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Abstract The fluorescence quenching effect of Ni2+ on the
derivatives of p-tert- butyl-calix[4]arene with o-phenanthroline
(TBCP) was studied in cetyltrimethyl- ammonium bromide
(CTAB) medium. Ni2+ reacted with the TBCP to form
inclusion complex. The fluorescence quenching was sensi-
tized in CTAB. The linear range of calibration curve for the
determination of Ni2+ was 0.050 μg/mL ~ 1.00 μg/mL. The
detection limit estimated (S/N=3) was 5.3 ng/mL. It has been
applied for the determination of Ni(II) in samples with
satisfactory results.
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Introduction

Toxicological and physiological research on nickel had been a
subject of growing interest over recent years. Nickel is
immunotoxic and causes allergy and skin sensitization. The
concentration of nickel in biological materials in populations
is known to be altered by acute myocardial infarction [1]. As
nickel occurs at very low levels in real samples materials, a
sensitive, selective and accurate method for its determination
is desirable. Useful methods include atomic absorption

spectrometry(AAS) [2], inductively coupled plasma-atomic
emission spectrometry (ICP-AES) [3], .high performance
liquid chromatography(HPLC) [4], flow injection analysis
(FIA) [5], spectrofluorimetry [6, 7], spectrophotometry [8].
Spectrofluorimetry was applied because of its high sensitivity
and simplicity. And the determination of Ni2+ based on the
fluorescence quenching of phenanthroline [9] has been
reported, but the fluorescence quenching method of the
derivatives of calix[4]arene for the analysis Ni2+ has not been
established.

Calixarenes, which appeared after crown ethers and
cyclodextrins as the third generation of inclusion compounds,
have received much attention in extraction, ion- selective
electrode, capillary electrophoresis, chromatographic and
spectrographic analysis [10]. Compared with crown ethers
and cyclodextrins, calixarenes have some major features
[11]. There are hydrophobic cavities at the top of cup-like
structure of calixarenes, which can develop inclusion
complexes with neutral molecules. Similarly, there are many
regular phenolic hydroxyl groups at the bottom of cup-like
structure of calixarenes, which can coordinate and deliver
cations [12]. Some special modified functional groups at the
top or bottom of calixarene, such as p-tert-butyl [12], amido,
8-azoquinoline [13] and o-phenanthroline, are highly selec-
tive host molecules. For example, 1,10-phenanthroline is
rigid and the two nitrogen atoms occupy adjacent position,
which acted as a π-electron acceptor and has good
coordination capacity with transition metal ions. Conse-
quently, the change of calix[4]arene with o-phenanthroline
spectrum due to coordinated with transition metal ions could
be used for the determination of metal ions.

In our previous publications, the sensitizing effect of
surfactant on the determination of metal ions by UV-Vis
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spectrophotometry and spectrofluorimetry were developed
[14–16]. But cetyltrimethyl-ammonium bromide (CTAB)
sensitized fluorescence quenching method of the derivatives
of calix[4]arene for the analysis Ni2+ seems to be lacking.

In this paper, the derivatives of p-tert-butyl-calix[4]arene
with o-phenanthroline (TBCP, Fig. 1), which had been
prepared by linking 1,10-phenanthroline to the bottom of p-
tert-butyl-calix[4]arene, had the fluorescence intensity. Ni
(II) could bring on the fluorescence quenching of TBCP,
and there was a linear relationship between the fluorescence
quenching value (ΔF) and the concentration of Ni(II). And
the fluorescence intensity of TBCP (FTBCP) and the
fluorescence quenching value (ΔF=FTBCP- FNi-TBCP) were
enhanced in CTAB micelle. Therefore, a novel CTAB
sensitized fluorescence quenching method for the analysis
Ni2+ has been developed.

Experimental

Apparatus and Chemicals

F-4500 fluorescence spectrophotometer (Hitachi, Japan);
UV2550 spectrophotometer (Hitachi, Japan); pHS-25 type
pH meter (Shanghai Precision kore magnetic Factoey)

The derivatives of p-tert- butyl-calix[4]arene with o-
Phenanthroline(TBCP) was prepared by organic chemistry
lab in the chemistry college of yangzhou University. A
stock solution of TBCP (6.0×10-4 mol/L) was prepared in
N,N-dimethylformamide (DMF).

Aworking standard solution of Ni2+ (10.0 μg/mL), 1.0%
cetyltrimethyl-ammonium bromide (CTAB), 10% Triton
X-100, 5% sodium dodecyl sulfate(SDS), 1.0×10-2mol/L
β-cyclodextrin (β-CD) and CH3COOH-CH3COONa buff-
er solution (pH=5.0) were employed.

All chemicals were of analytical grade.

Procedure

Measuring of Fluorescence Intensity

In a 10.0 mL volumetric flask, a quantitative working standard
stock solution of Ni2+, 2.0 mL CH3COOH-CH3COONa buffer

solution (pH=5.0), 1.0 mL TBCP (6.0×10-4 mol/L) and
1.5 mL 1% CTAB were added. The mixed solution was
diluted to final volumewith distilled water, shaken thoroughly.
The obtained solution was thermostated at 10.0±1◦C for
10 min and the fluorescence intensity of the solution
(FNi-TBCP-CTAB) was measured at excitation wavelength 275
nm, emission wavelength from 250–600 nm in a 1.0cm
quartz cell by a F-4500 fluorospectrophotometer, and the
fluorescence intensity of the blank solution (FTBCP-CTAB) was
measured at the same time. Then the fluorescence quenching
value ΔF (ΔF=FTBCP-CTAB-FNi-TBCP-CTAB) was obtained. The
excitation and emission bandwidths were set to 5 nm and
10 nm, respectively. The scan rate is 240 nm/min.

The Benesi-Hildebrand Method

In this experiment, the Benesi-Hildebrand method [17]
(double reciprocal plot) was used for calculating the
inclusion constant (K) of Ni(II)- TBCP assuming a 1:1
inclusion model. And the expression was given by Eq. 1,
where [TBCP]0 was the total concentration of TBCP, ΔF
was the fluorescence quenching value and α was constant.
Thus, the inclusion constant (K) of the 1:1 complex, which
had been calculated by dividing the intercept by the slope
of the double reciprocal plot.

1=ΔF ¼ 1=ðK � a � ½TBCP�0Þ � 1=½Ni� þ 1=ða � ½TBCP� 0Þ
ð1Þ

Determination of Relative Fluorescence Quantum Yield

Fluorescence quantum yields of TBCP and TBCP-CTABwere
measured using 0.1mg/mL L-tryptophan as reference material.
Under the same apparatus conditions, according to Eq. 2 [18],
the quantum yields of the analyte was calculated. Briefly, Ys
and Yu are corresponding the standard and measurement-
needed fluorescence quantum yield and Fs and Fu the integral
areas of two calibration fluorescence emission curves, As and
Au the absorbance (λabsorbance=λemission) of the standard and
measurement-needed materials[19] and Ys=0.14 (25◦C)[20] is
known.

Yu ¼ Ys� Fu

Fs
� As

Au
ð2Þ

Results and Discussion

Fluorescence Spectra

The fluorescence emission spectra of TBCP in CTAB and
H2O media are shown in Fig. 2. It could be seen that (1) the

C(CH3)3 C(CH3)3

OH OCH2CONH

NN

2

Fig. 1 The molecular formula
of TBCP
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fluorescence intensity of TBCP(FTBCP) was enhanced in
presence of CTAB and the maximum emission wavelength
was red shifted (curve 1, curve 3); (2) the FTBCP was
diminished when Ni(II) was added (curve 2, curve 4) and
the FTBCP-CTAB gradually decreased with an increase of Ni
(II) concentration (Fig. 3). At the same time, the ΔF=
FTBCP-CTAB-FNi-TBCP-CTAB was larger than that ΔF=FTBCP-
FNi-TBCP with the same concentration of Ni(II). Hence,
there was the sensitizing effect on the determination of Ni
(II) in CTAB.

And the effect of different medium on the fluorescence
quenching value (ΔF) of Ni(II)-TBCP was investigated.
As could be seen in Table 1 that the order of ΔF was 1%

CTAB > H2O > 1.0×10-2mol/L β-CD > 5% SDS > 10%
Triton X-100. So 1% CTAB medium was choose for this
paper.

Optimization of Conditions

Effect of pH

The influence of pH on the fluorescence quenching value
(ΔF) was investigated. As could be seen in Fig. 4(-⋆-), ΔF
gradually enhanced with the increase of pH and ΔF reached
the maximum when the pH=5.0, but it was diminished
when pH>5.0.

In order to explain the influence of pH on ΔF, the change of
absorbance of Ni(II)-TBCP-CTAB (ANi-TBCP-CTAB) with pH
was investigated (Fig. 4-•-). When pH=5.0, the ANi-TBCP-CTAB

reached the maximum, which had the same trend with ΔF, it
indicated that the formation of inclusion complex of TBCP-Ni
(II) was subject to the pH, and the inclusion complex of
TBCP-Ni(II) has brought about the fluorescence quenching
value (ΔF=FTBCP-FNi(II)-TBCP). In other words, the fluores-
cence intensity of Ni(II)-TBCP (FNi-TBCP) varied with the pH,
it was the reason why a sudden increasing and decreasing
trend of ΔF at pH=5.0 in Fig. 4. Thus, CH3COOH-
CH3COONa buffer solution of pH=5.0 was chosen for the
determination, and 2.0 mL of the buffer solution was selected
as suitable for the optimized method.
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Fig. 2 Flourescence spectra. (1) TBCP (6.0×10−5 mol/L) + CTAB;
(2) Ni2+ (0.35 μg/mL) + TBCP (6.0×10−5 mol/L) + CTAB; (3) TBCP
(6.0×10−5 mol/L) + H2O; (4) Ni2+ (0.35 μg/mL) + TBCP; (6.0×
10−5 mol/L) + H2O
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Fig. 3 Fluorescence spectra of TBCP with different concentration of
Ni(II) in CTAB. (1-6) : Ni2++TBCP(6.0×10−5 mol/L)+CTAB, CNi :
(1) 0.00 μg/mL, (2) 0.20 μg/mL, (3) 0.35 μg/mL, (4) 0.50 μg/mL,
(5) 0.60 μg/mL, (6) 0.80 μg/mL

medium ΔF

H2O 298.01

10% Triton X-100 15.13

5% SDS 100.29

1.0×10-2mol/L β-CD 196.21

1% CTAB 358.00

Table 1 Effect of different me-
dium on the fluorescence
quenching value
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Fig. 4 Effect of pH on ΔF. CNi : 0.35 μg/mL; CTBCP : 6×10−5 mol/L
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Effect of TBCP Amount

The effect of the concentration of TBCP was tested. The
results were shown in Fig. 5. ΔF reached the maximum
when the amount of TBCP (6.0×10-4 mol/L) was 0.4 mL.
Then, ΔF gradually decreased with the increase of TBCP
amount due to the self-quenching of TBCP at higher
concentration (ΔF=FTBCP-FNi(II)-TBCP). Thus, 0.4 mL TBCP
(6.0×10-4 mol/L) was chosen for the assay.

Effect of CTAB Amount

The effect of the amount of CTAB was investigated. As
was shown in Fig. 6, the ΔF reached a maximum when the
amount of 1% CTAB was 1.5 mL. In this work, 1.5 mL 1%
CTAB was chosen for the following experiments.

Effect of Temperature and Time

The effect of temperature on ΔF was tested (5–45 ◦C). It was
found that ΔF was steady ranging from 5 to 15 ◦C while it
was decrease with the increasing temperature. Therefore,
the suitable temperature of 10±1 ◦C was recommended for
the work. At the temperature of 10±1 ◦C, ΔF reached a
maximum with the final time ranging from 5 to 30 min. So
it was suitable to choose 10 min.

Effect of Foreign Substances

The effects of different foreign substrates were discussed in
the determination of the 0.35 μg/mL of Ni(II). The level of
tolerated concentrations of foreign substrates was consid-
ered as maximum concentration found to cause a change in
signal, less than ±5%, compared with the signal for NI(II)
alone. The tolerance limits are shown in Table 2. It was

observed that most of the common metal ion did not
influence the determination of Ni(II).

Analytical Performance

Under the optimum conditions, the linear regression
equation was determined to be: ΔF=159.62+626.32C (μg/
mL), R=0.992. A linear relationship was observed over the
range of 0.05~1.00 μg/mL. The detection limit estimated
(S/N=3) was 5.3 ng/mL.

Sample Analysis

The proposed method was satisfactorily applied to the
determination of amount of Ni2+ in standard sample (GBW
08618) and tap water. Analyses were carried out following
the general procedure. In the determination analysis of
standard sample (n=3), the measured value (0.212±
0.030 μg/mL) is in good agreement with the certified
values (0.206±0.001 μg/mL).
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Fig. 6 Effect of the amount of CTAB on ΔF. CNi : 0.35 μg/mL;
CTBCP : 2.4×10−5 mol/L
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Fig. 5 Effect of the amount of TBCP on ΔF. CNi : 0.35 μg/mL

Table 2 Effect of interfering substances on the determination of Ni
(II) (Ni(II): 0.35 μg/mL)

Tested
substrates

Tolerance limit
(μg/mL)

Tested
substrates

Tolerance limit
(μg/mL)

Pb2+ 1.0 Co2+ 0.30

Cd2+ 0.35 Al3+ 1.0

Zn2+ 1.0 Fe3+ 2.0

Cu2+ 0.35 K+ 200.0

Mg2+ 1.0 NO3
- 200.0

Mo(VI) 1.0 Cl-1 200.0

Cr(VI) 0.60 SO4
2- 1.6
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The standard addition method was also used to the
determination of trace amount of Ni(II) in tap water
sample. The recovery ratio was ranging from 96.3% to
99.5% which was satisfactoried to experiments in
Table 3.

Discussion of Sensitizied Mechanism

The Interaction of TBCP and Ni(II)

TBCP is an easy-to-selective modification of both the upper
and lower edge, with the benzene ring units composed of
hydrophobic cavities, which has a truncated cone structure
which could tie with ionic object or pack neutral molecules.
This special molecular structure could include metal ions
(Ni2+) which had matched polarity, size, shape and property
into their hydrophobic cavities to form inclusion com-
plexes, which may affect the fluorescence intensity of
TBCP.

According to the Benesi-Hildebrand method, it was
found that the double reciprocal plot had good linear
relationships (R=0.9982, Fig. 7), which could support the
formation of a 1:1 complex. And the inclusion constant K
was 151605 L/mol. The larger the value of K suggested that
the more stable inclusion complex. As a result of the
inclusion effect of TBCP and Ni(II) brought about dynamic
fluorescence quenching. Namely, Ni2+ was the quencher
which could bring out the decrease of the fluorescence
intensity of TBCP.

The Sensitizing Effect of the CTAB Surfactant

Generally speaking, it was demonstrated that the sensitizing
effect of CTAB on spectrofluorimetry rested on two factors:
(1) the solubilization capacity and (2) the microenviroment
of medium [21, 22]. In order to discuss the influence of the
microenvironment on the fluorescence intensity of TBCP,
the fluorescence quantum yields of Yu in various media
were determined, respectively. The fluorescence quantum
yield was one of the mostly basic and significant
parameters in all the characters of fluorescence substance

[14]. It represented the ability of translating absorption
energy to fluorescence. In this paper, the fluorescence
quantum yield of TBCP(Yu) in water and CTAB were
determined, the results were 0.00559 and 0.0187, respec-
tively. The quantum yield Yu was approximately 2.34 times
higher in the presence of CTAB than in the absence of
CTAB. The Yu value was tightly related to chemical
structure and microenvironment of the system [19]. The
Yu value is higher, the ability of translating absorption
energy to fluorescence is stronger, it was also a reason of
enhanced determination sensitivity in CTAB. The fluores-
cence intensity of TBCP must enhance with the increase of
fluorescence quantum yield of TBCP in CTAB micelle. So,
ΔF was increase with the increment of fluorescence
intensity of TBCP (FTBCP↑, ΔF↑). The fluorescence
intensity of TBCP was higher in the CTAB micelle than
that in H2O medium because of the CTAB micelle could
better accommodate the microenvironment. In other words,
CTAB micelle was able to decrease the self fluorescence
quenching of TBCP and the fluorescence quenching effort
of the external quencher. So, CTAB had sensitizing effect
on the fluorescence quenching value (ΔF) of the Ni(II)-
TBCP system.

Conclusion

In this paper, the fluorescence intensity of TBCP was
quenched due to Ni(II) reacted with TBCP to form a
complex, and the fluorescence quenching value (ΔF) was
increase in CTAB. Based on this, a novel fluorescence
quenching method for the determination of Ni(II) has
been developed. The method has been applied for the
determination of Ni(II) in samples with satisfactory
results.
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Fig. 7 Double reciprocal plot of Ni(II) in TBCP. CTBCP : 2.4×10
−5 mol/L

Table 3 Determination results of tap water

Sample Added(μg/mL) Found (μg/mL) Recovery(%)

Tap water 0 ND 0

0.10 0.0963 96.3%

0.20 0.195 97.6%

0.30 0.298 99.5%

0.40 0.392 98.0%

ND
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