This article was downloaded by:

On: 18 January 2011

Access details: Access Details: Free Access

Publisher Taylor & Francis

Informa Ltd Registered in England and Wales Registered Number: 1072954 Registered office: Mortimer House, 37-
41 Mortimer Street, London W1T 3JH, UK

-“"“""'-'f_""-'i: _m International Journal of Environmental Analytical Chemistry

Publication details, including instructions for authors and subscription information:
http://www.informaworld.com/smpp/title~content=t713640455
International Journal of

ENVIRONMENTAL . . . S
ANALYTICAL Solid Phase Spectrophotometric Microdetermination of Manganese

A. Molina-diaz?; J. J. Vida-sagrista®; M. L. Pascual-reguera®; L. F. Capitan-vallvey®
ﬂ‘mrl meac | °Department of Analytical Chemistry, Faculty of Experimental Sciences, University of Granada, Jaen,

Prcesings ot the 8% Werksbmp a0 Spain ® Department of Analytical Chemistry, Faculty of Sciences, University of Granada, Granada,
Ervirosmaental snd Cleicsl Anshysia Spain

EMEA, Boma, fealy, 813 Octadar 2004
Gasat Bditar Rabesis Pillaten
Parl 2: Ersernrsenial e Foed Applic sliee

@ Tanhor & Francis

To cite this Article Molina-diaz, A. , Vida-sagrista, J. J. , Pascual-reguera, M. 1. and Capitan-vallvey, L. F.(1991) 'Solid Phase
Spectrophotometric Microdetermination of Manganese', International Journal of Environmental Analytical Chemistry,
45: 4,219 — 228

To link to this Article: DOI: 10.1080/03067319108027387
URL: http://dx.doi.org/10.1080/03067319108027387

PLEASE SCROLL DOWN FOR ARTICLE

Full terms and conditions of use: http://ww.informworld. confterns-and-conditions-of-access. pdf

This article may be used for research, teaching and private study purposes. Any substantial or
systematic reproduction, re-distribution, re-selling, |oan or sub-licensing, systematic supply or
distribution in any formto anyone is expressly forbidden.

The publisher does not give any warranty express or inplied or make any representation that the contents
will be conplete or accurate or up to date. The accuracy of any instructions, formul ae and drug doses
shoul d be independently verified with primary sources. The publisher shall not be liable for any |oss,
actions, clainms, proceedings, demand or costs or damages whatsoever or howsoever caused arising directly
or indirectly in connection with or arising out of the use of this material.



http://www.informaworld.com/smpp/title~content=t713640455
http://dx.doi.org/10.1080/03067319108027387
http://www.informaworld.com/terms-and-conditions-of-access.pdf

15:52 18 January 2011

Downl oaded At:

Intern. J. Environ. Anal. Chem., Vol. 45, pp. 219-228 © 1991 Gordon and Breach Science Publishers S.A.
Reprints available directly from the publisher Printed in the United Kingdom
Photocopying permitted by license only

SOLID PHASE SPECTROPHOTOMETRIC
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A method for the determination of microgram per litre level of manganese has been developed, based on
Solid-Phase Spectrophotometry (SPS). Manganese reacts with 3-bromobenzohydroxamic acid to form a
1:3 anionic brown-reddish complex of Mn(IlI), which is fixed on a dextran-type anion-exchange resin.
Resin phase absorbance is measured directly and allows the determination of manganese in the range
5-100 pug 17!, with a RSD of 4%. The method has been applied to the determination of manganese in
different samples, namely plant tissue extracts, active charcoals and waters.

KEY WORDS: Solid Phase Spectrophotometry, manganese, water, charcoal, plant tissues.

INTRODUCTION

Solid Phase Spectrophotometry (SPS) is a technique based on the pre-concentration
of the species of interest on a solid, aided by complexing (or other reagents) and the
subsequent measurement of the absorbance of the species in the solid phase’.

The reaction between Mn(Il) and hydroxamic acids has been studied by several
authors both in aqueous solution®~* and extraction, as well as in neutral complexes
using alcohols as solvents®, and in charged complexes extracted as ionic-pairs in
apolar solvents®7-1%. All complexes however share a common characteristic: prior
oxidation to Mn(IIl) before complexation.

The red-wind complex originated by 3-bromobenzyohydroxamic acid with Mn(II)
in basic medium is fixed on an anionic resin, providing the basis (in combination
with SPS technique) of a method for the determination of microgram per litre levels
of manganese.
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EXPERIMENTAL SECTION

Reagents

All chemicals used were of analytical grade and the water was doubly-distilled.
3-Bromobenzohydroxamic acid (3BrBHA) was synthesized by the authors® and
water solutions were prepared by addition of the stoichiometric amount of NaOH.

Ion Exchanger. QAE Sephadex A-25 (chloride form) anion exchange resin was used
inforiginal dry state, as obtained from the supplier, in order to avoid contamination.

Manganese stock solution. 'Work solutions (1000 mgl~ ') were obtained by dilution
with doubly-distilled water.

Buffer solution ammonia/ ammonium chloride (pH = 10.3). It was prepared by dissol-
ving 1.4712 g of analytical grade NH,Cl in 1000 ml of doubly-distilled water contain-
ing 40 ml of concentrated NH.

Apparatus

A Spectronic 2000 Bausch & Lomb spectrophotometer with glass cells (1-mm optical
path length) was employed for all spectral measurements. All pH measurements were
made using a Crison 2002 pH-meter fitted with a glass-saturated calomel electrode
assembly and a temperature sounder. An Agitaser 2000 rotating bottle agitator was
also used.

Absorbance measurements

The absorbance of the complex species sorbed on the resin was measured in a 1-mm
cell at 470 nm and 750 nm against a 1-mm cell well packed with resin equilibrated
with blank solution. The net absorbance (A4,) for the complex was obtained by:
Ao = Agro — A7501-

Procedure

To an appropriate volume of sample containing 0.18-9.10 umol 1™ of manganese
(10-500 ug 17 1Y), 12ml of 2.0 x 107> M 3BrBHA solution and 10ml of pH 10.3
ammonium chloride/ammonia buffer solution were added, levelling off to 250 ml.
The solution was transferred together with 60 mg of Sephadex QAE A-25 resin to a
1-1 polyethylene bottle and the mixture was shaken mechanically for 40 min. The
resin beads were subsequently collected by filtration under suction, with the aid of
a pipette, and packed into a 1-mm cell together with a small volume of the solution.
A blank soltion containing all reagents except manganese was prepared and treated
in the same manner. '
For 500 ml samples (placed in a 1-1 polyethylene bottle) containing 0.09-3.64
umol 17! (5-200 ug 17 !) of Mn(II), 17 ml of 2.0 x 10~3 M 3BrBHA solution, 20 ml
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of pH 10.3 ammonia buffer solution, and 60 mg of Sephadex QAE A-25 resin
were added. The mixture was shaken mechanically for 80 min, as indicated in the
above procedure.

For 1000 ml samples (placed in a 2-1 container) containing 0.09-1.82 ymol 1 !
(5-100 ug 171) of Mn(II), 30 ml of 2.0 x 1073 M 3BrBHA solution, 40 ml of pH
10.3 ammonia buffer solution, and 60 mg of Sephadex QAE A-25 resin were added.
The stirring time was increased to 150 min, following the same procedure as indicated
above.

Treatment of samples

Water. Natural water was preserved with conc. HNOj; (0.25 ml 1,000 ml1 ™), filtered
through a 0.45-um membrane filter paper (Millipore) and collected in a polyethylene
container carefully cleaned with nitric acid). The samples were stored at 4°C until
analysis. Analyses were performed with the least possible delay. The usual general
precautions were taken to avoid contamination®.

Activated charcoal. A suitable weight (about 1.5 g) of activated charcoal was treated
with 60 ml of 2% trichloroacetic acid solution during two hours. The charcoal is
filtered off through Whatman no. 42 paper. The manganese is determined on a 5 ml
aliquot, as described in the 250 ml procedure.

Plant tissue extracts. The sample (olive leaves) is collected according to Recalde et
al.'° and prepared as described by Lachica'’. About 2 g of powdered sample (weighed
exactly) are treated with 60 ml of 2% trichloracetic acid solution and 1.5 g of activated
carbon and shaken for 16 hours!2. The filtrate is analyzed as described in the general
procedure.

Distribution measurements

3-Bromobenzohydroxamic acid, buffer solution and 100 mg of Sephadex QAE C-25
resin were added to a 250 mi water sample containing 3.19 umole of Mn(II). After
40 min equilibration, the manganese concentration in the resin was determined as
described in the procedure. The equilibrated solution was then treated in the same
way with a further batch of resin (60 mg) and the remaining manganese was measured
as before. The distribution ratio D (mmole of Mn sorbed per kg of resin/mmole of Mn
per dm?® of solution) was calculated from the initial and equilibrium concentrations
in the solution. An average value of (6.7 + 0.5) x 10* was obtained from five replicate
experiments.

RESULTS AND DISCUSSIONS

Absorption spectra in resin Phase

3-Bromobenzohydroxamic acid reacts with manganese ion in basic medium origina-
ting a brown-reddish complex which is sorbed by an anion exchange resin showing
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Figure 1 Influence of pH on colour development in resin phase. [Mn] = 8.4 uM; [3BrBHA] = 8.8 x
107° M; 0.100 g of Sephadex QAE A-25; 250 ml sample. pH adjusted with a) NaOH; b) NH,*/NH,
buffer solution.

a broad absorption peak near 470 nm. The maximum for the complex in solution is
about 490 nm and extracted into Adogen-toluene shows two shoulders around 450
and 530 nm'3. The hydroxamic acid is fixed in the resin but do not absorb in the
visible region.

Optimisation of conditions

pH Dependence. Optimum pH for the formation and fixation of the red-brown
species falls in the range 10-11 (Figure 1). At pH values below 10 absorbance
decreases significantly. At pH values above 11 the resin shows a clear yellow colour;
a behavior very similar to that encountered in solution'?.

Different buffer solutions (HCO;~/CO,?~, HBO,/BO, ™, NH, */NH;) was tested.
The ammonium chloride/ammonia buffer (pH = 10.3) was found to yield the best
results, as the absorbance values showed an 80% increase with respect to other buffers
and a 120% with respect to NaOH (Figure 1). It should be pointed out that the
optimum pH in the solid phase is slightly higher than in solution (pH = 10.2).

Absorbance does not depend on ionic strength, up to concentrations of 5 x
1073 M regulated with the buffer solution. For higher values, absorbance decreases
as usual in SPS studies.
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Figure 2 Stirring time dependence of colour development in resin phase. 1.82 umole of Mn. 0.06 g of
Sephadex QAS A-25. 1. 250 ml of sample; [3BrBHA] = 9.6 x 10~ M. 2. 500 m] of sample; [3BrBHA] =
6.8 x 107 M. 3. 1,000 ml of sample; [3BrBHA] = 6.0 x 1073 M.

3-BrBHA concentration. The absorbance increases together with the 3-BrBHA
concentration, with a plateau occurring from 8.0 x 107> M. The minimum molar
[3-BrBHAJ/[Mn] ratio necessary was 13. Consequently, a 9.6 x 107> M reagent
concentration was chosen for 250 ml. In the same way, for the 500 and 1000 ml the
optimum reagent concentrations were 6.8 x 107°M and 6.0 x 107° M, respec-
tively ([3BrBHA]/[Mn] ratio 19 and 33).

Other experimental conditions. The effect of stirring time on sorption of the complex
on the resin is shown in Figure 2. Optimum stirring times were 40, 80 and 150 min
for 250, 500 and 1000 ml, respectively. Absorbance measurements remained stable
for at least 20 min after equilibration, and later increased about 15% after 60 min.
The best order for adding the reagents was found to be: reagent-manganese-buffer.
Particularly, the maximum absorbance was reached when the buffer solution was
added after the manganese ion. The use of a large amount of resin (m, in g) reduces
absorbance. The absorbance decreases according to the equation log 4, = 0.107 —
1.070m, (r = 0.988). The minimum amount of dry resin yielding the highest absor-
bance and ease of handling is 60 mg.
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Nature of the fixed complex

The stoicheiometry of the fixed complex on Sephadex was established using the molar
ratio!*~'5 and the Asmus'® methods at the working pH. The plot A, vs. [3-
BrBHA]/[Mn] molar ratio, obtained by varying the 3-BrBHA concentration, shows
an inflexion at 3 molar ratio. Moreover, a straight line appears (for the Asmus
method) at 3 n-value (r = 0.988). Results indicated that a 3:1 anionic complex is fixed
on the resin.

The manganese probably acts as a tridentate, as suggested by several authors for
manganese complexes of hydroxamic acids®. In fact, the complex is not formed and
fixed if the reagents are previously deaerated with nitrogen or if hydroxylamine is
added, since manganese oxidation is hindered.

The slope of the plot log D vs pH in the working pH zone, is a straight line of
slope 0.91 in the 9-10 pH range. This suggests the loss of a hydroxamic 3-BrBHA
proton per manganese ion complexed. This implies that from the three 3BrBHA
molecules in the complex, two act in keto form and the third in enol form, a behaviour
already suggested for hydroxamic acids®!7:18),

These results agree with those found in the previous study of this complex in
solution extracted as an ion-pair with Adogen 464 in toluene'?.

ANALYTICAL DATA
The effect of volume on sensitivity

The sensitivity is improved when increasing the sample volume taken for analysis.
This effect may be calculated by measuring the absorbance of resin equilibrated with
different volumes (V) of solutions containing the same concentration of Mn(Il) and
proportional amounts of the other reagents (Figure 3). The experimental data may
be adjusted to the equation 4 = —0.1655 + 1.6707 x 1073V — 4303 x 1077 V?
(standard fit deviation was 4.61 x 107 2). This explains the absorbance tendency
to be independent of the volume at higher volume values.

Calibration and precision

The calibration curves, evaluated by the Ringbom’s method, are linear in the con-
centration ranges: 50400 ug 1 ';25-200 ug1~!and 10-100 ug 1~ ! for 250-, 500- and
1000-ml samples, respectively. The analytical parameters are summarized in Table 1.
The use of a 2 mm cell (using 100 mg of resin) increases the slope of the calibration
curve to 1.158.

Reproducibility

The reproducibility of the proposed method was determined for a manganese
concentration of 400, 150 and 100 ug1~! for 250, 500 and 1000 ml samples, respec-
tively, by performing ten independent determinations. The relative standard devia-
tions (RSDs) were 2.8, 2.1 and 1.9% for 250, 500 and 1000 ml samples, respectively.
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Figure 3 influence of the sample volume on colour development. 1.82 umole of Mn; [3BrBHA] = 9.6 x
107* M; 0.060 g of Sephadex QAE A-25; pH = 10.3 (NH,*/NH; buffer solution); 100 — 2,000 sample

volume; Stirring time = 20 — 310 min.

Table 1 Analytical parameters for SPS manganese determination

Volume sample system

250 mi 500 ml 1000 mi
Intercept —0.006 0.009 0.037
Slope 2.7117 6.140 11914
Linear dynamic range 15-500 10-200 5-100
pgl™!

Correlation coefficient 0.9995 0.9994 0.9952
Detection limit 44 20 1.0

pg 1!
Determination limit 14.7 6.5 34

ug 1!
RDS (%) 28 2.1 1.9
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Table 2 Methods for the spectrophotometric determination of

manganese

Regent Sensitivity Reference
Periodate 41 x10°°% 22-24
Isoftaldihydroxamic a. 27 x 1073 4
Diethyldithiocarbamate 2.6 x 1073 25-28
Formaldoxime 89 x 107¢ 29-30
Nitrobenzeneazocathecol 24 x 107° 31
1-(2-pyridyl)azo-2-naphthol 1.7 x10°¢ 32-35

3-Bromobenzohydroxamic-SPS 20x 1077 present study

The precision of the packing operation was approximately 1.6%'°. Consequently,
the packing of the resin appears to be one of the main factors affecting the
reproducibility. Centrifugation of the resin packed in the cell does not improve
precision.

Sensitivity and detection limit

The sensitivity, expressed as molar absorptivity, of the proposed method is compared
with that of spectrophotometric procedures described in the literature (Table 2). Using
the. SPS method produces a noticeable increase in sensitivity, especially in relation
to the solution methods using the same reagent. In order to compare this increase
in sensitivity, the calibration graph for the determination of manganese with 3-
BrBHA was elaborated!?, under the experimental conditions described in the present
study, but using extraction in toluene- Adogen. The ratio of the slopes SPS
method/extraction method was 71.

In SPS methods, sensitivity can be enhanced by increasing the sample volume to
be analysed. This increase can be calculated, in practice, from the slope of the
calibration curves. The sensitivity ratios for the samples analysed here are:
S1000/500 = 1.78; 8500250 = 1.80 and 8499250 = 3.20, which agree with the expected
values obtained using the D value?°, 1.80, 1.89 and 3.40, respectively.

The standard deviations of the background absorbance for the blanks, necessary
for calculating the IUPAC detection limit (K = 3)?!, measured as the average of ten
determinations and expressed as SD units, were 0.010, 0.004 and 0.004, for the 250,
500 and 1,000 ml samples, respectively.

Effect of foreign ions

A study of the effect of several potentially interferent species on the determination
of manganese, at 250 ugl~! was undertaken following the general procedure for the
250 ml sample system. Tolerance is defined as the interferent concentration that
produces an error smaller than 5% in the determination of the analyte.

The tolerance values for the ions studied are shown in Table 3. Fe(Ill), Mo(VI),
V(V)and Co(lI) interfere in the determination of manganese in this method. However,
the interference level can be reduced by diluting the samples, taking into account the
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Table 3 Effect of foreign ions on the determination
of 250 ug 17! of manganese

Foreign ion Tolerance level
mg ™!
Ca(Il), NO, ™, F~ >100
Ba(Il), SO,2~, 17, Sx(II), CO,42~ 40
Mg(I1) C1- 30
PO,*",Br",CN",C,0,2",BO," 20
Zn(ID) 10
SCN~ 5
Al(IID), Pb(ID) 25
Cu(Il) 1.2
Co(I1), Fe(II1) 0.4
EDTA, Mo(VI), Fe(Il), V(V) <04

sensitivity of the method proposed and the dependence of the sensitivity on the sample
volume.

Analytical applications

The SPS method proposed for manganese has been applied for the manganese
determination in: a) plant tissue extracts, b) activated charcoal and c) natural water
samples.

The determination of manganese in plant tissue extracts (olive leaves) was per-
formed using the direct calibration method, since no matrix effect was observed.
Samples were collected from olive plantations near the city of Jaen (Spain). The leaves
selected were adults taken from totally developed trees. The average value (three
determinations) of the manganese content was found to be 23.5mg 100 g~ ! (RSD
0.072). The AAS result obtained (six determinations) was 23.6 mg 100g~' (RDS
0.013).

On the other hand, the method was applied to the determination of manganese in
commercial active charcoals by the direct calibration method for the 250 ml sample
method. The average values (five determinations) of the manganese found were
64.8 + 1.7 mg 100 g~ ! at active charcoal 1 and 43.4 + 0.7 g 100 g~ ! at active charcoal
2. The AAS results were 65.6 + 1.6 mg 100 g~ ! and 42.8 + 0.6 mg 100 g™ ', respec-
tively.

Finally, the manganese contents in three different water samples (tap water from
the city of Jaen, and mineral water from Ortigosa del Monte (Segovia) and San
Hilario Sacalm (Gerona)), were lower than the detection limit of the method. To
check the accuracy of the proposed method in manganese analysis in water, a recovery
study on the above water samples was conducted. In doing so, a different amount
of Mn(II) was added to a 250-ml sample system (50, 100, 200 and 400 ugl~'), 500 ml
sample system (20, 50, 100 and 200 ugl ') and 1,000-ml sample system (10, 20, 50
and 100 ugl~!) of the three water samples analysed. The average percentages of
recovery, mean of three determinations, were acceptable within the standard condi-
tions established: 99.4, 100.1 and 96.0% for Ortigosa del Monte mineral water (250,
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500 and 1,000 ml, respectively); 92.0, 95.5 and 96.4% for San Hilario Sacalm mineral
water and 88.8, 95.3 and 96.8% for tap water from Jaen.

The analysis of the Mn(II) added to the water samples analysed was conducted
using the calibration curve and the standard addition method. The loss of sensitivity
by matrix effect can be evaluated by the slope’s ratio between the standard and the
standard addition calibration curves. The ratio found was 0.97 for Ortigosa del Monte
water, 0.84 for San Hilario Sacalm water and 2.28 for tap water. Precision (expressed
as RSD) for the SPS method varies between 1 and 6%. The average precision for
the three water samples analysed was 3.3%.

Acknowledgment

This study was funded by the Diputacion Provincial de Jaen and The Direccion General de Universdidades
e Investigacion de la Junta de Andalucia (Spain) (project no. 7/5 and annual grant no. 1066).

References

. K. Yoshimura and H. Waki, Talanta, 32, 345-352 (1985).

D. O. Miller and J. H. Yoe, Talanta, 7, 107-116 (1960).

. F. Salinas, M. Llinas and J. M. Estela, Quim. Anal., 11, 38-44 (1983).

F. Salinas and M. Jimenez-Arrabal, Microchem. J., 31, 113-117 (1985).

W. M. Wise and W. W. Brandt, J. Am. Chem. Soc.. 77, 1058-1065 (1955).

V. Gonzalez-Murcia, PhD. Thesis, University of Granada, 1985.

. F. Salinas and J. March, Quim. Anal., 11, 11-18 (1984).

. M. L. Pascual Reguera, PhD. Thesis, University of Granada, 1987.

. American Public Health Association. American Water Works Association and Water Pollution
Control Federation. ““Standard Methods for the Examination of Water and Wastewater”, 15™ ed.,
A.P.H.A.,, Washington D.C,, 1981,

10. L. Recalde, E. Esteban, Agrochim., 10, 371-385 (1966).

11. M. Lachica, Agrochim., 11, 132-139 (1967).

12. G. E. Leggett and D. T. Westermann, J. Agr. Food. Chem., 21, 65-69 (1973).

13. L. F. Capitan-Vallvey, A. Molina-Diaz and M. 1. Pascual Reguera, Analusis, in press.

14. J. H. Yoe and A. L. Jones, Ind. Eng. Chem. Anal. Ed., 16, 111-115 (1944).

15. J. H. Yoe and A. E. Harvey, J. Am. Chem. Soc., 70, 648-654 (1948).

16. H. Asmus, Z. Anal. Chem., 178, 104-116 (1960).

17. A. Rodriguez Fernandez-Alba, PhD. Thesis, University of Granada, 1987.

18. J. J. Vida-Sagrista, Tesis de Licenciatura, University of Granada, 1989.

19. F. Capitan, E. Manzano, A. Navalon, J. L. Vilchez and L. F. Capitan-Vallvey, Analyst, 114, 969-973

(1989).

20. K. Yoshimura and S. Ohashi, Talanta, 25, 103-107 (1978).

21. IUPAC, Pure Appl. Chem., 108, 45, 1976.

22. 1. D. H. Strikland and G. Spicer, Anal. Chim. Acta, 3, 517-542 (1949).

23. G. Gottschalk, Z. Anal. Chem., 212, 303-305 (1965).

24. V. 1. Lazareva, A. I. Lazarev and 1. P. Kharlamov, Zavodsk. Lab., 54, 193-198 (1979).

25. H. Specker and H. Hartkamp, Z. Anal. Chem., 148, 260-266 (1955).

26. S. Meyer and O. G. Koch, Mikrochim. Acta, 744-750 (1958).

27. W. B. Healey, Anal. Chim. Acta, 34, 238-240 (1966).

28. F. Dittel, Z. Anal. Chem., 228, 412-217 (1967).

29. Z. Marczenko, “Separation and Spectrophotometric Determination of Elements™ (Ellis & Horwood

Ltd., Chichester. 1986), pp. 364 ss.

30. K. Goto, T. Komatsu and T. Furukawa, Anal. Chim. Acta, 27, 331-334 (1962).

31. S. A. Zeinalova, 1. K. Guseinov and N. Kh. Rustamov, Zh. Analit. Khim., 38, 241-246 (1983).

32. S. Shibata, Anal. Chim. Acta, 23, 367-369 (1960).

33. S. Shibata, Anal. Chim. Acta, 25, 348-359 (1961).

34. D. Betteridge, Q. Fernando and H. Fraiser, Anal. Chem., 35, 294-301 (1963).

35. E. N. Pollock and L. P. Zopatti, Anal. Chim. Acta, 28, 68-77 (1963).

N N e



