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Fluorescent probe based on N-ethyl carbazol-3-formaldehyde Schiff-base:
Synthesis and properties of Cu* detection

DONG Zhi-Yun GUO Chang-Sheng GAO Lin XU Xing-Yu LIU Cheng-Qi  XI Fu-Gui”
(Department of Chemistry, Xinzhou Teachers University, Xinzhou, Shanxi 034000, China)

Abstract: N-ethyl carbazol-3-formaldehyde was synthesized by using carbazole as initial material through a two-
step reaction, and its crystal structure was determined by X-ray single crystal diffraction and showed that the crystal
belongs to monoclinic, P2,/n space group. A new fluorescent probe CMP for Cu® ions was designed and synthe-
sized from N-ethyl carbazol-3-formaldehyde and 1,3-diamino-2-propanol. CMP in DMSO/H,0 (6:4, V/V, Tris-HCI
buffer, pH=7.0) solution displayed highly selective and sensitive fluorescence “on-off” response over all the other
competitive metal ions including K*, Ni**, Pb*, Sn**, Mn*, Fe**, Fe*, Cr’*, Co**, Cd*, AI**, and Mg*. The fluores-
cence intensity of CMP presented a good linear relationship to the Cu®* concentration and with a low detection limit
of 0.205 pwmol - L™ for Cu* ion, and the binding constant was calculated to be 1.52X10° L-mol™. 1/(I,~1) of CMP vs

¢ /cowp plot, Job plot, and '"H NMR titration confirmed that fluorescence decrease was caused by the formation of

1:2 complex between CMP and copper ion. The recovery tests demonstrated that CMP could accurately detect the
existence of Cu® ions in water samples. CCDC: 2156980, N-ethyl carbazol-3-formaldehyde.
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1.2.3  HEF CMP A

N, AR, B A RO A (112 g, 5
mmol), 1,3- " %(-2-N%(0.23 g, 2.5 mmol) , TL/K L5
(10 mL)FIPKAES2(0.5 mL), 5 F THE 2 80 °C, I
25 ho WENEEW, BT AR, g, Z L
18 0.97 g B4/ T CMP, 72 % 80.74%., 'H NMR
(500 MHz, DMSO-d,): 6 8.53(s,2H, ArH), 8.50(s, 2H,
N=CH), 8.20(d, J=5.0 Hz, 2H, ArH), 7.94(d, J=10.0
Hz,2H, ArH),7.66(d, J=10.0 Hz,2H, ArH),7.63(d, J=
10.0 Hz, 2H, ArH), 7.49(t, J=5.0 Hz, J=10.0 Hz, 2H,
ArH),7.24(t, J=5.0 Hz, J=10.0 Hz, 2H, ArH), 4.87 (d,
J=10.0 Hz, 1H, OH), 4.46(q, J=15.0 Hz, 4H, CH,),
4.12(h, J=10.0 Hz, 1H, CH), 3.87(dd, J=10 Hz, 2H,
CH,), 3.66(dd, J=10 Hz, 2H, CH,), 1.32(t, J=10.0 Hz,
6H,CH,). "C NMR (125 MHz, DMSO-d,): 8 162.67,
141.40,140.51,128.15,126.56,126.08, 122.76,122.63
121.32,120.97,119.74,109.88, 109.60,70.97 ,65.93,

1.2 RHHEHDFCMPHER S RIE
CMP ()5 S AN E 7R 1R o
N-ZFEMRIE( 1)) Ak

Z: BSCER G B N DR PR T EDfR R A
R (2.50 g, 15 mmol) , KOH(1.00 g, 18 mmol), DMSO
(15 mL), T 3E T THE 2 70 °C, B AR 258 (1.74
g, 15 mmol), KW 2 12 ho K KRR A VKK 1, Fh
UE L UEVET IR 52,02 g (IR T, 722 69% .,
1.2.2  N-ZFEmRme-3-FEE (DI A AR

Z: ST 1 NG ORAP T FE  E PO A
DMF(10 mL), ¥Ki& T il A POCL,(3.6 mL., 40 mmol), £
WA B =G, PP T A T (1.95 g,20 mmol)
) DMF ¥ (20 mL), F}H 2 100 °C, & .24 20 h, %
% %05, A UKK (40 mL), I KOH 75 pH=7.5,
CHCI, % B (30 mLx3 1K), TG 7K Na,SO, T4 £ O ,
1L UE BEZE 15 3.48 ¢ KA TE R T, 7R 78%,
'H NMR(400 MHz, CDCL,): 6 10.06(s, 1H, CHO), 8.58
(s, IH, ArH), 8.04(d, J=7.0 Hz, 1H, ArH), 7.96(d, J=
7.0 Hz, 1H, ArH), 7.40~7.48(m, 4H, ArH), 4.40(q, J=
7.0 Hz,4H,CH,), 1.43(t,J=7.0 Hz,3H,CH,).
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Synthetic route of probe CMP

37.60,14.14, ESI-MS(m/z): [M+H]|3%.{H 501.26, 5
M{H 501.26.
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Fig.1 Molecular structure of intermediate N-ethyl

carbazol-3-formaldehyde with a probability

of ellipsoid at 50% level
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Table 1 Crystal data and structure refinement for N-ethyl carbazol-3-formaldehyde

Parameter I Parameter I
Chemical formula C,sHsNO Absorption coefficient / mm™! 0.081
Formula weight 223.26 F(000) 472
Crystal system Monoclinic Crystal size / mm 0.22x0.21x0.20
Space group P2,/n 6 range for data collection / (°) 2.8-27.5
a/nm 1.061 70(5) Reflection collected 10 058
b/ nm 0.818 72(5) Independent reflection 2 649
¢/ nm 1.373 67(8) Completeness to §#=25.50° 0.998
B/(°) 104.983(2) Data, restraint, number of parameters 2649, 0, 155
V/nm? 1.153 45(11) Goodness-of-fit on F'2 1.039
Z 4 Final R indices [[>20(I)] 0.050 2
D,/ (g-em™) 1.286 R indices (all data) 0.071 0
Fz2 N-ZENKKI-BREHNEKNER
Table 2 Bond lengths (nm) and bond angles (°) for N-ethyl carbazol-3-formaldehyde
01—C6 0.121 2(2) N1—C7 0.1459(2) €9—C10 0.144 6(2)
NI—C11 0.1389(2) NI—C12 0.1375(2) c9—Cl11 0.141 0(2)
cl1—c4 0.138 2(3) Cc1—C9 0.1390(2) c10—C12 0.141 9(2)
c2—Cl12 0.138 9(2) c2—Cl5 0.137 5(2) C10—C13 0.138 4(2)
c3—C5 0.138 1(3) c3—Cl1 0.138 9(2) C13—Cl4 0.139 1(2)
C4—C5 0.138 9(3) Cc6—Cl4 0.146 1(2) Cl14—Cl15 0.140 0(2)
Cc7—C8 0.150 4(3)
Cl11—N1—C7 125.46(14) C5—C3—Cl11 117.09(16) C1—C9—C10 133.94(15)
C12—N1—C7 125.48(15) C1—C4—C5 120.75(17) C1—C9—Cl11 119.32(15)
C12—N1—C11 108.98(13) C3—C5—C4 121.93(17) C11—C9—C10 106.75(14)
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C4—C1—C9 118.94(16) 01—C6—C14 125.60(19) C12—C10—C9 106.26(13)
C15—C2—C12 117.80(16) N1—C7—C8 112.34(15) C13—C10—C9 134.48(15)
C13—C10—C12 119.26(15) C3—C11—C9 121.96(16) C2—C12—C10 121.67(15)
NI—CI11—C3 129.17(15) NI—CI12—C2 129.19(15) C10—C13—C14 119.23(15)
N1I—CI11—C9 108.85(14) NI—CI12—C10 109.15(14) C13—C14—C6 120.70(16)
C13—C14—CI15 120.39(15) C15—C14—C6 118.90(16) C2—C15—C14 121.62(16)
2.2 1%t CMP 3F Cu*HIiR 51 2500
B H R CMP 724 [A] 14 FR L (1 DMSO/ 200l
H,0 28 %5 i (Tris-HCl, pH=7.0) " B9 5663 . 4
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Fig.2  Fluorescence emission spectra of probe CMP in
Tris-HCI buffer with different volume ratios of
DMSO/H,0

TEMHERR b, 9 — 2 % SR 5 CMP 7E AN [] pH
{H(3.0~11.0) F Iy2 A1 , 10 5% 468 nm Ab24E
KA AR AL . QR 3 R 7E pH=T B, B4
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pH=7.0)fE R

cemp=10 pmol - L7!

[£13 pH X CMP {5 65 B Y 52 1w
Fig.3 Effect of pH on the fluorescence intensity of probe
CMP
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Fig.4 Fluorescence spectra of probe CMP with various

metal ions
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Fig.5 Fluorescence intensity histograms of probe CMP
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concentration of 100 wmol+L™" and then added
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SRV B AN DRI 55 (61 6)
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Fig.6  Fluorescence spectra changes of probe CMP upon
the addition of Cu®
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Table 3 Determination of Cu* in different water samples

Sample Added / (pmol - L) Found / (mol - L") Recovery / % RSD* (n=4)/ %
15 14.61 97.4 0.91
Tap water
30 30.18 100.6 0.98
15 14.73 98.2 0.93
River water
30 31.24 104.1 0.89

* RSD: relative standard deviation.
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