
1

Electronic Supporting Information

Fluorescent paper sensor fabricated by carbazole-based probes for dual visual detections of 

Cu2+ and gaseous H2S

Linlin Yang,a Jianping Wang,a,b Liang Yang,a,b Cheng Zhang,a,c Ruilong Zhang,a,c Zhongping 

Zhang,a,b,c Bianhua Liu,*a,b and Changlong Jiang*a,b

a CAS Center for Excellence in Nanoscience, Institute of Intelligent Machines, Chinese Academy of 

Sciences, Hefei, Anhui 230031, China.

b State Key Laboratory of Transducer Technology, Chinese Academy of Sciences, Hefei, Anhui 

230031, China.

c Department of Chemistry, University of Science and Technology of China, Hefei, Anhui 230026, 

China.

* Corresponding authors 

E-mail: bhliu@iim.ac.cn, cljiang@iim.ac.cn

Electronic Supplementary Material (ESI) for RSC Advances.
This journal is © The Royal Society of Chemistry 2016

mailto:bhliu@iim.ac.cn
mailto:cljiang@iim.ac.cn


2

 

40003000 2000 1000
20

30

40

50

60

70

80

90

100
 

 

Tr
an

sm
itt

an
ce

 (%
)

Wavenumber (cm-1)

 CAH-Cu2+

3347

1625

1148
1099

1197

994
1492

753

423

620660

40003000 2000 1000
40

50

60

70

80

90

100

 

 

Tr
an

sm
itt

an
ce

 (%
)

Wavenumber (cm-1)

 CAH 

3437

1650
1496

1232

3251

1401

1680 1610
16401631

1618

A B 

Fig. S1 FT-IR spectra of compound (A) CAH and (B) CAH-Cu2+.

 

200 400 600 800 1000

 

 

m/z

355.19

709.38

N

N

NHNH2

NHNH2

O

O

Fig. S2 ESI-MS spectrum of CAH (positive mode, calculated for CAH [M+H]+ = 355.19). 
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Fig. S3 ESI-MS spectra of CAH-Cu2+ before and after the addition of Na2S. The positive mode, 

calculated for (A) CAH-Cu2+, [CAH-Cu2+] = 417.11; (B) CAH-Cu2++Na2S, [CAH+H]+  = 355.19).
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Fig. S4 Job’s plot for determining the stoichiometry of CAH and Cu2+ in HEPES buffer solution 

(10 mM HEPES, 1% DMF, pH= 7.4). The total concentration of CAH and Cu2+ is 5 µM, XCu = 

[Cu2+]/([Cu2+]+[CAH]).
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Fig. S5 Time-dependent fluorescence intensity (425 nm) change of CAH (5 µM) with Cu2+ (5.0, 7.5 

and 10 µM) in HEPES buffer solution (10 mM HEPES, 1% DMF, pH = 7.4).
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Photoluminescence quantum yield measurements: Quinine sulfate in 0.1 M H2SO4 (quantum 

yield 0.54 at 350 nm) was chosen as a standard for the fluorescence quantum yield measurement.S1 

The values are calculated using the standard reference sample that has a fixed and known 

fluorescence quantum yield value, according to the following equation: 
 

QYsample = 
Asample QYq 

Fsample 

Fq 

Aq 

ηsample
2
 

ηq
2

 

. . . 

                                (1)
 10-D F - 1 =                                                   (2)

Where QY is the quantum yield, A is the measured integrated emission intensity, and F which is 

caculated by equation 2 is the fraction of light absorbed. D is the absorbance at the excitation 

wavelength, and η is the refractive index. The subscript “q” refers to the reference fluorophore 

quinine sulfate of known quantum yield. The results are presented in Fig. S4 and Table S1.
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Fig. S6 (A) UV-vis absorption of quinine sulfate (10 μM) in 0.1 M H2SO4, CAH (30 μM) and 

CAH-Cu2+ (30 μM) in HEPES buffer solution (10 mM HEPES, 1% DMF, pH= 7.4). (B) 

Fluorescence spectra of quinine sulfate 1 (2.5 μM) and quinine sulfate 2 (78 nM) in 0.1 M H2SO4, 

CAH (10 μM) and CAH-Cu2+ (10 μM) in HEPES buffer. 

Table S1. Example for the fluorescence quantum yield calculation of CAH and CAH-Cu2+ in 

HEPES buffer based on the standard.

Sample A F350nm η Φ 
Quinine Sulfate 1 44132 2.8×10-2 0.54
CAH 33429 2.8×10-2 0.40
Quinine Sulfate 2 1618 8.6×10-4 0.54
CAH-Cu2+ 372 3.7×10-2

1.33

0.003
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Association constant calculation: Generally, for the formation of 1:1 complexation species formed 

by the chemosensor compound and the guest cations, the following Benesi–Hildebrand equation 

was used:S2

 

I - I0 I0 – Imin Ka (I0 - Imin) [Cu2+] 
1 1 1 

= + 
                          (3)

where I and I0 represent the fluorescence emission of CAH in the presence and absence of Cu2+, 

respectively, Imin is the saturated emission of CAH in the presence of excess amount of Cu2+; [Cu2+] 

is the concentration of Cu2+ ion added, and Ka is the binding constant.

 

350 400 450 500 550 600 650 700 750

0.002

0.004

0.006

0.008

0.010

0.012
 

1/
( 

I m
ax

-I)

1/[ Cu2+] 0.5

R2 = 0.9971 

 

Y = -0.00683 + 2.41211 × 10-5X 

 
K = 2.83 × 102 

 

Fig. S7 The binding constant (K) of the CAH-Cu2+ derived from the fluorescence titration data was 

found to be 2.83 ×102 using Benesi-Hildebrand plot. 
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The Detection Limit: The limit of detection (LOD) was calculated on the basis of the fluorescence 

titration. The fluorescence emission spectrum of CAH was measured 10 times, and the standard 

devivation of blank measurement was achieved. The fluorescence intensity change at 425 nm versus 

a different concentration of Cu2+ was plotted. 

So the detection limit was calculated with the following equation:S3,S4

LOD = 3σ/k                                                   (4) 

Where slope “k” is the calibration sensitivity of the fluorescence intensity change (ΔI = I0 − I) vs. 

[Cu2+], and “σ” is the standard deviation of the blank signal (I0) obtained without Cu2+. 
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Fig. S8 Linear relationship between fluorescence intensity of CAH (5 μM) at 425 nm versus the 

concentration of Cu2+. The detection limit of Cu2+ is 65 nM.
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Fig. S9 Linear relationship between fluorescence intensity of CAH-Cu2+ (5 μM) at 425 nm versus 

the concentration of H2S. The detection limit of S2- is 0.29 μM.
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Fig. S10 The fluorescence changes of paper sensor by alternately dropping the solution of Cu2+ (10-

3 M) and beeing exposed in gaseous H2S (120 ppm) for 2 times. The corresponding photographs 

were taken at a 365 nm UV lamp.
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Fig. S11 ESI-MS spectrum of intermediate 2 (positive mode, calculated for intermediate 2 

[M+Na]+ = 405.1790). 
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Fig. S12 1H NMR spectrum of intermediate 2 (CDCl3).
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Fig. S13 13C NMR spectrum of intermediate 2 (CDCl3).
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Fig. S14 1H NMR spectrum of compound CAH (d6-DMSO).
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Fig. S15 13C NMR spectrum of compound CAH (d6-DMSO).
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