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Abstract: Water-soluble rhodamine and polymeric chemosensors were developed for copper detection. A new rhodamine
derivative was synthesized through imine formation of rhodamine-hydrazide and a ketone carrying sulfonium salt, and
a sulfide linkage for selective Cu®* sensing in water. A copolymer of a ketone-acrylate with methacrylatoethyl trime-
thylammonium chloride was synthesized, which was treated with rhodamine-hydrazide to generate a polymeric sensor.
The viscosity average molecular weight of the polymer was 6.5x10* g/mol. The polymer has a rhodamine content of ca.
5 mol% through 'H NMR analysis. Amide bonds caused to decrease the metal sensitivity of the rhodamine sensor
because they are capable of absorbing metal ions. The Cu** sensing of the polymeric thodamine sensor was examined
with light absorption intensity at 560 nm. The slow Cu** binding of the polymeric sensor was observed over 10 days.
Additionally, Hg** sensing activity of the polymer sensor was enhanced compared to the rhodamine sensor.

Keywords: chemosensor, water-soluble rhodamine, cationic polyacrylate, metal sensing.
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Sigma Aldrich Chemical A}¢] A|¢ko & W-o] A 34
ARA] FaL a2 ARG-SIATE. RE&-2 silica gel plate(Merk
5715)% A&t thin layer chromatographyZ 431520 =}
o)A W W panisaldehydeS E3Feh= wal-gollo] o3 vt
Aog Rl £3E9] ot BAle HEl7PA (Merck,
250-430)2 ©]&3F ¥ A=rtE I E st e
A g9 ge+ZF 342 VARIAN AF] Mercury 300 MHz
S ARgEReH, CDCLE CD,0DE 471 Wi 71
EAR ARg3le] SAsIch UV-Vis 28 E-L Jasco V-570
UV-Vis spectrometers AHg-3td 7831t
Sodium Alkysulfonate (1) 4. Sodium 3-mercapto-1-
propanesulfonate(80%, 2.23 g, 10.0 mmol)& 50 mLe] S22~
Aol Y3 &S0 mL)S FH7Fek § KOH(0.56 g, 10.0
mmol)E ¥o] 2olA 107 wrkete] 3] =it o]
flof| FEZoIA|E(95%, 1.26 mL, 15.0 mmol)yS 715k
12 A7+ wRkslTh, whg-g-dlo] 7 MgSO,& B2 5 o
AL AN JF3]d FL7|olA AeAtge] A& BT
AASY. s5E S AP A2vkE 29 (MeOH/
EA, 12)2 APES 8 ZASKAH. (86%) 'H NMR (300
MHz, D,O, ppm): & 3.40 (s, 2 H), 2.79 (t, 2 H), 2.48 (t, 2
H), 2.14 (s, 3 H), 1.75 (m, 2 H). “C NMR (D,O, ppm): &
210.0, 494, 41.4, 30.0, 27.8, 23.6.
Dye (2) &M. Rhodamine-hydrazide:= 7]&2] 4 W4

tlo r

3} 710] .16 thodamine b9} hydrazineS =591 g8 3}
Fotel st EolA AAA AT G E sodium
alkylsulfate (1) (1.03 g, 6.00 mmol)¢} rhodamine-hydrazide
(2.74 g, 6.00 mmol)S °NErE 12 mLel o]l 124]7F F<F
SHRAIZATE &S A SR w5210 F A2t
74 A 2vlE28)3(MeOH/EA=1/10, R=0.3)Z 53] &2 2
(1.61 g, 40%)E AUt}

'"H NMR (300 MHz, CD,OD, ppm): § 7.75 (m, 1 H),
742 (m, 2 H), 6.85 (m, 1 H), 6.50 (m, 4 H), 6.20 (m, 2
H), 3.35 (m, 8 H), 3.05 (s, 2 H), 2.75 (m, 2 H), 2.04 (m,
2 H), 1.75 (m, 5 H), 1.00 (m, 12 H). “C NMR (CD;OD,
ppm): 6 175.8, 162.1, 1549, 152.9, 150.0, 134.0, 131.8,
129.7, 129.6, 125.2, 123.6, 109.3, 106.6, 99.2, 68.4, 51.5,
45.5, 38.0, 29.5, 25.1, 18.6, 12.9. LC-MS, m/z: 673.2491
[M-+H].

2IE (3) B4, Chloroacetone(95%, 2.0 mL, 24.0 mmol)
3} 2-mercaptoethanol(98%, 1.44 mL, 20.0 mmol)2 dichloro-
methane(MC, 60 mL)°ll %©] 3L triethylamine(3.35 mL, 24.0
mmol)& o] 20 °CollA] 1A17F kst o] §4& MC

BN~ O~ N2 ¢
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= Z —_—
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+ )JW
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reaction conditions

i) HSC,H,40H, EtsN, CH,Cl, (1h)
ii) Rhodamine-hydrazide, EtOH reflux (12h)
i) Methacrylic anhydride, EtaN, CH,Cl; (24h)

Figure 1. Synthesis of dye and acrylate monomers.
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&9l 11 £3E). 'H NMR (300 MHz, CDCl;, ppm): &
475 (br, 0.5 H), 4.17 (m, 0.5 H), 3.81 (d, 0.5 H), 3.75 (t,
1 H), 3.45 (br, 0.5 H), 3.30 (s, 1 H), 2.95 (d, 0.5 H), 2.79
(m, 0.5 H), 2.70 (t, 1 H), 2.50 (d, 0.5 H), 2.27 (s, 1.5 H),
149 (s, 1.5 H). ®C NMR (CDCL, ppm): & 204.3, 90.5,
60.9, 60.3, 41.4, 36.6, 34.5, 27.6, 27.4, 25.6.

Dye Acrylate (4) &d. = E=E EAsts 422 (3)
(0.66 g, 5.0 mmol)¥} rhodamine-hydrazide(2.28 g, 5.0 mmol)
£ ole2(15mLyel o] 1247 FF2ZA wrksl AT,

o

= TTFPIIEFORE AxT § o] sFsioith A4
E& 54 MC(15 mLpl| =1 F methacrylic anhydride(94%,
0.95mL, 6.0 mmol)9} triethylamine(0.84 mL, 6.0 mmol)<
Ho] 20°CollA 24417 wnkelTt. o] €4S MC(35 mL)E
w1l F =3 AgER dS&sl] AL FEREES ¥
o] Axsidth F7184E A $5F F d27kA A=nt
ETT(EA/Hex=1/2, R=0.5)Z A5l 60% &= ol=
LY olE 4= A X3t 'H NMR (300 MHz, CDCl,,
ppm): & 7.92 (s, 1 H), 748 (s, 2 H), 7.15 (s, 1 H), 6.52
(d, 2 H), 632 (s, 2 H), 627 (d, 2 H), 6.07 (s, 1 H), 5.48
(s, 1 H), 411 (t, 2 H), 3.33 (m, 8 H), 3.23 (s, 2 H), 2.28
(t, 2 H), 1.98 (s, 3 H), 1.90 (s, 3 H), 1.15 (s, 12 H). B°C
NMR (754 MHz, CDCl;, ppm): & 170.7, 170.5, 166.7,
160.0, 153.1, 151.3, 1482, 1355, 132.0, 130.3, 128.1,
127.8, 125.4, 135.5, 122.4, 1074, 105.5, 97.3, 66.0, 63.1,
59.9, 43.9, 37.3, 27.2, 20.6, 17.9, 13.8, 12.2. LC-MS, m/z:
641.3158 [M+H]

Acrylate (5) M. E3HEE A8t €32 (3) (0.66 g,
5.0 mmol)S ¥4+ MC(15 mLyl| =21 & methacrylic anhydride
(94%, 0.95 mL, 6.0 mmol)¢} triethylamine(0.84 mL, 6.0 mmol)
< Fo] 20°CollA 24717+ wRESISITE. ©] 898 MC(35 mL)
251 F 2 £7ER ASsi] AL FrMESS
gol Axadeh. 71895 2% 553 § dePH A2
nlE 229 (EA/Hex=1/4, R=0.3)% 3#5}] 68% &% o}
AdolE 55 Ax3 T 'H NMR (300 MHz, CDCl;,
ppm): & 6.13 (s, 1 H), 5.60 (s, 1 H), 4.30 (t, 2 H), 3.32 (s,
2 H), 2.80 (t, 2 H), 2.31 (s, 3 H), 1.95 (s, 3 H). C NMR
(754 MHz, CDCl;, ppm): & 2032, 166.7, 135.7, 125.7,
67.6, 62.6, 41.4, 30.1, 27.6, 25.3, 18.0.

=& & XK Polymer-A, Polymer-B) M =. APTMA
(3-acrylamidopropyl trimethyl ammonium chloride) (75% 3~
£ 248mL, 10.0 mmol)2} AM(acrylamide) (1.42 g, 20.0
mmol)& 27 IS0 mL)dll B FAhzAe R T
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Figure 2. Synthesis of water-soluble homo and copolymers using
cationic acrylate monomers.

14mLe] olEh&-of 591 AAPH(2,2"-azobis(2-amidinopropane)
dihydrochloride) (82 mg, 0.30 mmol) &S FA7]1S o]g&a}
o H7ksith BESE & AAE 3087 2 &5 Aa
£ AASIL 65 °CollA 8A17F &< wkste] EA; w3
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NerEH ethyl etherE ©|-&3t] A E AEA7|AL JFQ
Bo|4(50 °C) 2417+ AZAIA Polymer-A(95%)S A=}, &
AV, APTMA(4.96 mL, 20.0 mmol)Sk AM(0.71 g, 10.0
mmol) .2 F5% ¥HSAIA Polymer-B(98%)E L=
S2EDL|N &M (Poymer-C, Polymer-D). T2 APTMA

o f

o|
il
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£ NEE(20 wt%)oll 51 T AAPH(1 mol%)E B3l 303
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Polymer-CE 9=t} FASHA ©HEAF AETMA(80% 5-8-9Y)
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Polymer-C: 'H NMR (300 MHz, D,O, ppm): & 8.25 (br,
1 H), 331 (br, 2 H), 3.22 (br 2 H), 3.11 (s, 9 H), 2.22 —
1.95 (br, 3 H), 1.75 — 1.22 (br, 2 H).

Polymer-D: 'H NMR (300 MHz, D,O, ppm): & 4.38 (br,
2 H), 3.75 (br, 2 H), 3.22 (s, 9 H), 2.20 — 1.75 (br, 2 H),
130 — 0.81 (br, 3 H).

Polymer-E &M. T2} methacrylatoethyl trimethyl-
ammonium chloride(AETMA, 3.76 mL, 16.0 mmol)} o}=
2 HEA} 5(0.81 g, 4.0 mmol)E 16 mLe] o k2ol o1
AAPH(54 mg)E 9 ¥ 3087 FAE 57 85 A E
AATE. 65 °CAlA 8A17F &R wRkste] A g3 ¢
3] Kgatar 233 SR FFA §F of|[ehE} ethyl
etherS- ©|-&38lo] EALE ASARITH LEARE oehE 20 mL
of Zo]al ¥4 MgSO,& B3 3087 wnkste] -8 A
Agt & TA] FEAITE ZF2E(50 °C)ollA] 2A17F A=A
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N ehE-(3 mL)oll o] T4 MgS041.0 g)S 3 Hol 12 AETMAZ AM&-3130t). A]J&H% T Ak U] B
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g 24$ 98] FE2oMME2 2-mercaptoethanol®] RHg- S A =3k
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713G S B8l BT o] H¥2 rhodamine- 59] ZHIE 41E FAst S 35 FA Prepolymer-ES
hydrazide®} 2 gHES- 37 ol A] _LE]@‘ TZZ2 9k F A Z3IA L NS EulolA thodamine-hydrazide®} WHS-A|
of 37| ol 2| glo] EE AHIE ARSIt of A Zrplo] =¥l JEAL Polymer-EE 333139t APTMA
a3} ¥k e Ao ‘:Pva]- 45 AT} sAKS) o} 52HE dojH FFFLEA el rhodamine-hydrazide 2
Al S 3 Frotagdite] vEgolla] ofa g s} vkg-2 | kS-S =3) Polymer-F7} A= 353 LR Al =

2} G31-891 “&‘ TARRE ghgol] Fodsifin, AaH o g 2ot o9l ANEe- 'H NMR 418 53l 221 = A th(Figure
Hlo] Ag=R] 2 ol=gdfEA] 59 S olF F Uk 4). Prepolymer-E¢| 2= E g oA 457 4.0 ppm> CH,09]

ﬁ/‘ko i T i) ™0 070070 onnoooo
’ N O =
NMesCl NMeCl S:\l\ NMe,Cl S—, ©
Im=4/1 l
im=41) ) Sy-N
Prepolymer-E
reaction conditions

Et,l N
1) 5 (20 mol% Vradical initiator/65°C E1OH-8h
ii) Rhodamine-hydrazide, EtOH reflux-12 h Polymer-E (x/y/z=80/5/15)

Figure 3. Synthesis of dye coupled copolymers.
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Figure 4. The structural analysis of prepolymer-E and polymer-E (‘H NMR) before and after dye coupling.

ol sgety ZHzt Hol HE o159 A 3] viE F
3l AETMAS} THER} 571 oF 4/19] HI&= ZA3t=o] g
Yepdith, 7kd Q1He] CHRQl HiE 2.3 ppmolld F3io] v
ERyit), o] FaE 2ol Agkso] AP o=N FolE
3L Polymer-E Z=HEZHA 2L 1.6 ppme] H.Z ©l&
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2o AR e AR w) 25%¢2] olRInkg-o] XdPE|o] 2o}
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35 &3 ARSI Table 190 ] stirt. A& 2EAte]
HFEAES o232t 722 Mark-Houwink 2] (1)&!7 A3}
Act.

1
1000 x [ 77])01%0

7= KDM" or (0,1 = (190

(1)
IEAY] IFHEE 0.05M Na,SO, F8do 2 30°C
o 4] Ubbelohde viscometer® ZA3HL 7|FEZ=Z
polyacrylamide(K=3.73x10* dL/g, o=0.660)E A3} T}
He| MY HE. 784 Eol =4 29 S549
A H71= SI99th. HEPES(4-hydroxyethyl-1-piperazineethane-
sulfonic acid) (10 mM)oll 2]gF FA]o] eh=golloja] FAle]
AER 2= 585 A%st] 560 ol HASrE

Ze FFAELS B oWl 725 2t 2o =
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Table 1. Molecular Weights of the Prepared Polymers

Intrinsic viscosity

Polymer ] M, (KD)
Polymer-A 0.734 98
Polymer-B 0.648 81
Polymer-C 0.543 62
Polymer-D 0.719 95
Polymer-E 0.560 65
Polymer-F 0.426 43

Aol Zrtgel detd &2 55 Ao F23 9L
s Rl sl 2.2x10%) & AEFE 2 A
O dTHATC of9t AR FEEA 58 S e =

A

ol feA] 20 FSMEAE vk =T 1)
o] Lol 5t 2 MeAS Figure 50 YERARITE S-2(I0)
off th&k okt 7hgo] AEE N oY TNt (1) &
(560 nm) Zrol 22 0.829) 0.07% =& Fe|(I) Ay
o] A3 2 9] Co(Il), Fe(Ill), Ca(Il), Pb(II), Zn(Il) 5oll= 7+
S Koz Aohrt.

golo] LE(Iys=7t 7S 2oyl f=49] 3=
= HlEIsl Assles 29 #ES 4 %A, Job plot 2
#F2 FE(I)el=F FEA] HlEo] 111 A 7P =&
FAEE 72 Asdom 2ol {24 29 Rl 2

H o
e LR FYEe Ao A ol Avs A
FEAE S ST FElanel 2 2ol f=A

29] 8AS ESI-MsZ 43 A3 m/z: 713.18842] 72
HHBIAL Al PRIyt V12 A% o184 A 3%
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1.0 4
Dye: 25 pM in water (HEPES, 10mM)  — cy(11)
metal vs. dye =10/1 molar ratio —— Hg(Il
0.8 Co(ll)
Ca(ll)
Fe(lll)
§ 0.6+ - 2 (dye)
E
2 044
<
0.2
0.0 =
T T T T ¥ T X T " 1
400 450 500 550 600 650

Wavelength (nm)

Figure 5. Absorption spectrum of metal coordinated dye 2 in water.

(Mw+Cu+H-Na)Zt LA3taAtt. 1.2 22 2:19] Al sl
e e e AR gk

2ol a ks SExtel] ARAI717] flete] ke &
o] F8A IEAE ZANIITE 4xkSt o] A%E 78
g Al SRFHA B FEHA ARE 455 =9
A EHS ARSBIRIAL, o719 84 2O 25 2mol%
QEA A 71 SEE AU AME At
Fol weh e nel e FEwmskel vEAF Hrhge] we
AFAIE Table 201 A5ttt HhE5 2321 560 nm
NN FRBEE S8l aEARgle] el =l
2¢] BI7F 1191 Z2710M 8] F3E)E 7R 4= W
s}5 st ofm ool = FERtA Fgol 7MYt 66%
9} 33%21 Polymer-A%} Polymer-B2] 3710l w2 S-4= ¥
SRR ofmidolute| = Fhepo] S v FE 74Tt
H AR S & 5 AUk A7k aRAke] shake] o
2 7MW 8= FAS v AFEAT TR F
SHA O vlsl Ede "ARA T SREHQ] Polymer-C
o] HA7plE FHE A A wEtA] ofaHolnt
o]=9} APTMA®] 9|3+ ZAlES 2% 89 &9 1E|(I)°]
29] &5S Aokste] w53 2o A2 Wellsks A3
2 VEhstth 28y Polymer-DO| 79 3 EE HulEE
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Table 2. Optical Absorption Change from Polymer Addition
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Figure 6. (a) absorption spectra of rhodamine coupled polymers
exposed upon metal ions and in acidic solution; (b) optical absor-
bance (560 nm) of Polymer-E sensing metal ions with time depen-
dence.
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2 A E}, AAZ APTMAZF A%He 584 IEAES A}
gsto] &0 2 AAshs A7 AP HL UATEE 2 A
FollA 2ohdl whado] Ak wiAE AETMAS AM-S
T84 AEAE H AR AoR AdE

2rjvlo] AdtE F53 ZEA Polymer-E2F Polymer-F2]
&5 e 4% SHAHE Figure 6(a)oll HlaLst
%t} Polymer-E2] 73-%- 2o Adl <& S35k
= Wsh7F e O U Polymer-F= A9l REg-81A]
t}. Polymer-F2] ojnfo]= #-8-7]of] FLzjo]Lo] Agtw o]

41 32 oo

Cu(Il) (uM) Polymer in H,O (ppm)

Polymer-A (//1,)

Polymer-B (//1,) Polymer-C (//1,) Polymer-D (//1,)

2.5 250 0.75
2.5 500 0.01
5.0 250 2.06

0.84 091 1.00
0.01 0.01 1.00
1.97 1.88 1.70

Dye concentration (2.5 uM) was kept and the absorbance (/, at 560 nm) at Cu/dye (1/1) was 0.09, which was used for the comparison (//1,).
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