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Molybdenum (Mo) is a trace element of biological and
environmental relevance. A novel method according to
dispersive liquid-liquid microextraction technique based on
solidification of a floating organic drop prior to UV-Vis
spectrophotometry for determination of Mo at trace
amounts in environmental samples was established. This
method was based on the reaction of Mo with thiocyanate
(SCN") as a chelating agent for formation of Mo (SCN)s in
acidic medium. An appropriate mixture of acetone and 1-
undecanol was rapidly injected into an aqueous sample and
the red Mo complex was then extracted into 1-undecanol.
After centrifugation, the sample tube was cooled for 5 min
and the solidified formed 1-undecanol drop on the top of the
solution was transferred into a micro-cuvette for
determination of Mo by UV-Vis spectrophotometry.
Absorbance of the complex was measured at 470 nm.
Several important relevant parameters such as the amount
of 1-undecanol and acetone, concentration of hydrochloric
acid and extraction time were investigated. Under optimum
operating conditions, the calibration curve in the linear
region and concentration range of 12 to 100 ng mL! of Mo
were plotted. The limit of detection (LOD) of the method
obtained was 3.8 ng mL?! based on 3Sp/m. The relative
standard deviation (RSD %) of the method was found to be
3.3% for five replicate measurements. The proposed
method was successfully applied for the determination of
the Mo in tap and well water real samples with recoveries in
the range of 95-103%. The proposed method was fast,
sensitive, cheap, and used very small volumes of organic
and environmentally friendly solvents.
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EXTENDED ABSTRACT

Introduction

Molybdenum is an important biological element in small amounts. It has various
oxidation states from + 2 to +6, which are easily converted into each other. Despite the
essential need of molybdenum in small amounts, it can be toxic to plants, animals and
humans in high concentrations. However, the detection of molybdenum in low
concentrations in natural samples requires pre-concentration steps before detection. In
the conducted research, the ultraviolet-visible spectrometer method was used to
determine molybdenum. Ultraviolet-visible spectroscopy is a cheap, common, simple and
easy-to-use method, but its greatest problem is its low sensitivity for determining small
amounts. As a result, it is not possible to measure concentrations lower than mg/liter for
the target compound by the direct measurement method. In this study, the dispersive
liquid-liquid microextraction method based on the solidification of floating organic drop
(DLLME-SFOD) method was used to extract preconcentration molybdenum in small
amounts in water samples. Molybdenum formed red molybdenum thiocyanate complex in
+5 oxidation state with thiocyanate ion., It was then measured by an ultraviolet-visible
spectrometer with a micro cell. The absorption of the complex was at the wavelength of
470 nm. The proposed method was successfully used to determine molybdenum in real
samples with recovery in the range of 95-103%. To the best of our knowledge, there is no
dispersive liquid-liquid microextraction method based on the solidification of floating
organic drop for pre-concentration and determination of molybdenum.

Experimental

Reagents

Molybdenum was prepared from (NH4)s[M07024].24H20 salt from a Belgian company.
Acetone, 1-undecanol, hydrochloric acid 37%, potassium thiocyanate, and tin (II) chloride
were obtained from Merck, Germany.

Apparatus

In order to measure the absorption, an ultraviolet-visible spectrophotometer from
Unicoy China, Model 2150S was used. The pH of the solution was measured with the pH
meter of Hanai Company, Romania, and model 8314. A Lebtron model 100-LS vortex mixer
was used to help the extraction process. To separate the phases, a centrifuge made by
Behdad Company, Iran was used.

Microextraction procedure

Molybdenum (VI) was converted into molybdenum (V) in an acidic solution by tin (II)
chloride. Molybdenum (V) formed a red complex with thiocyanate ion. This complex was
extracted with oxygen-giving organic solvents such as undecanol. In the microextraction
process, 25 ml of sample solution containing 40 ng/ml of molybdenum was prepared. 7 ml
of this sample was transferred to a glass centrifuge tube with a conical end. 200 pl of
thiocyanate solution was added to the tube. 0.5 ml of hydrochloric acid for acidification
and 0.5 ml of tin (II) chloride were added to the solution, then 300 microliters of
undecanol solvent and 1 ml of acetone were added to the tube as an extraction solvent. The
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final solution was mixed for one and a half minutes at 3000 rpm. As a result of vortex
stirring, undecanol droplets were formed, causing the red molybdenum thiocyanate
complex to be extracted in a short period of time. After mixing, the two phases were
separated using a centrifuge for 4 minutes at 3000 rpm, and the undecanol remained
floating on the sample solution. The centrifuge tube was placed in the water and ice bath
for 5 minutes until the solvent turned into a solid. The solidified solvent was transferred
into the micro cell so that the solvent melted inside the cell. The absorption of the complex
was measured at a wavelength of 470 nm (the absorption spectrum is shown in Figure 1).

05 -

0.4 -

Absorbance

a20 470 520 570 620 670
Wavelength(nm)

Figure 1. Absorbance spectrum of molybdenum complex.

Results and discussion

Optimizing all the parameters affecting the performance of DLLME-SFOD was
investigated in aqueous samples. For this purpose, various parameters that had an effect
on the extraction process and complex formation such as pH, the concentration of the
reagent, volume of undecanol, and extraction time were investigated.

Analytical parameters

A calibration curve was obtained under optimal conditions. This calibration curve was
linear in the concentration range of 12 to 100 ng/ml of molybdenum and its equation was
A=0.0054C+0.0753 with a correlation coefficient (R?) of 0.9986, where A is the measured
absorbance and C is the Molybdenum ion concentration (ng/ml). The limit of detection
(LOD) based on 3Sp/m was calculated to be 3.8 ng/ml, where Sp is the standard deviation
of 10 replicates of blank signals after extraction and m is the slope of the linear dynamic
range of this study. The relative standard deviation for 5 repetitions of the measurement in
samples with a concentration of 30 ng/ml of molybdenum ion was calculated as 3.3%.

Conclusion

In this research, a new method based on dispersed liquid-liquid microextraction based
on solidification of floating organic drop before measurement with UV-visible
spectrometer was developed for pre-concentration and determination of molybdenum at
low levels. The absorbance of the complex was measured at a wavelength of 470 nm.
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Several important related parameters such as the volume of 1-undecanol and acetone, the
concentration of hydrochloric acid, and extraction time were investigated. Under optimal
performance conditions, the calibration curve was determined in the linear region with a
concentration of 0.12 to 0.100 ng/ml of molybdenum. The detection limit of the method
was 3.8 ng/ml. The relative standard deviation of the method was equal to 3.3% for five
replicates of analysis. The proposed method was successfully used to determine
molybdenum in tap and well water samples with recovery in the range of 95-103%. This
method has such advantages as being convenient, fast, sensitive, cheap, environmentally
friendly solvent and using a very small volume of organic solvents.
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