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Abstract

In this study, a new Cr(III)-imprinted polymer (Cr(IIl)-IIP) is prepared from CrCl;-6H,0O, methacrylic acid functional mono-
mer, ethyleneglycoldimethacrylate cross-linking agent, 2,2'-azobisisobutyronitrile radical initiator and 2,2-(azanediylbis
(ethane-2,1-diyl))bis(isoindoline-1,3-dione) ligand. To obtain the maximum adsorption capacity, the optimum condition
was studied through pH, type and concentration of eluent, IIP weight, sample volume as well as the adsorption and desorp-
tion times. The Cr(III) ion content was determined via flame atomic absorption spectrometer. In optimum conditions, the
adsorption capacity of the IIP for Cr(III) was obtained to be 74.65 mg g~!, using 50 mg of IIP and the initial pH solution
of 3.0. Both the adsorption and desorption times for quantitative analyses of Cr(IIl) ions were 15 and 5 min; respectively.
After elution of the adsorbed ions by 3 mL of 4 mol L' HNO, aqueous solution, the established IIP-based SPE procedure
provides a reasonable pre-concentration factor of 100. The IIP-based pre-concentration method provides a low detection
limit of 1.7 ug L™" with good repeatability (RSD = 3.22%). Reusability studies confirmed that synthesis IIP is reusable and
recoverable up to six cycles. According to the selectivity experiments, it was concluded that the prepared sorbent possesses
more affinity toward Cr(III) ions than other ions such as AI**, Pb?*, Cu**, Mn?*, Fe?*, Zn?*, and Ni** ions. To evaluate
the potential applicability of the proposed separation method, the pre-concentration and determination of trace amounts of
Cr(IIT) were performed successfully in food samples with complex matrices, a bestial sample (i.e. cow liver) and an herbal
product (i.e., broccoli) as real samples.
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Introduction

Due to the contaminant impacts of various pollutants for
the environment, development of the separation methods
for selective and sensitive determination of these species
in the environmental samples, especially water samples, is
important [1-3]. Among the various types of environmental
pollutants, chromium is a hard metal with high boiling point,
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and high polished, significant resistance at the deterioration
and rust measures. Since Cr(Il) is a very strong reducing
agent, it is not found in biological systems [4]. Cr(III) ion is
toxic to most of the biotic organisms as well as biotic organ-
isms, higher than 0.05 ppm concentration of Cr(IIl) lead to
severe detrimental and lethal effect on the prevailing flora
fauna [5], and it act as carcinogenic agent in animals and
causes severe irritation problems in humans [6]. Chromium
(IIT) possesses toxic effect on humans, animals and plants.
The exposure of living organisms to Cr(III) compounds
can lead to damage of skin, respiratory tract, kidneys and
increases risk of lung cancer. The toxicity of chromate ions
is connected to its strong oxidative potential and the pos-
sibility of free diffusion across the cell membranes [7]. The
maximum allowed limits for contaminants in treated waste-
water are enforced in both developed and many developing
countries [8]. Chromium (III) is an essential micronutrient
playing an important role in the metabolism of glucose as
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a component of glucose tolerance factor (GTF) as well as
in the metabolism of some lipids, such as cholesterol [7].
The determination of chromium species is not possible
directly by instrumental methods including flame and/or
graphite furnace atomic absorption spectrometry. To solve
this problem generally, separation/pre-concentration proce-
dures including liquid-liquid extraction, ion-exchange, elec-
troanalytical techniques, membrane filtration, cloud point
extraction, solid phase extraction [9-11] and ion-imprinted
polymer [12, 13] are applied. During the last years, ion-
imprinted polymers (IIPs) have received much attention by
various groups due to some benefits such as high selectivity,
reusability, chemical stability and adsorption capacity [14,
15]. The high selectivity of IIPs can be explained by the
polymer memory effect towards interaction with a specific
ligand, coordination geometry, coordination number, charge
and size of the metal ion [16, 17].

This work aimed to develop a separation method based
on IIP materials as selective sorbent towards target ion for
solid-phase extraction of Cr(III) ions from aqueous solution.
After synthesis and characterization of the IIP particles, the
pre-concentration percentage of chromium ions from aque-
ous media was studied as a function of experimental param-
eters using the selective polymeric materials. After optimi-
zation, the porous Cr(III)-IIP was functioned as efficient
sorbent for separation of Cr(III) ions prior to its determined
by flame atomic absorption spectrometer (FAAS), as a good
technique for analysis of trace amounts of metal ions.

Experimental
Materials

Methacrylic acid (MAA), ethyleneglycoldimethacrylate
(EGDMA), and 2,2'-azobisisobutyro nitrile (AIBN) were
purchased from Aldrich (Milwaukee, WI, USA). Ethanol by
reagent grade from Merck chemical company was used as a
solvent. 2,2-(azanediylbis (ethane-2,1-diyl))bis(isoindoline-
1,3-dione) and CrCl;-6H,0 and nitrate or chloride salts of
other cations was provided from Merck chemical company.

Apparatus

An Analytic Jena model nova 400 flame atomic absorption
spectrometer was used for measurement of chromium ions
and other metallic cations from solution. A 780 digital pH
meter (Metrohm), equipped with a combined Ag/AgCl glass
electrode was used for pH setting. Scanning microscopy was
carried out using SEM Philips, XL30 instrument. The FTIR
spectra of the synthesized material were recorded using an
infrared spectrometer (Bruker FT-IR vertex 70) by KBr pel-
lets in the range of 4004000 cm™". X-ray diffraction patterns
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were collected using Cu-Ka radiation on a Philips-PW 17C
diffractometer.

Preparation of Cr** ion-imprinted polymer
(Cr(111)-11P)

The Cr(IIT)-IIP were prepared by precipitation polymerization
technique similar to the literature, with some modifications
[18]. For this purpose, 1 mmol of 2,2-(azanediylbis(ethane-
2,1-diyl))bis(isoindoline-1,3-dione) and 1 mmol of
CrCl;-6H,0 were dissolved in 40 mL of ethanol as porogen
solvent, and stirred by magnetic stirrer for 1 h. Then 4.7 mL
MAA, 0.4 mmol AIBN and 30 mmol EGDMA were added
to the mixture. The polymerization mixture was purged for
10 min with N, gas to remove the molecular oxygen and
stirred in the oil bath at 60 °C under a nitrogen atmosphere for
24 h. After polymerization, the obtained polymer was washed
with ethanol and deionized water to remove unreacted mate-
rial. Imprinted ion was leached with 3 X 50 mL nitric acid by
continuous stirring for 18 h and was kept in an oven to dry.
The synthetic producer of unleached and leached Cr(III)-IIP
is shown in the Scheme 1. The non-imprinted polymer (NIP)
was prepared in the same way without chromium ions.

Extraction procedure

The extraction procedure of Cr(III) was performed at opti-
mum pH (3.0). The pH of sample solution was adjusted by
drop-wise addition of 0.10 M solution of sodium hydroxide
or hydrochloric acid. 50 mg of dried polymer was added to
25 mL of aqueous solution containing 1.0 pug mL~" of Cr(III),
and stirred for 15 min. After that, the mixture was centri-
fuged (3000 rpm, 10 min) and the supernatant was removed.
The Cr(IIl) ions pre-concentrated onto sorbent were eluted
by 3 mL solution of nitric acid with 4 M concentration and
stirred for 5 min. The resulting solution was centrifuged and
the Cr(IIT) contents of the solution were determined by FAAS.
The extraction percentage of Cr(III) ions could be obtained by
the following equation:

(G -C)
St

i

Extraction (%) = x 100. e))

C; and C; are the concentrations of Cr(III) ion before and
after extraction in the solution.

Adsorption capacity (Q) can be calculated from following
equation:

(G -G
Q_<—m >><v, )

where m indicates the mass of sorbent (mg); instead of the
“C;—C;” the concentration of chromium ions in desorption
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Scheme 1 Schematic view of unleached and leached Cr(III)-IIP synthetic producer

solution that were determined by FAAS can used. The
distribution ratio (mL g_l) of Cr(IIT)was determined and
defined by Eq. (3),v (L) and m (g) are initial solution volume
and mass of IIP material, respectively. C; (mg L™!) and C;
(mg L1 displayed the initial and equilibrium concentration
of Cr(III).

S 3)
Cf m ’

Kd=

Following Eqs. (4 and 5) were used to calculate the selectiv-
ity coefficient (K .3+ ) and relative selectivity coefficient (K")

mi+

of Cr(II) ions.
3+

“

K

imprinted

K

control

&)

K§'3+and K(IIVI"+ are the distribution ratios of chromium
and potentially interfering ions, respectively.

Real sample preparation

1 g of cow liver was transferred to a furnace for 6 h at
650 °C. The residue was cooled and treated with 10 mL con-
centrated nitric acid, and then after the mixture was heated
at 220 °C for 1 h. After cooling, 5 mL hydrogen peroxide
was added to the mixture. The final residue was diluted using
deionized water and the pH of solution adjusted to 3. The
broccoli as a one type of vegetables was chosen for analysis,
which was collected from the local supermarket. Sample was
air dried followed by drying for 2 h and then powdered. 1 g
of the powder placed in the furnace for 3 h at 300 °C. After
cooling the residue and treated with 10 mL of concentrated
nitric acid, the mixture was heated at 150 °C for 1 h, and
then 5 mL of hydrogen peroxide was added to the dried mix-
ture. Then the resulting material was diluted with deionized
water and the pH of solution adjusted to 3.
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Fig.1 XRD patterns of unleached-IIP (a), leached-IIP (b) and NIP
(©)

Results and discussion
Characterization studies

The XRD patterns of the unleached (A), leached (B) and
NIP (C) ion-imprinted polymer are shown in Fig. 1. The
similarity between XRD patterns confirmed that the three
samples have identical structures and shows the struc-
ture stability of as-prepared IIP against leaching process
under acidic conditions. Meanwhile, the slight difference
between the XRD patterns of unleached and leached IIP
samples is due to the presence of Cr ions in the polymer
backbone [19].

The surface morphology of the leached and unleached
polymers was studied by SEM (Fig. 2). SEM images show
spherical shape and narrow distribution of the particles in
both leached and unleached IIP. From the SEM images,
the particles of both samples have an irregularity in shape;
however, after washing process, a significant decrease in the
average particle size from 788 nm in unleached polymer to
331 nm in leached polymer with an improvement in their
distributions can be observed.

FT-IR spectra of unleached and leached Cr(III)-IIP parti-
cles are shown in Fig. 3. As seen, a similarity in the spectra
patterns is obvious, which may be due to the similar back-
bone of the polymer samples. Moreover, it can be due to that
the polymeric network was remained stable after leaching
process using strong acidic solution. Meanwhile, the chem-
ical stability of the ligand in the polymer matrix may be
concluded [20, 21]. However, the observed frequency shift
in the IR spectra was assigned to the removal of imprinted
metal ion from the polymer [22]. The different frequencies
for N-H band were observed in leached and unleached IIP.
The frequency of N-H band in unleached IIP appears at
3562 cm™! and was shifted to 3645 cm™! in leached IIP.
This is assigned to the fact that chromium ions coordinated

@ Springer

349 nm

AccV Spot Magn Det WD Exp

250kv 22 20000x SE 99 1 CR-UNLEACHED

’k\]‘ 275 nm

Det WD Exp F—— 1m

/\,«‘ 26

AccV  Spot Maqn
26.0kV 24 20000x SE 83 1

Dl sl

CR-LEACHED

Fig.2 SEM images of unleached (a) and leached (b) Cr(III)-I1IP

with non-bonding electron pairs of nitrogen atoms in the
incorporated ligand.

Sorption/desorption studies

Among the factors that affected on metal adsorptive pro-
cesses by IIPs, pH was found to be most essential param-
eter that is a logarithmic quantity. To study the pH effect
on the extraction efficiency, pH of 25 mL sample solution
containing 1 ug mL~! of chromium ion was adjusted in the
range of 2—10 with drop-wise addition of sodium hydroxide
or hydrochloric acid. The adsorption of Cr(III) ions on the
prepared IIP particles increased up to pH 3, then decreased
continuously from pH 3 to 10 (Fig. 4). Based on obtained
data, it could be said that the quantitative adsorption of
Cr(III) ions on the IIP particles maybe occurred at pH 3, thus
this pH was chosen as optimum. At pH < 3, protonation of
N-atoms in the used ligand may limit the strong interaction
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100 of Cr(III) ions was decreased and causes a decrease in its
adsorption efficiency. From the above discussion, a possible
80 | mechanism based on strong complexation between Cr(III)
~ ions and the incorporated ligand beside the good fitness of
s 60 | the imprinted metal ion to the created cavity may be pro-
E posed for efficient sorption of Cr(IIl) at pH 3. Furthermore,
- . .
2 40 the effectiveness of Cr(III) retention on the control polymer
] B . .. . .
o was examined through the similar approach which provide
= the maximum extraction percentage < 60% at the optimum
20 | pH value.
The type, volume and concentration of the eluent solution
0 are the important factors to have a successful elution process
2 3 4 5 6 7 8 9 for desorption of the adsorbed analytes on the sorbent sur-
pH face. For this, various aqueous solution of HNO;, H,SO, and

Fig.4 Effect of pH on the extraction of Cr(IIl) ions using Cr(III)-IIP
(conditions: 50 mg of IIP, 25 mL of chromium solution, loading time
of 15 min, leaching time 5 min)

and complexation between Cr(III) ions and the donor atoms
in the cavity, thus the adsorption efficiency was decreased.
Beside, a significant comparison between the hydrogen
ions and chromium ions for occupying the active sites at
high acidic media is not unexpected. On the other hand, by
considering the very small solubility product constant of
Cr(OH); (K, =7X 1073h), hydrolysis of Cr(IIl) ions with
the high charge density in neutral as well as alkaline media
is not unexpected [23]. Therefore, the free concentration

HCI1 were prepared in the concentration and volume range
of 0.5-4.0 mol L™!, and 1.0-10.0 mL, respectively. After
loading step, the particles were eluted by the solutions in
the separate experiments and the release amount of Cr(III)
was determined by FAAS method. As obtained, the highest
extraction was attained after using 3 mL of 4 mol L™! HNO,
aqueous solution as eluent solution. The required eluent with
harsh condition may be attributed to the high stability con-
stant of the formed complex between the template ion and
the imprinted cavities in the polymeric network. The results
are presented in Table 1.

The adsorption efficiency was studied as a function of
the different amount of sorbent, as an important factor in
the adsorption process. For this, 25 mL of aqueous solution
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Table 1 Influence of eluent conditions and weight of IIP on extrac-
tion and leaching of Cr(III) ion by Cr(III)-IIP particles

Parameters Extraction (%)
Type of eluent
HCI (4.0 M) 80
HNO; (4.0 M) >93
H,SO, (4.0 M) 86
Volume of eluent (mL)
1 84.8
2 93.4
3 98.5
4 95.4
6 96.7
10 96.7
Weight of IIP (mg)
10 47.0
20 50.0
50 99.5
70 99.0
100 99.0

Table 2 Performance characteristics of the ITP-based procedure for
pre-concentration of Cr(II) ion

Parameters Value
Precision (RSD, %) 322
Detection limit (ug L) 1.70
Linear range (ug mL™") 0.01-18.0
pH 3
Amount of IIP (mg) 50
Adsorption time (min) 15
Desorption time (min) 5
Pre-concentration factor 100

containing 1.0 uyg mL~! Cr(III) ions which adjusted at pH
3 were prepared in the presence of different weight of IIP
particles (10-120 mg), and then the extraction of Cr(III)
ions was calculated after the sorption step. As it can be obvi-
ous (Table 1), increasing the IIP weight from 10 to 50 mg
causes the adhesion of the quantitative recovery of Cr(III).
However, no significant changes were observed in the Cr(III)
recovery by continuous increasing IIP weight up to 120 mg.
So, 50 mg of IIP particles was applied for further investiga-
tions (Table 2).

To study the effect of both adsorption and desorption
time on the Cr(IIl) recovery, a wide stirring time (from 2
to 30 min) was applied at optimum conditions. As it can be
observed from Fig. 5, the maximum recovery was observed
after applying 15 and 5 min stirring for adsorption and des-
orption processes, respectively. The acceptable adsorption
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Fig.5 Effect of adsorption and desorption times on the extraction
of Cr(Ill) ions using Cr(III)-IIP (conditions: 50 mg of IIP, 25 mL of
chromium solution, pH 3)
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Fig.6 Effect of initial volume of chromium aqueous solution on the
extraction of Cr(IlI) ions using Cr(III)-IIP (conditions: 50 mg of IIP,
25 mL of chromium solution, pH 3, loading time of 15 min, leaching
time 5 min)

and desorption of Cr(II) ions can be attributed to affinity of
as-prepared nano-scaled ITP sorbent with high surface area
and affinity toward Cr(III) ions [15] (Figs. 6, 7, 8).

To determine the possible maximum aqueous sample
volume as well as the pre-concentration factor, 50 mg of IIP
in different sample volumes from 25 to 600 mL containing
the same concentrations of Cr(IIl) ions were prepared at
optimum conditions, and then the recovery percentages were
calculated. The results showed that the dilution was not sig-
nificant effects on Cr(III) recovery factor for the used sample
volumes up to 300 mL; however, at higher sample volumes,
the recovery of Cr(IIl) ions was decreased, significantly.
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Fig.8 Effect of initial concentration of Cr(IIl) ions on the adsorp-
tion capacity of IIP and NIP particles (conditions: 50 mg of IIP/NIP,
25 mL of chromium solution, loading time of 15 min, leaching time
5 min, pH 3)

Thus, an acceptable pre-concentration factor of 100 can be
achieved for separation of Cr(IIl) ions from aqueous solu-
tions using the present synthetic IIP particles.

Reusability of the prepared IIP particles was studied in
the consecutive sorption experiments. To examine this fac-
tor, 50 mg of IIP particles was applied for different adsorp-
tion /desorption cycles. By considering the quantitative
extraction > 95%, Cr(III)-IIP particles are reusable for five
cycles without decreasing in adsorption—desorption activity.
From the sixth to tenth cycles, the recovery factor decreased
continuously and reached less than 80%.

The maximum adsorption capacity is defined as the high-
est amount of metal ions adsorbed per gram of the sorbent
particles. To obtain and compare the adsorption capacity
for IIP or NIP particles, 50 mg of each sorbent was added
to 25 mL solutions containing 1.0-70.0 ug mL~" of Cr(III)

ions. The adsorption value increased with the adhesion of
Cr(III) concentration from up to 50.0 uyg mL~!, and then the
level-off was achieved at the concentration range from 50.0
to 70.0 ug mL~! (Fig. 5). From Eq. (2), the results indicated
that the adsorption capacity of IIP (74.65 mg g~!) particles
are greater than NIP particles (51.5 mg g™).

The linear range, precision and detection limit

To determine chromium ions, the calibration curve was
established under optimal conditions and the analytical data
of the present method are given in Table 1. As it can be seen,
a linearity behavior was achieved for Cr(IIl) ions over the
concentration range of 0.01-18.0 ug mL ™", with an excellent
correlation coefficient of 0.9995. The detection limit was
calculated from 3S,/m formula to be 1.7 ug L™!; where m is
the slope of the calibration curve and S, is standard deviation
of five replicate blank signals. The relative standard devia-
tion was found to be 3.22% for five separate experiments.

Selectivity studies

The selective performance of the proposed IIP for Cr(III)
adsorption was investigated in the presence of the other
interference ions. In IIP particles, the cavities created
after removal of the template are supplementary to the
imprinted ion in size and coordination geometries. There-
fore, the selectivity coefficient of Cr(IIl) ions was evaluated
by batch experiments and extraction of Cr(IIl) ions from a
solution containing Pb**, AI**, Cu*, Fe** Ni** and Zn**
ions, and results are reported in Table 3. Polymer material
(50.0 mg) was added to 25 mL aqueous solutions contain-
ing 1.00 ug mL~! Cr’*/M"™*. Based on the obtained data, the
following facts could be suggested:

1. Regarding the non-imprinting material, the relative
selectivity coefficients indicated adsorption affinity as
well as the imprinting material selectivity of for the tem-
plate.

2. Regarding the potentially interfering ions, the selectivity
coefficients of NIP for Cr(IIl) are very low.

3. Regarding the potentially interfering ions, the selectivity
coefficients of Cr(III)-IIP are excellent for Cr(III) ions.

Real sample analysis

As a synthetic solid-phase extractor, the applicability of
the prepared IIP sorbent was tested for pre-concentration
of trace levels of Cr(IIl) ions in aqueous solution of liver
and broccoli samples. Through conducting the standard
sample preparation methods, the analytical samples of the
real samples were obtained and their Cr(III) ion content
was determined based on the standard addition method
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Table 3 Distribution ratio (K,),

I K, (IIP) (mL g™! K, (NIP) (mL g~! K (IIP K (NIP K' (K p/K,
selectivity coefficient (K) and ons a (IIP) (mL ) a (NIP) (mL g™ {P) (NIP) KuplKe)
relative selectivity coefficient cit 3991.4 340.90 _ _ _

(K) values of IIP and NIP AP+ 340.90 340.90 1171 1.00 1171
particles for different ions

Pb*+ 818.18 818.18 4.87 0.42 11.59

Cu?* 275.00 275.00 14.51 1.24 11.70

Mn** 164.28 22.65 24.30 15.05 1.61

Fe?* 136.98 37.74 29.14 9.03 3.23

Zn>* 277.77 124.91 14.37 2.73 5.26

NiZ* 406.25 245.17 9.82 1.39 7.06
Table 4 Analytical results for the determination of Cr(III) ion in food Conclusion

samples using the IIP-based solid-phase extraction procedure (N=3)

Sample  Cr(IIT) Cr(III) found RSD (%) Recovery (%)
added (ngL™
(gL
Liver 0.00 5.04+0.24 2.46 -
2.00 7.06+0.10 2.70 101.00
5.00 10.10+0.10 3.00 101.20
Broccoli 0.00 2.68+0.32 2.50 -
2.00 4.60+0.23 2.03 96.00
5.00 7.50+0.10 2.60 96.40

(Table 4). It was found that the present IIP-based solid-
phase extraction method can be applied for quantitative
extraction and successful determination of chromium ions
in various complex real samples with acceptable precision
and accuracy, even in the presence of various diverse ions.

Based on the ion-imprinted polymer, the solid-phase extrac-
tion can be considered as a suitable technique for the metal
ions’ pre-concentration. The acceptable adsorption/desorp-
tion kinetic, high adsorption capacity, reasonable selectivity,
simple synthesis and the prepared sorbent stability make
a lot of attention to ion-imprinted polymers. In this study,
Cr(IIT)-1IP is prepared successfully and is applied for pre-
concentration and determination of Cr(III) ions in some food
samples in Table 5; the recent synthesized Cr-IIP which
reported for separation and pre-concentration of Cr(III) ions
are listed [12, 13, 24-30] which are extracted from various
real samples based on different ligands and detection using
different techniques. By comparing the sorbent characteris-
tics, it can be concluded that as-prepared Cr-IIP nanoparti-
cles can be categorized as an efficient and favorable sorbent
with high adsorption capacity for separation and Cr(III) ion
pre-concentration with acceptable precision and selectivity.

Table 5 Comparison of different reported IIP sorbents for separation ion of Cr(IIl) ions

Entry Ligand pH  Adsorption  Detection limit Pre-con- RSD (%) Detection method References
capacity centration
(mg/g) factor
1 Methacryloylhistidine 4-6 69.28 1.2 ng/mL 267 2.6 FAAS [24]
2 3-(2-Aminoethylamino) propyltrimeth- 7.0  30.5 0.004 ng/mL. 40 4.44 ICP-MS [23]
oxysilane
3 Pyrrolidinedithiocarbamate 4.0 0.0013 0.18 ng/mL 10 3.2 ETAAS [12]
4 Aminopropyl-functionalised silica gel 6.0  11.12 0.11 ng/mL 50 1.2 ICP-AES [13]
5 Nicotinate 9-10 4.5 0.08 pg/mL - 1.8-3.4 FAAS [26]
6 Aminopropyl-functionalised silica gel 4.5 0.0012 - - 3-6 ETAAS [25]
7 -8-hydroxyquinoline 9.0 8.5 2.1 ng/mL 33 0.5-3.4 FAAS [26]
8 Polyethyleneimine (PEI) was grafted 7.0 5.24 - - - Spectrophotometry [27]
onto the surfaces of silica gel (SiO,)
9 Imprinted functionalized SBA-15 6.0 385 0.53 pg/L - 2.1 ICP-AES [28]
9 2,2-(Azanediylbis (ethane-2,1-diyl)) 3.0 74.65 1.7 ng/mL 100 3.22 FAAS This work

bis(isoindoline-1,3-dione)

FAAS flame atomic absorption spectroscopy, /CP-AES inductively coupled plasma atomic emission spectrometry, ETAAS electrothermal atomic
absorption spectrometry, /CP-MS inductively coupled plasma mass spectrometry
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