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 i g  h  l  i g  h  t  s

A  simple  sensitive  colorimetric
sensing  platform  for  Cr  (III)  and  Cr
(VI)  detection.
The  strategy  relied  on Cr (III)-citrate
chelation  inducing  aggregation  of  Au
NPs.
Cr (VI)  ion  was  reduced  to  Cr (III)  by
ascorbic  acid.
The  strategy  provided  potential  for
heavy  metal  speciation  analysis.

g  r  a  p  h  i c  a  l  a  b  s  t  r  a  c  t

A  facile  and  sensitive  colorimetric  strategy  for  the  determination  of Cr (III)  and  Cr  (VI) based  on  an
assembly  of Tween  20-Au  NPs.
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a  b  s  t r  a  c  t

In  this  work,  a simple  “red-to-blue”  colorimetric  method  for  highly  sensitive  and  selective  determination
of  Cr (III)  and  Cr  (VI)  was  presented,  which  was based  on the  aggregation  of  Tween  20-stabilized  gold
nanoparticles  (Tween  20-Au  NPs).  This  strategy  relied  upon  the distance-dependent  optical  properties
of  gold  nanoparticles  (Au  NPs),  strong  chelating  between  Cr  (III) and  citrate,  and  the  reduction  of  Cr  (VI)
to  Cr (III)  by  ascorbic  acid  (AA).  Cr  (III)  could  chelate  with  citrate  to form  a stable  Cr  (III)-citrate  complex
and  thereby  induce  the  aggregation  of Tween  20-Au  NPs.  Thus,  the  sensing  of  Cr  (III)  and  Cr  (VI)  based  on
aggregation  of  Au  NPs  was  developed  with  the  color  of  the Au  NPs  changing  from  red  to  blue,  which was
r (III)
r (VI)
old nanoparticles
helating
ggregation

readily  seen  by  the naked  eye.  The  color  change  and  surface  plasmon  resonance  (SPR)  absorption  were
used  to monitor  Cr (III) and  Cr
was  obtained,  and  the  detecti
aqueous  solution,  respectively
other  metal  ions  and  was  succ
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 (VI)  levels.  Under  the optimal  assay  conditions,  good  linear  relationship

on  limit  of  Cr (III) and  Cr  (VI) were  0.016  �M  and  0.009  �M  in standard
.  Furthermore,  the colorimetric  method  exhibited  a  good  selectivity  over
essfully  applied  to detect  Cr  (III)  and  Cr (VI) in  real  water  samples.

©  2015  Elsevier  B.V.  All  rights  reserved.

logical Remediation, Shandong Provincial Key Laboratory of Coastal Environmental
 264003, China. Tel.: +86 535 2109130; fax: +86 535 2109130.

dx.doi.org/10.1016/j.colsurfa.2015.02.033
http://www.sciencedirect.com/science/journal/09277757
http://www.elsevier.com/locate/colsurfa
http://crossmark.crossref.org/dialog/?doi=10.1016/j.colsurfa.2015.02.033&domain=pdf
mailto:lxchen@yic.ac.cn
dx.doi.org/10.1016/j.colsurfa.2015.02.033


5  Physic

1

i
e
l
v
b
(
t
a
a
t
n
o
1
t
H
C
(

s
h
a
(
M
a
e
o
i
n
n
o
s
h
b
[
t
m
b
t
n
d
b
t
1
t
A
m
R
f

r
a
r
t
2
t
t
i
a
C
T
C
p
o

8 X. Wang et al. / Colloids and Surfaces A:

. Introduction

Monitoring of toxic metal ions in aquatic ecosystems is still an
mportant issue due to the adverse impacts on human health and
cological environment via the food chain [1]. Chromium (Cr) pol-
ution originating mainly from waste combustion, electroplating,
olcanic, and steel manufacturing [2], commonly exists in two  sta-
le oxidation states in aqueous solutions, namely Cr (III) and Cr
VI). Cr (III), as an essential trace element in mammals, is crucial for
he metabolism of carbohydrates, proteins, nucleic acids and fats by
ctivating certain enzymes and stabilization of proteins and nucleic
cids [3]. However, under overloading conditions, it exhibits high
oxicity and can bind DNA, affecting cellular structures and compo-
ents [4]. Cr (VI) is a well-known carcinogen with negative impact
n human skin, lung, stomachs, kidneys and liver, approximately
00–1000 times’ toxicity than Cr (III) [5,6]. The U.S. Environmen-
al Protection Agency (EPA), European Community (EC) and World
ealth Organization (WHO) have recommended that the limits of
r in drinking water are 100 �g/L (EPA 822-R-06-013), 50 �g/L
98/83/EC) and 50 �g/L (WHO ISBN: 9241546743), respectively.

Increasing concerns over monitoring Cr pollution in aqueous
olution have motivated the development of various assays with
igh sensitivity and selectivity. Current methods of detecting Cr (III)
nd Cr (VI) include electro-thermal atomic absorption spectroscopy
ETAAS) [7], inductively coupled plasma mass spectrometry (ICP-

S)  [8], fluorescence resonance energy transfer (FRET) [9], atomic
bsorption spectrometry (AAS) [10], resonance Rayleigh scattering
nhance (RRS) [11], and so on. Although these existing meth-
ds can provide excellent sensitivity and selectivity analysis, it
s still urgently necessary to explore simpler and more conve-
ient approaches for field assays. Recently, various noble metal
anoparticles have been widely used as attractive colorimetric
r surface-enhanced Raman scattering reporters because of their
trong surface plasmon resonance (SPR) absorption properties,
igh extinction coefficient in the visible region and color-tunable
ehavior that depends on size, shape, and interparticle distance
12–14]. Especially, gold nanoparticles (Au NPs) and silver nanopar-
icles (Ag NPs), have been particularly concerned in detection of

etal ions (e.g. Cu2+, Hg2+, Cr3+, Cr6+ and Pb2+) and biomolecules
ecause of various advantages such as without requiring sophis-
icated materials and complex instruments, reading out with the
aked eyes, and high stability [15–19]. Typically, Wu’s group had
eveloped selective detection of trace Cr (III) in aqueous solution
y using 5,5′-dithiobis (2-nitrobenzoic acid)-modified Au NPs, and
he detection limit of this method in standard aqueous solution was
.8 �M [20]. Tseng’s group had provided colorimetric method for
he detection of Ag+ and Hg2+ based on an assembly of Tween 20-
u NPs [21]. Our group has also designed these kinds of convenient
ethods for detection various targets, such as surface-enhanced

aman scattering sensing of heparin based on anti-aggregation of
unctionalized Ag NPs [22], and so on.

So, herein, a convenient and sensitive “red-to-blue” colorimet-
ic sensor for the determination of Cr (III) and Cr (VI) in standard
queous solutions and tap water samples was presented; this assay
elied upon the aggregation of Tween 20-Au NPs at room tempera-
ure. Purified citrate-capped Au NPs that stabilized by trace Tween
0 and citrate ions were dispersed in phosphate buffer solution. In
he presence of Cr (III), the formation of Cr (III)-citrate chelation led
o the aggregation of Tween 20-Au NPs along with obvious change
n color and SPR absorption. Cr (VI) can be reduced to Cr (III) by
scorbic acid (AA) [23], and thus, in the simultaneous presence of
r (VI) and AA, the generated Cr (III) would cause the aggregation of

ween 20-Au NPs. Here, a colorimetric method was  developed for
r (III) and Cr (VI) with satisfactory sensitivity and selectivity. Com-
ared with previous methods (Table S1, Supporting Information),
ur developed method was maneuverable with good performances,
ochem. Eng. Aspects 472 (2015) 57–62

and all the materials used were inexpensive and available commer-
cially, also the method had been well applied for monitoring Cr (III)
and Cr (VI) in real water samples.

2. Experimental

2.1. Material and methods

Hydrogen tetrachloroaurate (III) dehydrate (HAuCl4·4H2O),
Tween 20 and the used metal salts were obtained from Sinopharm
Group Chemical Reagent Co., Ltd. (Beijing, China). Sodium citrate,
ascorbic acid (AA), chromic chloride and potassium dichromate
were purchased from Aladdin. Other reagents were of analytical
grade and used without further purification. All solutions were
prepared with deionized water (18.2 M� cm specific resistance)
purified by a Cascada TM LS Ultrapure water system (Pall Corp.,
USA).

2.2. Apparatus

UV–vis absorption spectra were recorded on a Thermo Scientific
NanoDrop 2000 C spectrophotometer (Gene Company Ltd., USA).
Transmission electron microscopy (TEM) analysis was performed
on a JEM-1230 electron microscope (JEOL, Ltd., Japan) operating at
100 kV. Zeta potential measurements were performed on Malvern
Zetasizer Nano-ZS90 (ZEN3590, Malvern Instruments Ltd., U.K.). All
glasswares used in the experiments were soaked with freshly pre-
pared aqua regia, and then extensively washed in deionized water
and dried in air.

2.3. Synthesis of Tween 20-Au NPs

Au NPs were prepared with the sodium citrate reduction
method according to the published literatures with necessary mod-
ification [24,25]. In brief, 100 mL  of 1.0 mM HAuCl4 was heated to
reflux with vigorous stirring in a round-bottom flask fitted with a
reflux condenser, and then 10 mL  of 38.8 mM sodium citrate was
rapidly added. The mixture was  kept boiling for another 20 min,
during which its color changed from pale yellow to wine red.
Finally, the solution was cooled to room temperature with con-
tinuous stirring. The size of the citrate-capped Au NPs determined
by TEM image was about 13 nm.  Herein, for Au NPs, citrate acted
as both a reductant for synthesis and a surface passivant for sta-
bilization [26–28]. The prepared Au NPs were first centrifuged at
12,000 rpm for 12 min  to remove the free citrate ions in the solution
and then dispersed in Millipore-Q water containing trace Tween 20.
Tween 20 was  added in order to stabilize the centrifuged citrate–Au
NPs against the high salt conditions. So, Tween 20-Au NPs were
synthesized.

2.4. Detection of Cr (III) and Cr (VI) using Tween 20-Au NPs

The experiments were performed at room temperature, and
pH 6.4 was  selected as the optimal testing pH value. For Cr (III)
sensing, 10 �L of Cr (III) solution was added to 990 �L phosphate
buffer solutions (PBS) containing 200 �L Tween 20-Au NPs. For Cr
(VI) sensing, 10 �L of Cr (VI) solution was  added to 990 �L of PBS
containing 200 �L of Tween 20-Au NPs and 10 �M AA. After equili-
brating for the optimal incubation time, UV–vis absorption spectra
were recorded. Sensitivity of this method toward Cr (III) and Cr
(VI) was evaluated in the similar way, as above 2.4. In the presence

of different concentrations of Cr (III) solutions (from 0 to 10 �M)
and Cr (VI) solution (from 0 to 3.5 �M),  respectively, equilibrating
for the optimal incubation time, UV–vis absorption spectra were
recorded.
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.5. Selectivity study

In the experiments of selectivity procedure, all samples were
repared in the similar way, under the same optimized conditions.
e  investigated the selectivity of our method for Cr (III) and Cr (VI)

ver other metal ions including Na+, Hg2+, Cu2+, Al3+, Zn2+, Mn2+,
g2+, Li+, Cd2+, Ca2+, Pb2+, Fe3+ and Fe2+.

.6. Analysis of real water samples

Tap water samples were collected from our laboratory after
owing for about 5 min. River water samples were collected from
agujiahe River (Yantai, China). They were collected into Teflon
ottle and filtered through a 0.2 �m membrane. The water sam-
les were directly analyzed or stored at 4 ◦C for use. Before the
piking procedure, the samples were analyzed by ICP-MS and were
ound to be free of Cr contamination. And then, 100 �L of the real
ater samples were spiked with standard Cr (III) and Cr (VI) solu-

ions, respectively. The spiked samples were subsequently diluted
o 1000 �L by PBS containing Tween 20-Au NPs, Tween 20-Au NPs
nd AA, respectively.

.7. Safety consideration

Aqua regia has strong oxidizing capacity and adverse effects on
uman health; thus, all of the experiments involving aqua regia
hould be performed with gloves and protective glasses. Most of
ested metal ions are highly toxic and have adverse effects on
uman health; thus, the waste solutions of the experiments should
e collectively reclaimed to avoid polluting the environment.

. Results and discussion

.1. Sensing principle

Fig. 1 presents the sensing principle of the colorimetric method
or the detection of Cr (III) and Cr (VI) based on aggregation of Tween
0-Au NPs. In this colorimetric approach, we took advantage of the
act that, one Cr (III) could bind two citrates which were attached
o the Au NPs, and thus would induce the aggregation of Tween 20-
u NPs [29]. On the other hand, Cr (VI) was not able to trigger the
ggregation of Tween 20-Au NPs, which was probably due to the
trong electrostatic repulsion between negatively charged Cr (VI)
nd Tween 20-Au NPs. That is, Tween 20-Au NPs were still stable by
omparing with the zeta potentials of Tween 20-Au NPs (−28.7 mV)
nd Cr (VI)-Tween 20-Au NPs (−28.5 mV). Interestingly, AA is highly
fficient in the reduction of Cr (VI) to Cr (III) [30]. AA-treated Cr (VI)
ould also induce the aggregation of Tween 20-Au NPs, and thereby
r (VI) could also be detected.

In this method, Au NPs were prepared using the sodium citrate
eduction method according to the reported methods [24,25]
ith necessary modification. Based on the previous work and the
resent experimental observations [24–28], it could be concluded
hat on one hand citrate acted as a reductant for Au NPs synthesis,
nd on the other hand the remained citrate played as a passivant
or Au NPs surface stabilization. Hence, the prepared Au NPs were
rst centrifuged at 12,000 rpm for 12 min  to remove the free citrate

ons in the solution and then dispersed in Millipore-Q water con-
aining trace Tween 20. Tween 20 was added in order to stabilize
he centrifuged citrate–Au NPs against the high salt conditions. In
he presence of Cr (III), it could chelate the adsorbed citrate on the

urface of Au NPs [29], and thereby induce the aggregation of Tween
0-Au NPs followed by an obvious color change from red to blue.

n addition, in the coexistence of Cr (VI) and AA, Cr (VI) could be
educed to Cr (III), resulting in the aggregation of Tween 20-Au
Fig. 1. Schematic illustration of the proposed method for measuring Cr (III) and Cr
(VI) via Cr (III)-citrate chelating based on the Tween 20-Au NPs.

NPs accompanied with obvious change in color and SPR absorp-
tion. Therefore, Cr (III) and Cr (VI) could be sensed optically by this
way.

To demonstrate the feasibility of our colorimetric sensor strat-
egy for Cr (III) and Cr (VI) detection, UV–vis absorption spectra, TEM
images and photographs were utilized to characterize the assay. As
shown in Fig. 2A (a and b), the absorbance of Tween 20-Au NPs
without and with AA appeared at 520 nm and the solutions were
still red (photographs a and b), which indicated Tween 20-Au NPs
were well dispersed in 10 mM PBS. Fig. 2A (c) indicated that with-
out AA, Cr (VI) could not lead to Tween 20-Au NPs aggregation.
However, as clearly shown in Fig. 2A (d and e), in the presence of
2.0 �M Cr (III) or in the simultaneous presence of 2.0 �M Cr (VI) and
10 �M AA, color change (photographs d and e) and the aggregation
of Tween 20-Au NPs occurred. Moreover, dispersion and aggrega-
tion of Tween 20-Au NPs were also characterized, respectively as
shown in Fig. 1B. So, all the results confirmed the colorimetric assay
was feasible for the detection of Cr (III) and Cr (VI).

3.2. Optimization of sensing conditions

In order to obtain better performance of the proposed method,
several related conditions were evaluated including pH,  concen-
tration of AA and incubation time. The absorption values of sensing
solution at 520 nm and 660 nm were employed to represent the
relative amounts of dispersed and aggregated Tween 20-Au NPs,
respectively.

The effect of pH on the aggregation of Tween 20-Au NPs in PBS
were investigated, in the presence of 3.5 �M Cr (III) and in the
simultaneous presence of 2.5 �M Cr (VI) and 10 �M AA. Fig. S1A
(Supporting Information) shows the effect of pH in the range from
6.0 to 8.5. The ratio of A /A was reduced with the increase of pH
660 520
value because alkaline solution conditions could destroy chelating
reaction between Cr (III) and citrate ions. As shown in Fig. S1B (Sup-
porting Information), pH at 6.4 was also suitable for the detection
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Fig. 2. (A) UV–vis absorption spectra (inset photographs is colorimetric response)
of  (a) Tween 20-Au NPs; (b) Tween 20-Au NPs + 10 �M AA; (c) Tween 20-Au
NPs + 2.0 �M Cr (VI); (d) Tween 20-Au NPs + 2.0 �M Cr (III); (e) Tween 20-Au
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Fig. 3. (A) UV–vis absorption spectra changes of the proposed probe with the addi-
tion of different concentrations of Cr (III) (from 0 �M to 10 �M)  and (B) Plots of
A660/A520 versus the concentration of Cr (III) (r = 0.989). Inset photograph is colori-
Ps  + 10 �M AA + 2.0 �M Cr (VI); (B) TEM images of (a) dispersed and (b) aggregated
ween 20-Au NPs.

f Cr (VI). As a result, pH value at 6.4 (10 mM PBS) was  employed
n the following experiments.

The concentration of AA played a crucial role in Cr (VI) sensing
ystem. As shown in Fig. S2 (Supporting Information), when the
oncentration of AA was 10 �M,  the ratio of A660/A520 reached the
quilibrium stage, thus, we used 10 �M AA in this experiment. As
hown in Fig. S3 (Supporting Information), incubation time was
lso investigated with the addition of different concentrations of
r (III) and Cr (VI), respectively. As shown in Fig. S3A (Supporting

nformation), the ratio of A660/A520 became constant at different
oncentrations of Cr (III) after 25 min, and as shown in Fig. S3B (Sup-
orting Information), the optimum incubation time was also about
0–25 min  for the detection of Cr (VI). Finally, we  chose 25 min  as
he incubation time to carry out the experiment.

.3. Sensitivity and selectivity of the sensor

Under optimal sensing conditions, sensitivity of our approach
oward Cr (III) and Cr (VI) was evaluated. As shown in Fig. 3A, with
he increase of the concentration of Cr (III), the absorption peak at
20 nm decreased while peak at 660 nm increased, accompanied
ith obvious color change (inset of Fig. 3A). Fig. 3B shows the ratio

f A660/A520 tended to be constant over the concentration of 5.0 �M,
nd a good linear relationship, y = −0.153 + 0.639x,  was obtained
ver the range of 0.05–5.0 �M (inset of Fig. 3B) with the correlation
oefficient of 0.989.

For Cr (VI) sensing system, as shown in Fig. 4A, obvious changes
n the absorption peak and color occurred. Fig. 4B showed a sat-
sfying linear relationship y = −0.101 + 0.987x over the range of
.02–2.5 �M with the correlation coefficient of 0.987. The detec-

ion limit of Cr (III) and Cr (VI) was 0.016 �M and 0.009 �M,
espectively, calculated by 3�/S (S meant the slope of the linear
quation; � meant the standard deviation of six blank mea-
urements). Thus, the detection limit of Cr (III) was  obtained,
metric response. The error bars represent the standard deviations based on three
independent measurements.

DL = 3 × (0.003343/0.639) = 0.016 �M,  and the detection limit of
Cr (VI) was  obtained, DL = 3 × (0.003092/0.987) = 0.009 �M,  which
confirmed the sensor had excellent sensitivity.

To realize the selectivity of the “red-to-blue” colorimetric
method toward Cr (III) and Cr (VI), other metal ions were tested by
the sensing strategy under the same optimal conditions. As shown
in Fig. 5A, compared with 1.0 �M Cr (III), 100 �M Na+, Hg2+, Al3+,
Zn2+, Mn2+, Mg2+, Li+, Cd2+, Ca2+, Cr (VI), Fe3+ and Fe2+, and 50 �M
Cu2+ and Pb2+, could not induced the aggregation of Tween 20-Au
NPs. And Fig. 5B showed that 100 �M of Na+, Hg2+, Al3+, Zn2+, Mn2+,
Mg2+, Li+, Ca2+, Fe3+ and Fe2+, 50 �M of Cu2+ and Pb2+, and 25 �M of
Cd2+, could not affected the detection of 1.0 �M Cr (VI). In addition,
as we  know, Hg2+ could be reduced to Hg (0) and formed Hg–Au
alloys [31,32], which may  disturb the surface of Au NPs. However,
in this sensing method, 100 �M of Hg2+ could not interfere with the
detection process. It is mainly due to the concentration of AA and
reaction condition, as shown in Fig. S4 (Supporting Information). In
the presence of 10 �M AA, Tween 20-Au NPs was still stable, with-
out any color change. In the presence of 100 �M AA, obvious change
in color and SPR absorption were obtained. Considering 10 �M AA
had been selected as the optimal concentration in this sensing sys-
tem, it could be concluded that even the high concentration of Hg2+
(100 �M)  had no interference on Cr (VI) detection. Therefore, all
of the results indicated that our colorimetric method exhibited a
satisfying selectivity for Cr (III) and Cr (VI).
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Fig. 4. (A) UV–vis absorption spectra changes of the proposed probe with the addi-
tion of different concentrations of Cr (VI) (from 0 �M to 3.5 �M)  and (B) Plots of
A
m
i

3

t
t
c
t
t
I
c

T
T
r
m

Fig. 5. The value of (A660/A520)/(A660/A520)Blank of the proposed sensor (A) in the
presence of 1.0 �M Cr (III), 50 �M of Cu2+, Pb2+ and 100 �M other metal ions respec-
tively, (B) in the presence of 1.0 �M Cr (VI), 50 �M of Cu2+ and Pb2+, 25 �M of Cd2+ and
100 �M other metal ions respectively. Inset photograph is colorimetric response.

Table 2
The recovery of spiked Cr (VI) in tap water and river water samples, and the RSD
values of each sample obtained by three parallel measurements.

Sample Spiked (�M) Detected (�M) Recovery (%) RSD (%)

Tap
water

0 NDa — —
0.05 0.047 94 1.11
0.50 0.503 100.6 0.303
1.00 1.12 112 0.59
1.50 1.47 98 0.76
2.00 2.03 101.5 1.03

River
water

0  NDa — —
0.10 0.11 110 0.76
1.00 1.02 102 1.30
660/A520 versus the concentration of Cr (VI) (r = 0.987). Inset photograph is colori-
etric response. The error bars represent the standard deviations based on three

ndependent measurements.

.4. Practical application

To evaluate its practical applications, the method was further
ested on real samples of tap water and river water. In contrast
o standard aqueous solution, real water sample was compli-
ated environmental fluids, suffering from matrix effect. In order
o obtain accurate test results in real water samples, linear rela-

ionships were further studied. As shown in Fig. S5A (Supporting
nformation), the ratio of A660/A520 increased linearly with the con-
entration of Cr (III) in tap water samples, and a good linearity

able 1
he recovery values of spiked Cr (III) in tap water and river water samples, and the
elative standard deviation (RSD) values of each sample obtained by three parallel
easurements.

Sample Spiked (�M) Detected (�M) Recovery (%) RSD (%)

Tap
water

0 NDa – –
0.05 0.046 92 1.47
0.50 0.51 100.2 2.09
1.00 1.06 106 1.12
1.50 1.37 91.3 0.58
2.50 2.43 97.2 0.72

River
water

0  NDa – –
0.20 0.19 95 0.81
1.00 1.03 103 0.94
2.00 1.97 98.5 1.43

a Not detected.
2.00 1.98 99 0.94

a Not detected.

y = −0.0484 + 0.570x was  obtained. For the detection of Cr (VI) in tap
water samples, linear relation was  y = 0.0503 + 0.901x shown in Fig.
S5B. As shown in Tables 1 and 2, satisfying recoveries were attained.
For example, Table 1 lists the recovery values of 91.3–106% with
relative standard deviation (RSD) values of 0.72–2.09% for spiked
five concentrations of Cr (III) in tap water samples. Recovery val-
ues of 99–110% with RSD values of 0.76–1.30% were obtained for
spiked three concentrations of Cr (VI) in river water samples, as
seen in Table 2. These results clearly demonstrated the developed
“red-to-blue” colorimetric method was potentially applicable for
the detection of Cr (III) and Cr (VI) in real water samples.
4. Conclusions

A “red-to-blue” colorimetric method based on the aggrega-
tion of Tween 20-Au NPs was  developed for highly sensitive and
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elective detection of Cr (III) and Cr (VI). This convenient assay
voided expensive instruments and complicated design/synthesis
rocesses, and allowed detecting two valence state of Cr by sim-
le UV–vis spectroscopy as well as naked eyes. Moreover, under
he optimal sensing conditions, this strategy provided high sensi-
ivity for Cr (III) and Cr (VI) in aqueous solutions (0.016 �M and
.009 �M,  respectively), and it also exhibited satisfactory selec-
ivity over other metal ions. Furthermore, compared with some
eported methods listed in Table S1 (Supporting Information), the
eveloped red-to-blue colorimetric detection of chromium via Cr
III)-citrate chelating based on Tween 20-stabilized Au NPs proved
o be an ideal candidate sensing strategy, which successfully detect
oth Cr (III) and Cr (VI) with satisfactory selectivity and sensitivity.
hat is more, this method provided a great potential application

n real water samples. All the results substantially indicated that
he developed strategy were potentially feasible for metal ions and
heir species monitoring/analysis.
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