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method was successfully utilized for the determination of 
Fe3+ and I− ions in river water, well water and tap water 
samples.
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1  Introduction

During recent years, fluorescence sensing techniques 
have been intensively investigated by researchers in vari-
ous fields in search for new fluorescent sensors capable 
of revealing presence of hazardous materials [1–5]. Fluo-
rescent probes work based on transforming the changes in 
fluorescence emission when they bind to targets into the 
useful analytical signals. They offer ease in use and cost-
effectiveness compared to the traditional techniques plus 
in most cases, they need simple preparation routes. So far, 
the most detected hazardous materials by means of fluo-
rescent probes have been anions and metal cations [6, 7]. 
This remarkable focus on ions is due to the widespread 
use of anions and cations by industries such as metal plat-
ing, mining, fertilizers, tanneries, batteries, and pesticides. 
In addition, the lack of effective processes for elimination 
of ions from wastewaters, subsequently leads to releasing 
large amounts of them into the environment. On the other 
hand, since these ions are non-biodegradable, they can be 
accumulated in plants and animals and therefore, get into 
the human body through food chains. Among cations, it is 
recently known that beside essential roles played by Fe3+ 
ions in living organisms, unbalancing amount of this ion 
either being in higher level or lower level in the body has 
adverse effects such as anemia, diabetes, Alzheimer’s dis-
ease and cardiac failure [8–10]. Among anions, iodide ion 
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silica material SBA-15. Different techniques such as XRD, 
TEM, FT-IR, N2 adsorption–desorption and TGA analyses 
were employed to characterize the grafting process. The 
data showed that the organic moiety (0.41 mmol g−1) was 
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CH3COO−. A good linear response was observed between 
the concentration of the quenchers (Fe3+ and I− ions) and 
fluorescence intensity of SBA-15-CA with detection limits 
of 1.5 × 10−7 M for Fe3+ and 0.2 × 10−7 M for I−. Moreo-
ver, the effects of various pH values on the sensing abil-
ity of SBA-15-CA were investigated. Finally, the proposed 
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plays an important role in human growth and health via 
thyroid function and neurological activity. It has also been 
known that both deficiency and excess intake of iodide 
can lead to a variety of diseases such as metabolic disor-
ders and even brain damage [11–13]. Up to now, some suc-
cessful reports have been published declaring detection of 
Fe3+ [14–17] and I− [18–20] individually. However, there 
are lots of reported probes for these ions which suffer from 
some disadvantages like requiring tedious synthetic proce-
dures [21, 22] or organic solvents for optimal sensing per-
formance which makes them inapplicable for direct utiliz-
ing in water samples [23–29]. Therefore, it is of importance 
to design and fabricate a novel fluorescent probe capable of 
detecting these two opposite ions, i.e. Fe3+ and I−, in 100% 
aqueous solution which is also technologically and eco-
nomically more interesting. To the best of our knowledge, 
there is only one report on a small organic probe capable of 
detecting these two ions, however, it requires organic sol-
vents (THF and CH3CN) [30].

As a new class of fluorescent probes, organic–inorganic 
hybrid nanomaterials have attracted particular attention. 
Generally, the organic part in this class consists of a bind-
ing site which selectively coordinate to a specific analyte 
and a fluorophore which is responsible for emitting light. 
The inorganic part provides high surface area acting as an 
excellent support for the attachment of organic part. Differ-
ent inorganic host materials that have been frequently uti-
lized for developing functional materials include core–shell 
nanomaterials [31], SiO2 nanoparticles [32], mesocage 
scaffolds [33] and ordered nanoporous silica (ONS) materi-
als such as MCM-41 [34], SBA-15 [35], and LUS-1 [36]. 
Among the mentioned scaffolds, ONS materials have been 
the most chosen ones by researchers because they offer 
versatile characteristics. ONS materials possess a high spe-
cific surface area covered with abundant hydroxyl groups 
(−OH) accessible for grafting of organic moieties. The 
presence of large ordered channels with two open ends 
and large pore diameters facilitate the movements of ions 
through the channels. Due to the presence of hydroxyl 
groups all over the surface, the surface becomes polar and 
water molecules can move easily in and out to the pores. 
Therefore, ONS materials make it possible for attachments 
of even the water insoluble organic moieties onto the sur-
face and applied them in aqueous media without using 
organic solvents. These materials are transparent in a wide 
range of UV–Vis region, so no interferences are made by 
them on the fluorescence spectra. Since the organic moie-
ties are covalently bounded to the surface, bleaching out of 
these groups into the solution is hindered and photostability 
of fluorophores are also improved. Thus they become more 
durable for a long time and for a successive recycling and 
usages. Finally, bio-compatibility of ONS materials makes 
them suitable for being used in aquatic environments.

A number of methods such as atomic absorption spec-
trometry [37, 38], inductively coupled plasma-mass spec-
troscopy (ICP-MS) [39, 40], and voltammetry [41, 42] 
have been used for detection and estimation of Fe3+ and 
I− ions in solutions. However, these methods are extremely 
costly, time consuming, nonportable and employ compli-
cated instrumental calibrations, sample pretreatments and 
well-trained operators. In contrast, optical probes benefit 
from low costs, simplicity, real-time monitoring with fast 
response time, high selectivity and sensitivity.

Recently, our research group has focused in search for 
new chemosensors based on ONS materials and a num-
ber of fluorescent chemosensors have been designed and 
reported [43–48]. Herein, in continuation of our attempts, 
we intend to introduce a novel SBA-15 based fluorescent 
chemosensor (SBA-15-CA) capable of detecting two oppo-
site ions. SBA-15-CA exhibited a remarkable fluorescent 
quenching in the presence of Fe3+ ion over other competi-
tive cations including Na+, Mg2+, Al3+, K+, Ca2+, Cr3+, 
Mn2+, Fe2+, Co2+, Ni2+, Cu2+, Zn2+, Cd2+, Hg2+, and Pb2+ 
as well as I− ion among a series of anions including F−, 
Cl−, Br−, CO3

2−, HCO3
−, CN−, NO3

−, NO2
−, SCN−, SO4

2−, 
H2PO4

−, HPO4
2−, and CH3COO−. SBA-15-CA was pre-

pared through two-step post-grafting method, i.e. function-
alization of SBA-15 surface with 3-(idoopropyl)triethoxysi-
lane followed by covalent attachment of chromotropic acid 
groups. We show that this probe demonstrates beneficial 
properties, such as high sensitivity and selectivity towards 
Fe3+ and I− ions in total aqueous media, its detection limit 
values are comparable to purely organic-based probes 
reported in the literature, it is applicable in real water sam-
ples and its preparation method is simple.

2 � Experimental

2.1 � Materials and instruments

Tetraethylorthosilicate (TEOS, Merck) and Pluronic P123 
(EO20PO70EO20, MW = ca. 5800) (Aldrich) were used as 
a silica source and structure-directing agent, respectively. 
3-(Idoopropyl)triethoxysilane (CITES, Merck), 1,8-dihy-
droxynaphthalene-3,6-disulfonic acid disodium salt (chro-
motropic acid, Merck), hydrochloric acid (Merck), THF 
(Merck), triethylamine (TEA, Merck) and all other materi-
als including metal salts were purchased from Merck and 
Sigma–Aldrich and used without further purification.

Low-angle X-ray diffraction (LAXRD) measurements 
were performed on X’Pert Pro MPD diffractometer using 
Cu Kα radiation (λ = 1.5418  Å). The N2 adsorption–des-
orption isotherms were obtained using a BELSORP-miniII 
instrument at liquid nitrogen temperature (−196 °C). 
All samples were degassed at 100 °C before performing 
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measurements. The Brunauer-Emmett-Teller and Barrett-
Joyner-Halenda equations were applied on sorption data 
using BELSORP analysis software to calculate physical 
properties of materials such as specific surface area, pore 
diameter, pore volume and pore size distribution. The Fou-
rier transform infrared (FT-IR) spectra were obtained in 
KBr disks on a RAYLEIGH WQF-510A. Transmission 
electron microscopy (TEM) was performed using a Zeiss 
EM900 instrument at an accelerating voltage of 80  kV. 
Samples were dispersed in ethanol using an ultrasonic bath 
and a drop of the ethanol mixture was placed on a lacey 
carbon-coated copper grid for analysis. FESEM images 
were obtained on MIRA3 microscope. Thermogravimet-
ric analyzes (TGA) were carried out by a TGA Q50 V6.3 
Build 189 instrument from ambient temperature to 800 °C 
with a ramp rate of 10 °C  min−1 in the air. Fluorescence 
measurements were collected on a Cary Eclipse Fluores-
cent Spectrophotometer.

2.2 � Synthesis of iodo functionalized SBA‑15 (SBA‑15‑I)

SBA-15 was synthesized according to ref [49]. Typically, 
pre-dried SBA-15 (2  g) was dispersed in THF in a two-
neck container for about 0.5 h to gain a homogeneous dis-
persion. Then, CITES (10 mmol) was added to the solution 
and the mixture was refluxed overnight. The resultant solid 
(denoted as SBA-15-I) was filtered, washed with toluene 
and THF, and dried over night at ambient temperature.

2.3 � Synthesis of chromotropic acid functionalized 
SBA‑15 (SBA‑15‑CA)

After the homogeneous dispersion of SBA-15-I (1  g) in 
THF, the mixture of chromotropic acid (5 mmol) and TEA 
(5 mmol) in THF was added to the solution together with 
vigorous stirring and the mixture was refluxed for 6  h. 
After that, the solid product was filtered, washed with 
THF and methanol, and finally dried overnight in oven 
at 80 °C. The final product was denoted as SBA-15-CA. 
Scheme 1 depicts the synthetic procedure of SBA-15-I and 
SBA-15-CA.

2.4 � The fluorescence experimental procedures

All the experiments were conducted in double distilled 
pure water. Stock solutions of all metal-ions (1 × 10−2 M) 
were prepared using their nitrate salts. Those of anions 
(1 × 10−2 M) were prepared using their sodium or potas-
sium salts. For the preparation of a stock solution of 
SBA-15-CA, 0.02  g of the fine powder of SBA-15-CA 
was added to 100 mL of double distilled pure water and 
the solution was dispersed under sonication to ensure the 
rapid mixing. The volume of a solution of SBA-15-CA 
used in all experiments was 3 mL brought into a fluores-
cence quartz cell 10 mm for measurement. All tests were 
carried out at room temperature. 1 min was selected as 
the detection time in this paper.

Scheme 1   The synthetic 
procedure of SBA-15-CA and 
proposed binding mechanism 
of SBA-15-CA for Fe3+ and 
I− ions
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The ion recognition behavior of SBA-15-CA was eval-
uated from the changes in fluorescence spectra of SBA-
15-CA (3  mL H2O suspension, 0.2  g  L−1) upon addi-
tion of 33  µM that ion. Titration spectra were recorded 
by adding different concentrations of Fe3+ and I−ions to 
3 mL of SBA-15-CA solution to quench the fluorescence.

To evaluate any possible interference due to different 
metal ions for the estimation of Fe3+ and different anions 
for the estimation of I− ion, the measurements were made 
according to the following procedure. In a fluorescence 
quartz cell 10  mm, 3  mL of the stock solution of SBA-
15-CA (0.2 g L−1) and Fe3+ ion along with other interfer-
ing metal ions (in a 1:4 ratio) were mixed and then, the 
fluorescence intensity of each solution was recorded. The 
same procedure was reported for I− ion in the presence of 
interfering anions.

To study the possible effects of pH, hydrochloric acid 
and sodium hydroxide were employed to adjust pH val-
ues. After each adjustment of pH, the fluorescence spec-
tra of the stock solution of SBA-15-CA (3 mL, 0.2 g L−1) 
were individually recorded in absence and presence of 
Fe3+ and I− ions (33 μM).

3 � Results and discussions

3.1 � Characterizations

Figure 1 shows FESEM (a) and TEM (b) images of origi-
nal SBA-15 particles. FESEM displayed rod-type external 
morphology of particles and TEM images showed long 
parallel channel-structure throughout the particles.

Figure  2 illustrates the LAXRD patterns of original 
SBA-15 and final product of SBA-15-CA. Generally, ONS 
materials exhibit three characteristic reflections in LAXRD 
patterns: one intense reflection at the 2θ value around 0.9 

related to the diffraction from (100) plane and 2 weak 
reflections at 2θ value near 1.9 attributed to the diffrac-
tion from (110) and (200) planes. The observation of those 
above mentioned reflections in LAXRD patterns of sam-
ples imply the presence of long range order and 2D-hexag-
onal mesostructure. As can be seen in Fig. 2a, b, LAXRD 
patterns of both samples exhibited these characteristics 
reflections which mean the maintenance of the structural 
properties of original SBA-15 after modification steps. 
However, the intensity of those reflections was decreased 
for functionalized sample, i.e. SBA-15-CA, indicating the 
presence of organic components covalently grafted into the 
pore channels may decrease the mesoscopic order of the 
pore channels, leading to the decreased intensity of (1 0 0), 
(1 1 0), and (2 0 0) reflections.

Fig. 1   a FESEM and b TEM 
images of original SBA-15

Fig. 2   LAXRD patterns of a SBA-15 and b SBA-15-CA
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Figure  3 demonstrates N2 adsorption–desorption iso-
therms of SBA-15 and SBA-15-CA. Both samples exhib-
ited a type IV standard IUPAC isotherm which corresponds 
to mesoporous materials. The hysteresis loop between P/P0 
at 0.5–0.8 was characteristics of large tubular pores [50]. 
As it can be seen from the structural properties of samples 
in the inset of Fig. 3, the amount of all three parameters, 
i.e. specific surface area, average pore diameter, and total 
pore volume, were decreased for SBA-15-CA which were 
due to grafting organic moieties onto the surface of SBA-
15 resulting in lowering the volume of adsorbed N2 mol-
ecules into the pores. Furthermore, the similarity between 
the isotherms for both samples confirmed that the original 
structure of SBA-15 was not collapsed which is in accord-
ance with LAXRD results.

In order to further supporting the attachment of fluoro-
phores, FT-IR spectra of SBA-15 and SBA-15-CA were 
recorded. As shown in Fig.  4, SBA-15 spectrum showed 
characteristic peaks of mesoporous silica materials which 
were also observed for SBA-15-CA including peaks around 
800 and 1100 cm−1 (Si–O–Si framework stretching vibra-
tions), a wide band above 3000  cm−1 (O–H vibrational 
stretching) which was decreased for SBA-15-CA due to the 
functionalization, and a peak around 960  cm−1 (Si–O–H 
bending stretching). In addition, SBA-15-CA spectrum 
showed peaks within the range of 2880–2995 cm−1 attrib-
uted to aliphatic C–H stretching vibrations, and a series 
of peaks around 1208, 1370 and 1605  cm−1 could be 
assigned to the sterching vibration of C-Si, asymmetric 
stretching of S=O bands of sulfonate groups and C=C 
streching in aromatic ring, respectively. Moreover, a peak 
around 1640  cm−1 could be due to the physisorbed water 
molecules.

Figure  5 gives thermogravimetric curves of SBA-15-I 
and SBA-15-CA which were taken to measure the quan-
tity of the attached organic moieties. The weight loss up to 
150 °C can be assigned to the elimination of physiosorbed 
water molecules. Moreover, the weight loss between 150 
and 650 °C can be attributed to the degradation of organic 
moieties. Therefore, the amount of the attached organic 
mieoties on the surface of SBA-15 was about 7 and 12% 
for SBA-15-I and SBA-15-CA, respectively. Based on these 
percentages, the amount of the attached fluorophore was 
approximately estimated to be 0.41 mmol g−1.

3.2 � Fluorescence response of SBA‑15‑CA

The fluorescence properties of SBA-15-CA were sepa-
rately evaluated in presence of various cations and anions. 
A number of common cations including Na+, Mg2+, Al3+, 
K+, Ca2+, Cr3+, Mn2+, Fe2+, Fe3+, Co2+, Ni2+, Cu2+, Zn2+, 
Cd2+, Hg2+, and Pb2+ and a series of anions including F−, 

Fig. 3   N2 adsorption–desorption isotherms of a SBA-15 and b SBA-
15-CA. Inset is the table of structrul parameters

Fig. 4   FT-IR spectra of a SBA-15 and b SBA-15-CA

Fig. 5   TGA curves of a SBA-15-I and b SBA-15-CA
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Cl−, Br−, I−, CO3
2−, HCO3

−, CN−, NO3
−, NO2

−, SCN−, 
SO4

2−, H2PO4
−, HPO4

2−, and CH3COO− were investigated. 
These two types of ions were evaluated in different excita-
tion wavelengths in order to find the best results in terms of 
sensing behavior. It was found that applying the wavelength 
of 315 nm as excitation wavelength for cations and 235 nm 
for anions resulted in the optimum responses. The aque-
ous suspended SBA-15-CA followed by excitation at both 
excitation wavelengths showed an intense emission within 
the range of 300–450  nm. Figure  6 depicts the recorded 
changes in emission of the probe. As can be seen in Fig. 6a, 
all the cations except for Fe3+ had little impact on the fluo-
rescence emission of SBA-15-CA whereas upon the addi-
tion of Fe3+ ion, the emission was remarkably quenched. 
The interesting point is that despite the very similar system 
which was reported in ref. [51], Hg2+ ion did not affect 
the emission of the present sensing system. On the other 

hand, for anions experiments, the significant quench of 
fluorescence emission was only observed upon addition of 
I− ion and the impact of other anoins was negligible, as it is 
depicted in Fig. 6b.

3.3 � pH Effects

In order to provide the optimum condition for fluorescence 
measurements, the evaluation of SBA-15-CA efficiency 
in a wide pH range was studied. The effects of various 
pH ranging from 2 to 12 on the fluorescence intensity of 
SBA-15-CA was recorded in the absence and presence of 
Fe3+ and I− ions, individually. The fluorescence intensity of 
SBA-15-CA in absence and presence of I− ions were almost 
independent from pH values indicating that SBA-15-CA is 
an excellent probe for detection of iodide over a wide pH 
range from 2 to 12. However, the fluorescence intensity 
of SBA-15-CA in the presence of Fe3+ was unstable and 
it can be used as a Fe3+-probe in pH values in the range of 
4–8 (Fig. 7). This pH insensitivity of SBA-15-CA in near 
neutral media is of importance for its practical applications 
in both environmental and biological analysis. For further 
studies, the pH of solvent kept constant at 6.

3.4 � Fluorescence competition study

The selectivity of the probe toward Fe3+ and I− ions in the 
presence of other ions as interfering agents is an extremely 
important feature that should be investigated. Accord-
ingly, the competition experiments were conducted and the 
results were depicted in Fig. 8. As it can be seen, negligi-
ble interfering effects were observed for both ions implying 
that SBA-15-CA is a selective sensing system for detection 
of these two ions even in the presence of excess amounts of 
other ions.

Fig. 6   Fluorescence emission spectra of SBA-15-CA (3  mL H2O 
suspension, 0.2 g L−1, pH = 6) in the presence of 33 μM a Na+, Al3+, 
Mg2+, Ca2+, K+, Cr3+, Mn2+, Fe2+,  Fe3+, Co2+, Ni2+, Cu2+, Zn2+, 
Cd2+, Hg2+, and Pb2+ ions (λex = 315  nm) and b F−, Cl−, Br−, I−, 
CN−, NO2

−, NO3
−, SO4

2−, CO3
2−, HCO3

−, H2PO4
−, HPO4

2−, SCN−, 
CH3COO− ions (λex = 235 nm)

Fig. 7   Effect of pH on the fluorescence response of SBA-15-CA 
(3  mL H2O suspension, 0.2  g  L−1) in absence and presence of the 
quenchers (33 μM)
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3.5 � Fluorescence titration study and detection limits

To determine the sensitivity of the probe towards differ-
ent concentrations of Fe3+ and I−  ions and also to infer 
the mechanism of fluorescence quenching, fluorescence 
titration experiments were performed. As shown in Fig. 9, 
similar quenching behavior was observed as gradual 
increase in concentration of both ions, but the quenching 
effect of iodide was slightly more than Fe3+ ions. Moreo-
ver, plotting the fluorescence intensities against the con-
centration of the quenchers ([Q]) revealed that these two 
parameters were linearly related to each other for concen-
trations below 25 μM (Fig. 10). This means that the static 
quenching mechanism happened and the fluorophores were 
equally accessible to quenchers [29, 52] supported by the 

fact that fluorophores were immobilized on the surface of 
SBA-15 and molecular translational motion for them was 
hindered. Therefore, Stern–Volmer equation can be applied 
which is stated as I0/I = 1 + Ksv[Q], where I0 and I represent 
the intensity of the probe in absence and presence of the 
quencher, respectively, and Ksv is the Stern–Volmer con-
stant providing quantitative measure of quenching. Ksv was 
found to be 1.6 × 107 and 2.0 × 107  M−1 for Fe3+ and I−, 
respectively. Furthermore, the deviation from linearity for 
[Q] was observed for concentrations higher than 25 μM and 
it could be possibly due to binding of ions to the grafted 
fluorophores mostly on the entrance of the pores which 
made the penetration of the rest of the quencher into the 
inner part difficult and thus, interior flourophores became 
inaccessible to the quenchers. The detection limit (DL) 

Fig. 8   Selectivity of SBA-
15-CA (3 mL H2O suspension, 
0.2 g L−1, pH = 6) for a Fe3+ 
ion (λex = 315 nm) and b I− ion 
(λex = 235 nm) in the presence 
of other related ions as interfer-
ing agents. ([Fe3+] or [I−] to 
[other ions] = 1:4)



144	 J Porous Mater (2018) 25:137–146

1 3

of the proposed probe for both ions was calculated using 
the following equation: DL = 3σ/m where σ represents 
the standard deviation of the blank solution measured six 

times and m is the slope of the fluorescence intensity ver-
sus [Q]. DL was calculated to be 1.5 × 10−7 M for Fe3+ and 
0.2 × 10−7 M for I− ion.

Additionally, the performances of a series of chemosen-
sors for the detection of Fe3+ are listed in Table  1. As is 
evident from Table 1, compared with other chemosensors, 
SBA-15-CA is one of a few probes that work in total aque-
ous media. Also, the detection limit result obtained for 
SBA-15-CA is comparable to the reported values in the lit-
erature, as shown in Table 1.

3.6 � Mechanisms of fluorescence quenching

As discussed before, both Fe3+ and I− ions resulted in 
quenching of fluorescence emission of naphthalene units. 
Considering the observed linearity of the fluorescence 
intensity toward the concentrations of both ions, static 
quenching mechanism was proposed implying the forma-
tion of a non-fluorescent complex between the ions and 
fluorophores. In the case of Fe3+ ion, it is proposed that the 
quenching effect could be due to the paramagnetic nature 
of Fe3+ ions with unpaired electron in d5 electronic config-
uration which could give rise to an intramolecular electron 
transfer or energy transfer processes between ligand and 
Fe3+ within the complex. Because of the charge, Fe3+ ions 
are more probably bind to sulfonic groups (Scheme 1) [14, 
61, 62]. On the other hand, iodide is well-known to impose 
heavy atom effect on fluorescence emission. When iodide 
binds to the fluorephores, it quenches the emission via 
intersystem crossing induced by spin–orbit coupling upon 
interaction with the excited state of the fluorophore. In 
other words, the excited fluorpophores are returned to the 
ground state by non-radiative decay. As the case of Fe3+, 
static quenching mechanism was also observed for iodide 
ion [1, 29, 52]. Interestingly, iodide was also an effective 
quencher in previously reported fluorescent system in ref 
[47]. in which fluorophore was also contained sulfonic 
groups. Therefore, it was proposed that some degree of the 
anion-π interaction could be involve between I− ion and 
naphthalene ring [63, 64].

3.7 � Real samples

SBA-15-CA was successfully applied in three different 
types of water (tap water, well water and river water of 
Tehran) for the detection of Fe3+ and I− ions. River water 
and well water were filtered through a filter paper before 
use. After dispersing SBA-15-CA in each sample, the fluo-
rescence intensity spectra of the prepared samples were 
recorded. Then, the samples were spiked with known 
amounts of Fe3+ and I− ions and their emissions were ana-
lyzed. Table  2 summarizes the results derived from the 
recorded fluorescence spectra after the addition of Fe3+ and 

Fig. 9   Fluorescence emission spectra of SBA-15-CA (3  mL H2O 
suspension, 0.2 g L−1, pH = 6) upon addition of increasing concentra-
tions of a Fe3+ ion (λex = 315 nm) and b I− ion (λex = 235 nm)

Fig. 10   Fluorescence intensity ratio of I0/I as a function of quencher 
concentration ([Q]). a Fe3+ and b I− ion (I0 and I = Fluorescence 
intensity of SBA-15-CA in absence and presence of quencher, respec-
tively)
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I− ions. The emission of the resulting solutions was meas-
ured and with the help of the calibration curve, the concen-
tration of related ions was determined. The obtained results 
demonstrated good agreement between the spiked and 
measured amount of ions.

4 � Conclusion

In summary, the functionalized SBA-15 with chromotropic 
acid as an organic–inorganic hybrid nanomaterial (SBA-
15-CA) was synthesized and characterized. The fluores-
cence emission properties of the probe were studied and 
it revealed selective detection of Fe3+ and I−  ions over a 
wide range of the related ions. SBA-15-CA was capable of 
detection these two opposite ions in a wide range of pH in 
water without using organic solvents. Furthermore, a good 
linearity between the fluorescence intensity of SBA-15-CA 
and the concentration of Fe3+ and I− ions was constructed 

with suitable detection limits of 1.5 × 10−7 M for Fe3+ and 
0.2 × 10−7 M for I− ions.
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