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Synthesis of reversible fluorescent probe and itsdouble
detection of Cu*" and Pd**
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Abstract: A reversible fluorescent probe (E)-4-({2-[8,9-di(naphthalen-1-yl)-9H-purin-6-yl] hydrazineylidene}
methyl)-2-methoxyphenol (PHM) for detection of Cu®" and Pd*" in solution were synthesized from simple
Schiff base reaction of 6-hydrazinyl-8,9-di(naphthalen-1-yl)-9H-purine and 4-hydroxy-3-methoxybenzaldehyde
as raw materials, and characterized by '"HNMR, ®CNMR and MS. Fluorescence spectra showed that PHM
rapidly recognized Pd*" and Cu®" in 2-[4-(2-hydroxyethyl)piperazin-1-yl]ethanesulfonic acid (HEPES)
buffer solution without interference from other metal ions. The detection limits for Cu*" and Pd*" were
72.97 and 839.00 nmol/L, respectively, in the solution of V(dimethyl sulfoxide) : V(H,0)=9 : 1 (pH 7.4,
adjusted with 0.2 mmol/L HEPES buffer solution). The response time of PHM to Cu®" and Pd*" was within
1 min, and PHM formed complexes with Cu*" and Pd*" in the molar ratio of 1 : 1 and 1 : 2. At the same
time, obvious changes in visual hue could be detected by the naked eye. After ethylenediamine tetraacetic
acid (EDTA) was added to the complex PHM-Cu®" solution, the probe PHM showed a significant
fluorescence recovery response, which confirmed the reversibility. Both Job's curve and density functional
theory verified the possible complexation mechanism of probe PHM with Pd*" and Cu*'.
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rﬁJ 25 mL ﬁmffé‘k%#ﬁ*ﬁ?‘ﬁ\m/\ 180 mg

( 0.449 mmol ) 6-f3-8,9- - (ZE-1-%£)-9H- I 14
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mE (1) K20 mL HEE, #5780 °CF Ml
LR 2 he fiﬁ%&ﬂ%fiﬁrﬁ\zﬂa‘#vﬂz}f%“’%ziﬁ
Mo RIE, *ﬂfﬁ%ﬁﬁ V(DMSO) : V(H,0)=1 : 5 &4

R E S L1533k K PHM 156 mg,qéz}; 65%.
"HNMR (400 MHz, DMSO-dy), d: 11.90 (s, 1H), 9.44
(s, 1H), 8.29 (s, 2H), 7.97 (dd, J = 8.3, 5.6 Hz, 2H),
7.89 (dd, J=9.0. 5.9 Hz, 2H), 7.67 (d, J = 7.3 Hz, 1H),

7.55~7.46 (m, 6H), 7.41 (d, J = 3.9 Hz, 3H), 7.30 (t,
J =7.7 Hz, 1H), 7.08 (d, J = 8.1 Hz, 1H), 6.80 (s,

1H), 2.54 (s, 3H); *CNMR (101 MHz, DMSO-d;), &:

152.79,
131.46,

149.99,
131.18,
128.29, 128.18, 127.52, 127.39, 127.11, 126.96,
126.73, 126.39, 125.94, 125.40, 124.59, 122.54,

121.59, 118.31, 115.39, 108.83, 79.26, 56.10, 18.61,
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Fluorescence spectra of PHM after addition of
various metal cations
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Fig. 2 Fluorescence spectra of MMP after addition of
various metal cations
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Fig. 3 Fluorescence spectra of PHM and MMP
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Fig. 4 UV-Vis absorption spectra of PHM, PHM-Cu*" and
PHM-Pd**
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Fig. 5 Fluorescence responses of probe PHM toward Cu®"
(a) and Pd**(b) in the presence of other metal ions
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Fig. 6 Fluorescence spectra of probe PHM in different
concentration Pd*" (a) and Cu*" solutions (b)

& 6 AT, 24K & o PA* AT Cu® Wk B T A
E PHM 19 9 058 5 70 B N 1.54%10° T F% 2|
3.81x10% il 2.44x10*, VLBl PHM REWSSZHLN Cu®
P> 1 R AT
25 HHBRHNE

1655 KA 504 nm 4RI & PHM 76 A R ¥
JE Cu* Fl P VAT P A ZOBBR I, 25K 7 B
~o HE 7a WA, PHM+Cu* L& 4 K y=
—20048.05x+2.37x10°, R*=0.9878 (Hirf, y Jo¢
FERREE ,a.u.;x i Cu® HRJE , umol/L ), 5l PHM-Cu*"
MIDECHRE S Cu™ W B Z M7 e e P56 R . PHM £
4 JE = 7 a9 A PR ] i Stern-Volmer J5 #2815
#|. DL=3SD/S, Hh, DL AKH R, nmol/L;
SD Mhrifi 25 ; S HELA HLMARE, #ditH

HEE PHM K1 Cu® Ok RN 72.97 nmol/L.
PHM X F PA* W45 H BR 19+ 48 5 Bk 26,
7b W51, PHM+PA* MG N y=—1743.97x+
1.29x10°, R*=0.9745 (H, y MUPOLREE, au;
x N PAVEIE, umol/L), il it 15244 PHM
K PA* 4G Y BR >4 839.00 nmol/L, SD =487.61,

1.4x105 |2

y=—20048.05x+2.37x10°
R*=0.9878

1.2x10°

U.

1.0x10°

8.0x10% |

FOLIREE/a

6.0x10* -

4.0x10* L— s ' '
6 7 8
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1.1x10°
1.0x105+ *®
9.5x10% -
é 9.0x10°
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a R=09745

15 20 25 30 35
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Kl 7 A£ 504 nm AL, PHM fEARRIKE Cu™ (a) M Pd*
(b) WP B
Fig. 7 Fluorescence intensity of PHM in different concentrations
of Cu?* (a) and Pd**(b) solutions at 504 nm
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Fig. 8 Fluorescence intensity of PHM at 504 nm altered
with or without Cu®*" and Pd** at different pH
fluctuated

UeAh, TERTER pH JEFEIN, MAZERK Cu™
JLF AT IR PHM DGR . SefAG i Pd™ 1Y
pH X35y 9~12,

2.7 WHRAEHEIRS

SRR R LB, LA Y PHM-Cu® R W
AN I TR —AhE , SR IH R A
BRI — 25 %82 T PHM-Cu® 1A & %t B 25 F i i 4
PRI B9 S 3 mL WREEISN 10 pmol/L ¥
PHM-Cu> ¥ ¥k f1 PHM-PA*' I8 W 76 50 pL ¥k
3 mmol/L AEBHEF (HS . F . NO;. S, S,03 .
CH;COO . SO; . SO3 . Br . CO3j ., NO;, HSO;,
I'. HCO;. EDTA™ ) & TR T Ayl 3ok

1.6x10°
1.4x10°

5 12x105F
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B R.ox104f
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4.0x10°
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ol
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Fig. 9 Reversibility of PHM-Cu®* (a) and PHM-Pd*" (b)
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Aotk SR, I AL PHM-Cu® it &9 1T LI
ER—A “TFia7 BUALRREES , F T 348 1 A
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XF Cu” il PA™ BRI 2 A2 RE 1 .

s a
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Fig. 10 Fluorescence intensities at 504 nm and response
time of PHM with Cu** (a) and PHM with Pd*" (b)
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Table 1  Analysis results of Cu®" in water samples
\ R, E

BA C‘(*mfiﬂf/ (‘il foﬁ/) W%/%  RSD/%

afi 7k 5 5.23 104.7 0.74

10 9.29 92.9 0.22

/N 5 5.06 101.3 4.55

10 9.34 93.4 1.19

Kbk 5 4.95 99.0 2.66

10 9.27 92.7 1.29

22 JKEET PATTRY TS

Table 2 Analysis results of Pd®" in water samples

P> RN

W fH

FEA fumol/L)  /(umol/L) WF/%  RSD/%
ik 5 5.43 108.6 425
10 12.2 121.7 3.39
EE i 5 7.60 152.1 1.76
10 10.76 107.6 3.63
KLk 5 5.39 107.9 4.24
10 12.28 122.8 2.81
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