
INTRODUCTION

Manganese is an essential trace element for human body,
serving synthesis and activation of several enzymes including
kineases, phosphatases and oxidoreductases. It also plays an
important role in the brain1. However, excessive levels of this
metal are harmful to the body, causing toxicity to the central
nervous, respiratory, cardiac and reproductive systems2.

Various techniques have been utilized for manganese
detection including X-ray fluorescence3, voltammetry4,5,
atomic absorption spectrometry (AAS)6,7 and UV-VIS spectro-
photometry8-10. Atomic absorption spectrometry is a technique
widely used for quantification of manganese, but the apparatus
used is more expensive than UV-VIS spectrophotometry. In
this work, manganese is determined by VIS spectrophoto-
metry, the method has advantages of low-cost, easy available
chemicals and instrumentation, simple and direct application
to real samples.

EXPERIMENTAL

A 722-N spectrophotometer (Shanghai precision &
Scientific instrument Co., Ltd., China) with matched 1 cm glass
cells was used for all the spectrophotometric determination.

All chemicals were of analytical reagent grade and all the
solutions were prepared with doubly distilled water. A
manganese(VII) stock standard solution (ca. 0.1 g L-1) was
prepared by KMnO4 and calibrated by sodium oxalate. Working
standard solutions were prepared by appropriate dilutions when
required. Acid fuchsin solution (0.1 g L-1) and sulphate solution
(0.2 mol L-1) were used.
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Preparation for wine samples: 50 mL of wine samples
were transferred into a 100 mL beaker and then heated to
remove ethanol. The samples were nitrated by heating until
there was no smoke volatilizing with 2 mL of concentrated
sulphuric acid and 2 mL of concentrated nitric acid. After
cooling, the solutions were transferred into a 50 mL volumetric
flask and diluted to the marks with water.

Procedure: A suitable volume of Mn(VII) working
solution was transferred into a 10 mL colorimetric tube with a
glass stopper. Then, 1.5 mL H2SO4 solution and 1.5 mL acid
fuchsin solution were added. The solution was diluted to the
mark with water and kept aside for 10 min at room temperature.
The reagent blank solution which was absence of Mn(VII)
was prepared as above. The absorbance a of the solution was
measured at 550 nm with 1 cm cells by using reagent blank
solution as reference.

RESULTS AND DISCUSSION

Absorption spectra: The absorption spectra of acid
fuchsin and acid fuchsin-Mn(VII) mixture are shown in Fig. 1.
It can be found that the addition of Mn(VII) to acid fuchsin
makes the absorbance decrease and the maximum absorption
wavelength does not change. The maximum absorbance diffe-
rence is located at 550 nm, so the wavelength is selected as
determination wavelength.

Effect of acidity: Sulphate, nitrate and phosphate with
same concentration were used as medium, respectively. The
maximum absorbance occurs in sulphate medium from the
results. The absorbance reach maximum and keep constant at
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Fig. 1. Absorption spectra: 32 mg L-1 acid fuchsin, 1.5 µg mL-1 Mn (VII),
0.03 mol L-1 H2SO4. 1. acid fuchsin against water; 2. acid fuchsin
and Mn(VII) against water

the sulphate concentration range of 0.01-0.03 mol L-1 (Fig. 2).
So 0.03 mol L-1 sulphate was selected as reaction medium.
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Fig. 2. Effect of sulphate concentration: 32 mg L-1 acid fuchsin, 1.5 µg mL-1

Mn(VII)

Effect of acid fuchsin concentration: The effect of acid
fuchsin solution concentration on the absorbance was explored
and the results are shown in Fig. 3. It is obviously from the
data that the absorbance is maximum and steady in the range
of 1.0-2.0 mL. Therefore, 1.5 mL of acid fuchsin solution was
used in this study.

Concentration (mol L )–1

A
b
s
o
rb

a
n
c
e

0

0.1

0.2

0.3

0.4

0.5

0 5 10 15 20 25 30

Fig. 3. Effect of acid fushin concentration: 1.0 µg mL-1 Mn(VII), 0.03 mol
L-1 H2SO4

Effect of reaction time and stabililty: The effect of
reaction time was studied. As shown in Fig. 4, Mn(VII) reacts
completely with acid fuchsin within 7 min at room tempe-
rature. The reaction product remains steady at least 2 h.

Effect of interference: To study the selectivity of the
proposed method, the effect of foreign species on the deter-
mination of 1.5 µg mL-1 Mn(VII) was tested. When the
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Fig. 4. Effect of reaction time: 15 mg·L-1 acid fuchsin,1.0 µg·mL-1 Mn(VII),
0.03 mol·L-1 H2SO4

relative error is within ± 5 %, the allowable amounts of foreign
ions are shown in Table-1.

TABLE-1 
EFFECT OF FOREIGN IONS 

Foreign ions Allowable amount (mg mL-1) 
Na+, K+, NH4

+, Ag+ 0.5 
Mg2+, Al3+, Ca2+, Co2+, Ni2+, Fe2+ 5.0 
Cr3+ 2.0 
Cl–, SO4

2-, NO3
– 3.0 

 
Working curve: A series of Mn(VII) standard solutions

with different concentration were prepared and the absorbance
of these solutions were measured. The working curve is shown
in Fig. 5. The results show that Beer's law is obeyed in the
range of 0-1.5 µg mL-1 for Mn(VII). The linear regression
equation was A = 0.0458C - 0.0034 with the regression coeffi-
cient γ = 0.9993.

Concentration (µg/mL)

A
b

s
o

rb
a

n
c
e

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0 5 10 15

Fig. 5. Working curve: 15 mg L-1 acid fuchsin, 0.03 mol L-1 H2SO4

Application: To investigate the application of the
proposed method, it was applied to the determination of total
manganese in several kinds of wine. 2.0 mL of sample solution
was transferred to a 10 mL colorimetric tube and then 1.5 mL
of 1.0 mol L-1 H2SO4 and 1.5 mL of 1.0 mol L-1 H3PO4 were
added. After diluted the solution to ca. 8 mL, 5.0 g of sodium
bismuthate was added and heated in boiling water bath for 10
min to oxidate Mn(II) to Mn(VII). The cooling solution was
filtered and filtrate was used to analysis by this method and
atomic absorption spectrometry. The standard addition
recovery experiments were also made. The analysis results
were shown in Table-2.
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TABLE-2 
ANALYTICAL RESULTS OF SAMPLES AND RECOVERY (n = 7) 

Manganese concentration in sample (mg/L) 
Sample Found (µg) RSD (%) 

This method AAS 
Added (µg) Recoved (µg) Recovery (%) 

Beer 1 1.37 2.12 0.69 0.68 1.50 1.48 98.7 
Beer 2 1.64 1.43 0.82 0.84 1.50 1.53 102.0 
Liquor 1 1.01 1.87 0.51 0.53 1.00 0.98 98.0 
Liquor 2 2.12 0.98 1.06 1.03 2.00 1.99 99.5 
Grape wine 1 0.85 1.52 0.43 0.47 1.00 1.01 101.0 
Grape wine 2 0.52 2.10 0.26 0.25 1.50 1.51 100.7 

 
Conclusion

A spectrophotometric method for the determination of
manganese based on the oxidability of Mn(VII) was devel-
oped. The method was used for the determination of manga-
nese in several kinds of wine. The results show that the method
is easy, rapid and inexpensive.
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