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ABSTRACT

KEYWORDS

Novel, facile, sensitive and selective analytical reagent (6E,7E)-N2,N3-bis(3-
methoxybenzylidene) pyridine-2,3-diamine(BM BPD) was synthesized for the
determination of Mn(l1) in various environmental samples with spectrom-
eter. The method was based on chelation of Mn(I1) with (6E,7E)-N?,N3-
big(3-methoxybenzylidene)pyridine-2,3-diamine (BMBPD) at pH 4.5in pres-
ence of acetate buffer in 1:2 ratio(M:L) and obtained a orange colored de-
rivativewith __ of 460 nm. The complex obeysBeer’s law up to 1.1 mg 1*
with an optimum concentration range over 0.15to 1.2 mg IX. Sandell’s sen-
sitivity of the orange color reaction was cal culated to be 0.0012 pg cm?with
molar absorptivity of 5.4 x10*1 mol-* cn. Various optimum conditions such
as effect of pH, reagent concentration, accuracy, precision and reproduc-
ibility for the determination of Mn(I1) in different water systemswereinves-
tigated. The detailed study of various interferences confirmed the high
selectivity of the present method. The developed method was applied suc-
cessfully for the analysis of trace and ultratrace levels of Mn(l1) in various
water systems and the obtained results were also compared with AAS
method. © 2012 Trade Sciencelnc. - INDIA
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INTRODUCTION

Manganeseisamicronutrient aswell ashazardous
element to human system and itstoxicity dependson
thelevd of concentration of metal presentintheliving
systemand environment. It playsvitd roleinbiologica
sysemssuchasformation of anterior pituitary hormone;
productionof Vitanin C & B, whichaffectstheprotein
metabolism, oxidation and hematopoiesis. Moreover,
manganese regul ates many enzymes like phophatase,
arginase and dipeptidase. Manganeseisan important
element which plays significant rolein geochemical
cyclesin sedimentsand thewater columnsunder the

surfacewater systems. Excessive exposureto manga-
nese(usudlyinminesand certainindudtrid plants) causes
toxicity and symptoms such as psychiatric abnormali-
ties, neurologica disordersand “Parkinson” like symp-
tomsisobserved. Therefore, itisnecessary to develop
facile, sengtive, sdlectiveand accurateanaytical meth-
odsfor the determination of manganesein variousenvi-
ronmental matrices.

Severa andytical methodssuch asatomic absorp-
tion spectroscopy!!, electroanalytical techniques?,
spectrofluorimetry™® and spectrophotometert ® were
reported for thedetermination of Mn(ll) in different en-
vironmental samples. Novel oxidative methodswere
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proposed for the quantification of Mn(I1) with potas-
sium periodate and ammonium persulfate using spec-
trophotometer’®®, Numerouskinetic spectrophotomet-
ric methodswere employed for theanaysisof manga
nese by catal ytic effects on the oxidation of dye com-
pounds by using different oxidants® 1%, At present, more
popular catalytic methods 12 for the determination of
Mn(Il) inwater systems have beenfrequently reported.
A new spectrophotometric protocol was developed for
the simultaneous determination of soluble Mn(111),
Mn(ll) and total Mn [sum of soluble Mn(I1l) and
Mn(11)] in sediment porewatersusing awater soluble
meso-substituted porphyrin [a,B,y,0-tetrakis(4-
carboxyphenyl)porphine(T (4-CP)P)]*3!. Spectropho-
tometric methodsare particularly useful dueto smplic-
ity, sengitivity, stability, comparativelow cost and suit-
ability for both automation and field research.

The main objective of the present paper wasto
devel op non-extractive spectrophotometric method for
theandyssof Mn(ll) after complexationwith BMBPD
in acetate buffer medium at pH 4.5. Review of litera-
ture reveals that (6E,7E)-N?N3-bis(3-
methoxybenzylidene) pyridine-2,3-diamine(BMBPD)
synthesized in our laboratory was novel and have not
been reported so far for the determination of Mn(l1).
The present method does not require e aborate cleanup
procedure and extraction step to extract the Mn(11)-
(BMBPD), complex into the organi c solvents, hence
the usage of chloroform and carbon tetrachl oride™ was
avoid which arereported as hazardousto the environ-
ment!®l. Thereforethismethod was eco-friendly tothe
environment.

EXPERIMENTAL

Materialsand appar atus

All reagents used were of andytical reagent grade
and solutionswere prepared with deionized distilled
water unless mentioned. Stock solution of (6E,7E)-
N?,N3-bis(3-methoxybenzylidene) pyridine-2,3-di-
amine (BMBPD) wasprepared by dissolving 0. 7209
indeionized digtilled water and diluted to 100 ml to get
0.003 M solution. Working solution of BMBPD was
prepared by appropriatedilution and the sol utionswere
stablefor several months. A stock solution of manga-
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nese (I1) (1.0 mg mi-t) was prepared by dissol ution of
MnSO,. H,0 and further dilutions as required were
employed. A buffer solution was prepared by adding:
50ml of 0.25M sodium acetate was dissolved in 20ml
of 0.1M acetic acid and pH was adjusted to 4.5 with
0.25M sodium acetate solution and diluted to 100ml in
avolumetricflask. AHITACHI mode U 3400UV VIS
NIR Spectrophotometer with 10 mm stopped glasscells
wasused. An ELICO model Li-129 wasused for al
pH measurements.

Synthesis of (6E,7E)-N?, N3-bis(3-methoxy
benzylidene)pyridine-2,3-diamine (BM BPD)

(6E,7E)-N?2 N3-bis(3-methoxy
benzylidene)pyridine-2,3-diamineg(BMBPD) is not
commercidly available, and was synthes zed according
to themethod described previoudy!*®l. 3-methoxy ben-
zddehyde (3-MBD) (2.72 g) wasdissolvedin 15 ml of
deionized digtilled water and made uptothe100ml in
volumetricflask. 50 ml of thissolution wastransferred
into the 250 ml round bottom flask and the solution
was gtirred continuously in awater bath at 5°Cfor 30
min to under go condensation process. Pure form of
pyridine-2,3-diamine(PDM) dissolvedin methanol (50
ml) wasadded to the condensed reaction mixtureand
resulting solution werestirred at 45-55 °Cfor 3h. Fi-
nally, the reaction mixture was mixed with deionized
distilled water (50 ml) and (6E,7E)-N? N3-bis(3-
methoxybenzylidene)pyridine-2,3-diamine (BMBPD)
precipitated asapa eyelow colored powder. Theyied
was 78.50% and melting point of the product is180—
183 °C. The structure of color forming reagent was

shownin Schemel.
P
0(13 @ Refluxed C{Nic
@ H, 4555°C,3h 7 N=C
CHO H\©

pyridine-2,3-diamine (6E,7E)-N?,N3-bis(3-methoxy
benzylidene) pyridine-2,3-
diamine[BMBPD]

Scheme 1: Synthesisof (6E,7E)-N2,N3-bis(3-methoxy ben-

zylidene) pyridine-2,3-diamine (BM BPD)

Procedure

Analigquot containing not morethan 5.0-200 pg
ml-t of Mn(ll) wastransferred into 25 ml calibrated
flask, 3.0 ml of 0.003 M BMBPD and 5 ml of acetate

OCH;
OCH;

3-
methoxybenzaldehyde
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buffer solution with pH 4.5 solution were added suc-
cessively and the mixturewas diluted up to the mark
with deionized distilled water. The appearance of the
color wasinstantaneous and absorbancewas measured
at 460 nm against reagent blank solution. Thereagent
blank waspreparedinasmilar manner without Mn(11).
All measurementswere carried out at room tempera-
ture. The manganese content in an unknown sample
wasdetermined using acalibration graph.

RESULTSAND DISCUSSION

Under theoptimal experimental condition, theab-
sorption spectraof BMBPD and Mn(l1)~(BMBPD),
complexes(Scheme 2) were scanned. The absorption
maximum of reagent blank (BMBPD) versus reagent
blank was measured at 358 nm, where as Mn(l1)—

H,CO

H— (\:\7H

Il //N-
‘ N N\Mr{+/2/// ‘ N
= -
_ -
N 'N///// \No N
H-C CH

Scheme2: Proposed possible complex structureof Mn(11)-
(BMBPD), togiveorangecolored solution
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Figure1: Absorption spectraof Mn(l1)-(BMBPD), complex
against reagent blank
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(BMBPD), complex gave an absorption peak at 460
nm. Thedifference (bathochromic shift) of thetwo pesks
was 102 nm, and could beobvioudy diginguished. Thus,
the absorption peak at 460 nm was chosen asthe de-
termination of wavelength for Mn(l1)(BMBPD), com-
plex asillustratedin Figure 1.

Effect of pH

pH studieswere carried out on the peak height of
Mn(ll) at various concentrations by fixing 0.03M
BMBPD concentration. The pH of acetate buffer was
changed over arange of 2.0-7.0 and the peak height
were measured for each concentration level of Mn(l1).
At dl concentration levelsof Mn(l1), maximum peak
heights were found between pH 4.0 and 5.0. There-
fore, apH 4.5 for the acetate buffer system was cho-
sen throughout the study asshowninFigure 2.
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Figure?2: Effect of pH onthepeak height for theanalysisof
Mn(l1)
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Figure3: Effect of BM BPD concentration on thepeak height
for theanalysisof Mn(l1)
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Effect of BM BPD concentration on peak height

Theeffect of concentration of BMBPD, onthe pesk
height wasinvestigated at pH 4.5 in an acetate buffer
environment. The concentrationsof BMBPD wasvar-
ied over the range 0.001-0.10 M. Maximum peak
height was obtained at a concentration of 0.03 M
BMBPD as color devel oping reagent for lower con-
centration level of Mn(11) in the sample solution. Fur-
ther increasein BMBPD concentration, dight decrease
inthe peak height was observed. Hence, 0.03 M was
optimized vauefor al further studiesasrepresentedin
Figure3.

Effect of timeand temper atureon peak height

The reaction was instantaneous and Mn(l1)-
(BMBPD), system attained maximum and constant
absorbancejust after thedilutionto volume(25ml in
volumetric flask) at room temperature (32+ 5 °C) and
remained stablefor 36 h.

Analytical parameters

The complex obeys Beer’s law up to 1.1 mg 1
with an optimum concentration range between 0.15to
1.2 mgI*for Mn(Il)-(BMBPD), system. The molar
absorptivity of complex at 460 nm and at pH 4.5 was
caculated as5.40x10* mol-tcm™. Sanddl’s sensitiv-
ity of themethod wasfoundto be 0.0012 pg ml. The
correlaion coefficient (y) for theMn(l1)-(BMBPD), ex-
perimenta datawas0.9997. The composition of the
complex determined using Job’s continuous variation
methodindicatestheformation of 1:2 (M:L) complex.
The stability constants corresponding to Mn(ll)-
(BMBPD), was determined and found to be 6.3x10™
(1:2,M:L).

Calibrationgraph

Theequation of atypical calibrationisp=6.30c+
5.31, r2=10.9995 (p, peak height; c, concentration).
The calibration graph was obtained at the optimum

working conditions: BMBPD concentration 0.03M at
pH 4.50 in acetate buffer medium.

M ethod evaluation

The proposed method wascritically eva uated with
regard to reproducibility, accuracy, and detection limit
for analysisof Mn(ll) invariouswater systems.
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Reproducibility

Totest thereproducibility of present method, four
repetitive analyseseach sasmplewasdone. A %S.D. in
therange 0.40-1.10 was obtained as summarized in
TABLE 3.

Accuracy

The accuracy of the proposed method was evalu-
ated by comparing the results with those obtained by
theAAS method. Theresultsshownin TABLE 3re-
ved sthat the good correl ation between thetwo meth-
odsindicativeof present method dmost sengtivetothat
of AASmethod.

Detection limit

Under optimized conditionsthedetection limit for
determination of Mn(l1) by using present method (sg-
nal to noiseratio =2) was0.90 gl volume of Mn(ll)
ionsolution.

Effect of excipients

Theeffect of excipientswasa so discussed for the
determination of Mn(l1) [0.30 u g) by using the devel-
oped method. The obtained resultsweresummarizedin
TABLE 1. Theresultsstatesthat other ions (excipients)
commonly encountered in samplessolution weretoler-
ated onthewholeinrelatively high concentration. The
sampleandys scan becarried out without usng masking
reagent. Hence, the present method washighly sdectivity
for thedetermination of Mn(Il) invariousweater systems.

Applications

To evaluate the applicability of the proposed
method, it was applied to the determination of Mn(ll)
invariouswater systems.

Determination of Mn(Il)in variouswater systems

Water sampleswere collected from different areas
(AmargaBatteries, Industrial Estate, Reniguntaand
Chandragiri, A.P,India) around Tirupati. The samples
werestored at 0- 5°Cinmetd freepolyethylenebottles.
Water sampleswerefiltered through Whatman filter
paper no. 41 and the clean sol ution was collected into
a100 ml standard flask. The contentswerediluted to
themark with distilled water. 10 ml of thissolutionwas
further diluted to get working solutionfor determination
of Mn(I1) concentration. Spiked water sampleswere
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TABLE 1: Optical characteristicsfor theanalysisof Mn(I1) TABLE 2: Tolerancelimit of excipientsfor thedeter mination

with BM BPD using spectrophotometer of Mn(I1)[0.30 ng] with BMBPD in various water systems
Optical Characterigtics Values using spectr ophotometer
Color Orange Excipients Tolerance Limit(ug)
A [NM] 460 Cu*z 300
Stability 36 h Hg' 300
Beer’s law range [mg 1] 0.15-1.2 Ag 250
o Zn*? 300
Molar absorptivity [| mol™ cm™] 5.4 x10* Ni*2 200
Sandell’s sensitivity [ug cm] 0.0012 P2 300
Regression equation (Y") Fa'd 20
Slope® 0.1671 Ba 50
Intercept” 0.0158 Cr' 50
Correlation coefficient [r] 0.9997 Cd*? 500
Relative standard deviation [%]° 0.585 Ca*” 250
2-
Range of error (95% confidence level) +1.142 P?g 300
Detection limit [g1™] 0.90 W 200
Al* 50
% Error 0.129 2
Mg 50

3Experiments performed under optimized conditions (see text), bY
= ax + b, where x isthe concentration of analytein pg ml, °n = 4.

TABLE 3: Analytical datafor thedetermination of Mn(l1) in variouswater syssemscollected around Tirupati,A.P.,,INDIA.

Co" 10

Present Method ASS Method
Samples Mn(l1) [ng 17]
Added  Found Recovery+SD*® t-Test® F-Test'  Found Recovery+SD°
2 1.0 0.96 96.00+0.53 7.70 2.00 0.97 97.00+0.93
- 0.12 - - - 0.14 -
1.0 0.98 98.00+0.61 254 0.31 0.98 98.00+0.62
- 0.15 - - - 0.15 -
1.0 0.95 95.00+0.40 0.90 1.32 0.96 96.00+0.53
[P 2.0 1.97 98.5+0.69 4.42 0.13 1.96 98.00+0.62
- 0.23 - - - 0.24 -
2.0 1.94 97.00+0.93 5.29 1.05 1.94 97.00+0.93
- 0.27 - - - 0.28 -
2.0 1.99 99.66+1.05 2.47 0.42 2.00 100.00+1.10
e 3.0 2.92 97.33+0.95 3.98 1.83 2.94 98.00+0.61
- 0.10 - - - 0.10 -
3.0 2.99 99.66+1.00 2.99 0.38 2.99 99.66+1.05
- 0.08 - - - 0.09 -
3.0 2.96 98.60+0.71 0.91 1.40 2.97 99.00+0.99

prepared by regular addition of known concentration  centage of recovery of Mn(Il) from different water sys-
of Mn(ll) intothedeionized distilled water anditscon-  tems ranges from 95.00 to 100.00% which is more
centration was measured as per to aforesaid proce- reliableand sensitiveto that of ASS method.

dureand theresultsweretabulated inTABLE 3. The

obtai ned resultswere compared with the A SS meth- CONCLUSIONS
odsintermsof Student’s t-test and F-test. Theana yti-
cal datasummarizedin TABLE 3 suggest that the per- BMBPD wasoneof themost selective reagent for
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the spectrophotometric determination of Mn(l1) ionsin
different water systems. The newly synthesized color
devel oping reagent was more economical and easy to
prepareinaclassca laboratories. Thepresent method
wasfacile, selective, senditiveand rapidtothat of AAS
method. Dueto theformation of stablecomplex [Mn(11)-
(BMBPD),], thisinvestigation made easy to measure
the Mn(ll) concentration in various environmental
samplesand may be extended for theroutineanalysis
incommercia laboratories.
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