JAgsiitt A E A E ez a2
VARIAN AFe] Mercury 300 MHz NMRS AHg-31%l o,
CDCl; ¢} DMSO-dE 8714 W 715 =22 ARgsled &
“gslict. B7dshe A12)xd 743571 (Dr.Hoenle. AG, UVACUBE
1002 AFS3IR T FA ZHoNAM 557F ZAKATE. UV-vis
2HEY ) WA EHL Jasco V-570 UV-vis spectrometer
9} Kmac Lab Juniors AMHg-3td 7431t

HHMEF PMR-OH &M, Ethyl 4-aminobenzoate(1.03 g,
6.00 mmol)S 25 mL Z&Fo) Wil ofNEAH2.4 mLy} A
2H0.7 mL, 35%) 2ol =4t} o] §9& 0°CE FAIskaL
o}AA AF 8N (NaNO,, 7.50 mmol)e HH3] 718hH =
A TR AP S BEEPAA Aol 308 T wnkst
Atk 2F20llA N,N-bis(2-hydroxyethyl) aniline(0.95 g, 95%)
S AEE(15mL)l| Fo REg7] &= 8] Fistal 2
1ZF aksiglet. o] &l /(50 mL)yE B3l kst
o] IAE MEsISlth. A7 A= rkE 19 (EA/hex, 2/
DHE B3l B2 At T 1.07 g @A, 50%)E DA

S

o] Sk AXES tetrahydrofuran(THF, 3 mL)ol| =]l
NaOH & (3.0 M, 2mL) o] wrkslA mehe-(3 mL)
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o] d-gdS FAAATE HE-EN-E 50 °CollA] 24]
Hhel & o2 28 YWE 5 HCl F89G.0M,
I FHEF(15SmL)E gol ZAE A
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il AFQE(60 °C)llA A=
3 ¥ BoA 74 PMR-OHE 0.83 g(AA| 42%) AUt

'H NMR(300 MHz, DMSO-d,, ppm): & 8.16 (d, 2 H),
7.82 (m, 4 H), 691 (d, 2 H), 3.75 (m, 4 H), 3.65 (m, 4
H), 3.55 (br, 2 H). "C NMR (DMSO-d,, ppm): & 168.1,
157.1, 152.8, 1434, 131.9, 131.8, 127.0, 122.5, 114.8, 59.0,
53.5. LC-MS, m/z: 330.12 [M+1].

M PMR-Acrylate 4. PMR-OH(0.82 g, 2.5 mmol)
< dichloromethane(MC, 10mL)®]l =¢]3L methacrylic
anhydride(94%, 0.91 mL, 5.5 mmol), triethylamine(1.1 mL,
7.5 mmol), Z1Z2] 4-dimethylaminopyridine(DMAP, 0.021 g)
oF A 20 °ColA 12717+ RIsiint. o] 84S MC(20 mL)
2 FHI F EY AuEE AE5sl A SR EFTS
go] S AlASI S A w53 F AdwyH =
ZrtEg# g GAske] PMR-AcrylS 0.80 g(69%) T2
A1ttt 'H NMR(300 MHz, DMSO-ds, ppm): & 8.15 (d, 2
H), 7.90-7.78 (m, 4 H), 7.00 (d, 2 H), 6.00(s, 2H), 5.62 (s,
2H), 4.32 (m, 4H), 3.39 (m, 4 H), 1.80 (s, 6H). °C NMR
(DMSO-ds, ppm): & 166.6, 1654, 1552, 151.3, 143.1,
135.7, 1304, 130.1, 126.2, 1254, 122.0, 112.0, 61.9, 48.8,
17.5.

gMCt Ph-Acrylate B, 230 487 dAHS S48
dEAE! HEZEE (318 g, 10.0 mmol), N-(hydroxy-
methyl)acrylamide(1.01 g, 10.0 mmoL), phenothiazine(5 mg)
< gk 3215 mL) A wRksH T 40 °Ce] =271

of|A 24x7F BEEAIZ] & S/F(200 mL)ll FFS] WAL
Hrale] YNBSS AEsAch. ZABE S X g B #
glalal de7pd a=rtE a2 3(EAMC, 1/D)E F3l <=5

3 Ph-Acryl 0.37 g(15%)2 A3t}

HHMEE Rh-Acrylate £44. Rhodamine b(2.40 g, 5.0 mmoL)
9} ethylenediamine(3 mL)S | &-2-(15mL)ol| ¥ 124]7F
SHRSIT &S o= 23] F gulE A StsillA Al
Akl MCGEOmL)E =21 ¥ =2 F (30 mLx2) AUt}
dofxl f7181] FL MgSOE 718l 8-S A|AS H A
e}t A &= A7 3Fe] Rhodamine-amine(Rh-NH,)<
2.06 g(85%)= LA th 'H NMR(300 MHz, CDCl;, ppm): §
7.89 (m, 1H), 7.44-7.42 (m, 2H), 7.09-7.04 (m, 1H), 6.42
(d, J = 8 Hz, 2H), 6.37 (s, 2H), 6.26 (d, J = 8 Hz, 2H),
332 (q, J = 5.7 Hz, 8H), 3.18 (t, J = 5.4 Hz, 2H), 2.40 (t,
J = 54 Hz, 2H), 130 (s, 2H), 1.15 (t, J = 5.7 Hz12H).
3C NMR (67.8 MHz, CDCl;, ppm): & 170.1, 153.6, 153.1,
1489, 133.1, 129.9, 1282, 123.7, 122.9, 108.1, 103.7, 97.6,
66.5, 44.4, 412, 40.0, 12.1.
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o]zl Rh-NH,(1.94 g, 4.00 mmol)& 71 B4 flo] T
MC(12 mL)®ll %] 3L triethylamine(0.67 mL, 4.80 mmoL)3}+
methacrylic anhydride(94%, 0.79mL, 4.80 mmoL)E %
20 °CellA 12417 keigiTt. o] &5 MCQ0 mL)= +#3]
5 =% agEE A&t Ao FERIUEFS ¥l 1
ZslAth. 7180 A 553§ WeES A/ieE
A7 aZnfE a2 %A|5led Rhodamine-acrylate(Rh-
Acry) S 75%(1.66 g) &= AUt 'H NMR(300 MHz,
CDClL, ppm): & 7.86 (m, 1H), 7.65 (s, 1H), 7.39-7.32 (m,
2H), 7.03-6.96 (m, 1H), 6.37 (d, J = 8 Hz, 2H), 6.33 (s,
2H), 6.19 (d, J = 8 Hz, 2H), 5.73 (s, 1H), 524 (s, 1H),
3.38-3.22 (m, 10H), 3.03 (t, 2H), 1.92 (s, 3H ), 1.01 (t, J
= 5.7 HzI12H). “C NMR (67.8 MHz, CDCl,, ppm): §
170.0, 168.1, 153.9, 153.2, 1485, 139.5, 132.7, 1303,
128.3, 128.1, 123.8, 122.7, 119.7, 108.2, 104.5, 97.3, 65.7,
443, 41.1, 399, 18.6. LC-MS, m/z: 553.43 [M+1]

ZZst DX "EQ g4, 1,1,1-Tris(hydroxyl methyl)
propane triacrylate(T) (1.00 g), N,N-dimethylaminoethyl meth-
acrylate(Am) (0.50 g), methacrylic acid(Ac) (0.50 g)S &=
EEXFQ0omL) 37 STt o] &l A =29
PMR-Acryl(0.02 g)3} 337 31411 bis(2,4,6-trimethylbenzol)
phenylphosphine oxide(Irgacure 819) (4 mg)S 2o Yol =}
G Z2ZolA AT Bt weksieinh o] S-S A7

2)ate] gfo] EAsh= 7|EE AABAL 2] = Al
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SEA E F-P3E eI e O R Ac/Am AR
£ 5000, 35/15, 15/35, 0/502 Z4d3s}te] 27+ F-Pl, F-P2, F-
P4, F-P59] "hahg RRERict. fARH A452-S Ph-Acryl
0.04 gy= AFE3F3L Ac/Am FAB] 7} 50/0, 35/15, 25/25, 0/
5022 3} F-Phl, F-Ph2, F-Ph3, F-Ph49] ¥}leke 530t
AA2A Rh-Acryl(0.04 g8 ¥ Ac/Am FAM7F 2F2F 50/

\N/
HO.__0O H
;i o o 4$: Dye-acrylate
1 1~2 wt%
Ac
UVIN, Thin films  F-P; Dye = p-Methylred(PMR)

IRG819(0.2%) F-Ph; Dye= Phenolphthalein

F-Rh; Dye= Rhodamine

Figure 1. Formation of UV-acrylic polymer films containing each
dye.
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Figure 2. Synthesis of dye-acrylates.
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Figure 3. Color transition of PMR in pH solution.
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Table 1. Monomer Composition of Polymer Films and Exposed Time to an Ionic Solution

Monomer composition

Entry (weight ratio,%) Dye content Exposed time, ionic solution” Polymer films’
Ac Am T
1 50 0 50 F-P1
2 35 15 50 F-P2
3 25 25 50 PMR-Acryl, 1% 5 min, [H']=1.0¥10>M F-P3
4 15 35 50 F-P4
5 0 50 50 F-P5
6 50 0 50 F-Phl
7 35 15 50 F-Ph2
Ph-Acryl, 2% 60 min, [OH" J=1.0¥10° M
8 25 25 50 F-Ph3
9 0 50 50 F-Ph4
10 50 0 50 F-Rh1
11 25 25 50 Rh-Acryl, 2% 12 h, [Cu*]=5.0%10° M F-Rh2
12 0 50 50 F-Rh3

“Ethanol solutions of HCI, NaOH and Cu(ClO,), were used.

"UV-films were prepared with a thickness of 100~150 um using a photoinitiator, IRG819 (0.2%), under UV-illumination (Hg).

0.6 -
Ac/Am/T 35/15/50 (F-P2)
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N R
= 0.4 0/50/50 (F-P5)
£
[e]
£
(0]
2
S 0.2
g
]
[0}
Ke)
<

0.0

T T T T T 1
400 500 600 700
Wavelength (nm)

Figure 4. Monomer composition and color transition of PMR-poly-
mer films susceptible to proton in an acidic solution.
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Figure 5. Color transition of phenolphthalein in pH solution.
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Figure 6. Cu(Il)-mediated ring opening reaction of rhodamine ana-
logue.
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Figure 8. Absorption spectrum of a film (F-Rh1) treated with Cu(Il)
solution for several hours.
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Figure 9. Absorption spectrum of a film (F-Rh1) treated with sev-
eral Cu(Il) concentrations.



ol ool Mg chaYmA vhte] 24T ol e, FuSole, Felolee] Aed A% 807

EANZ ZAPER FREE =
563 nm Il Yel=s e S5 1281774 A&
o2 g3t o|25E ZE9] YRR FAOliJ =
F7F AAE] S AS 5 Atk FElole F
o] wg} FE2] vhs AEE Figure 99 =AISHATE 47}1]
g0 F-Rh1 5A17F B¢t S5 HEA AL S99 5
7} AesrE S} %7}—5 A3 0.5M3 1.0 M2 =}o]
= ALl A ATt §NS A %2 F-Rhl(bare
film)¢] B-4=7} 563 nm°ﬂ/\1 7L A= A 248 v
T oA 23E FEol2 BBl o3 veldd &
2dell 71918 Aoz FgET)

Cu(IDy7} ¥ <] e & UE

334t Figure 8¢ A]

SAZ g 54
S skl Rh-AcryH Gag Ao cunek 1247
HEERE Gl ARgslel WA ERS AQIr) 3 520 nm
S &0 IS | ST 579 nme] A T
FAE o AlHEE 20 6GE R EE (YRS S
0.95)= AHE-EH A} oek&olA] FAFEo] F 042 4
Ak A DE F-Rh1E 12417F Cu(IEel HEAZ &
520 nm 2& 7}3le] HWP}\YE‘]E@% AArt. Figure 109] 2
FAEHNN FF0] 79 drRge] Atoz kg W=

[e)
==

12004
(@)
—~ 1150+ 579 nm
3
& ] .
2 1100+ Rh-Acryl + Cuin EtOH {30 ph)
@ | irradiated at 520 nm
il
£ 10504
c
.0
(7]
9 10004
£
I
950
T T T T T T T
200 400 600 800
Wavelength (nm) (b)
< 950 - 520 nm 598 nm
2 from laser source =
>
@
C
jool
E
g 900 -
w
o
£
I
film F-Rh1 after Cu(ll) treatment
irradiated at 520 nm
850 . T T

200 400 600 800
Wavelength (nm)

Figure 10. Emission spectra of Cu(Il) treated Rh-Acryl solution (a);
film (F-Rh1) (b).
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