September 2008

Inorganic

Trade Science Ine.

Volume 3 Issue 3

CHEMISTRY
A Tndéian Yournal

— Fufl Peper

ICAIJ, 3(3), 2008 [175-181]

Spectrophotometric studiesof thereaction between 3-(2-hydr oxy-4 and
5-substituted-1-phenylazo)-1,2,4-triazolesand manganese(l 1) and its
applicationsfor microdeter mination of manganese(l1) inreal samples

Abdalla M.Khedr*, Mohamed Gaber
Chemistry Department, Faculty of Science, Tanta Univer sity, Fax: +20 40 3350804, P.O. Box-31527, Tanta, (EGYPT)
E-mail: abkhedr2001@yahoo.com.

Received: 8"May, 2008 ; Accepted: 13" May, 2008

ABSTRACT

Manganese(11) reactswith 3-(2-hydroxy-4 and 5-substituted-1-phenylazo)-
1,2,4-triazoles to produce a purple violet chelates in agueous media con-
taining 40 % (v/v) methanol. Thearticleincluded an extensive study of the
optimum conditionsthat are essentia for the spectrophotometric determi-
nation of trace amounts of manganese(l1) based on its chelates formation
with the azodyes under interest. The molecular structures of the formed
complexes were found to be 1:1 and 1:2 (Mn?:HL). The colored dye-
manganese compl exes showed absorption maximaat 510, 535, 460, 480,
520, and 500 nm. Beer’s law is valid over manganese(IT) concentrations up
27.47,71.42,54.94, 54.94, 54.94 and 49.44 ug of Mn(l1) per 20 ml, withmolar
absorptivities of 3.98x10% 1.57x10% 0.20x10% 0.10x10% 0.10x10* and
0.53x10*I mol~' cm™ using HL*-HLS, respectively. A notabl e advantage of
the investigated method is that the determination of Mn(l1) is possiblein
the presence of many cations and anions. The method has been applied to
the determination of manganese in pharmaceutical formulationswith reli-
ableanalytical results. Some solid complexes were prepared and subjected
to different spectroscopic and analytical techniques as well as thermal
analysisin order to investigate the mode of interaction between the azo
compounds and Mn(1l) ion. © 2008 Trade Sciencelnc. - INDIA
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INTRODUCTION

However asurplus of manganeseinabiological
system may damage the nervous system, manganeseis
abiologicaly important microe ement. Many biologica
processes, for examplephotosynthes's, respiration, and
transport of substancesin plantstake placewith the
participation of manganese. The methodsusua ly used
for manganese determination are based on oxidation of
Mn(I1) toMn(V11) by heating in presence of oxidizing
agentsfollowed by the spectrophotmetric detection of

permanganate anion. For spectrophotometric determi-
nati on of manganese both inorganic!¥ and organic'2?
reagents have been used. These methodsbased onthe
color reaction between manganese and organic com-
plex-forming reagents aremore advantageous. But the
known existing methodsare often complicated and re-
quire oxidation and heating™, invol ve creating exact
reaction conditions, and arefrequently characterized
by poor sensitivity. Therefore, thereisneed to devel op
new anaytical proceduresfor manganese determina
tion which do not have these disadvantages. Recently,
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SCHEME 1: Thegeneral structure of theinvestigated
azodyes

heterocyclic azodyes have been utilized asindicators
for the spectrophotmetric and chelatometric determi-
nation of metal iong*+4.

The present study describesand discusthe possi-
bilities of applying some azo derivativesof 3-amino-
1,2 ,4-triazolefor the spectrophotometric determination
of manganese(I1) indifferent real samples(SCHEME
1). Theoptimum reaction conditionsand other analyti-
cd parametersareevauated. Thedatistica andysisof
the obtained resultsindicatesthat themethod isprecise
and accurate.

EXPERIMENTAL METHODS

A.Material and solutions

3-Amino-1,2 4-triazol e azo derivativesHL!*-HL®
(SCHEME 1) were obtai ned using thediazonium salt
of 3-amino-1,2,4-triazole prepared by dissolvingitin
hydrochloric acid, cooling to 0-5°C, and adding an
equivaent amount of ice-cooled sodium nitritesolution
withvigorousdirring, then, couplingtheformed dizonium
sat withthedifferent substituted phenolsaccording to
themethod given beford ™. Theformed precipitatewere
filtered off and recrystallized from the appropriate sol-
vent then the purity of each derivativewas checked by
different andytica techniques.

All solutionswereprepared from high-purity chemi-
cals, solvents and de-ionized water. The 10° M solu-
tion of azodyes was prepared by dissolving their ap-
propriateweightsin methanol. The 10*M Mn?*-solu-
tion was prepared by dissolving the cal culated amount
of manganese acetate in dei onized water with subse-
guent standardi zation by the recommended method!®!.
The Britton buffer solutionswere prepared as previ-
ously described*,

B. Equipments
Absorption messurementsweremadeon aShimadzu

Uv-Vis 240 recording spectrophotometer usng 10-mm
matched quartez cellswith dit width 1 cm. The pH of
thesolutionswas measured using adigital ORION pH-
meter model 201 of sensitivity +£0.02 pH unit. Thed-
ementa anaysisof the prepared solid complexeswere
determined at themicroandytica unite, TantaUniver-
sity, Tanta, Egypt. Conductivity measurementswere
measured at 25°C using aconductance bridge of the
type 523 conductometer. A Perkin Elmer 1430 spec-
trophotometer was used for recording the IR spectra
of thesolid Mn(I1)-complexeswith HL! and HL® over
the4000-200cm* range as K Br discs. Thethermogravi
metric analysis(TGA) were performed usingthe TG
50-thermogravimetric andyzer (Shimadzu) intherange
25°C up to 800°C with 10°C/min heating rate using
nitrogen asan aimosphere.

C. Recommended procedures

To an aiquot of the solution containing no more
than 71.42ug of Mn(l) in 10 ml caibrated flask, 5 ml
of Brittonuniversd buffer of therecommended pH vaue
and 3ml 1x103M of ligand solution wereadded. The
contentswere shacked, the solution wasdiluted to the
mark with de-ionized water and the absorbance of the
chelaeswasmeasured a thesuitablewave ength against
areagent blank prepared under identical conditions.

2.4. Preparation of solid Mn(I1)-complexeswith
azodyesHL*and HL®

The solid complexesof Mn(I1) withHL* and HL®
were prepared by mixing equimolecular ethanolic solu-
tionsof azodyes and manganese acetate. The mixture
was then refluxed on awater bath for ~8 Hrs., and
allowed to cool whereby the solid complexes sepa-
rated. Theformed precipitate wasfiltered off, washed
with ethanol and dried in vacuum over silicagel then
subjected todifferent anaytica techniques.

RESULTSAND DISCUSSION

The optimum conditionsfor the spectrophotomet-
ric determination of Mn(l1) ionsresulted from acareful
investigation of al factorsinvolvedinthe procedureas
thefollowings,

A. Effect of timeand temperature
It was found that the color of the complexesare
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completely devel oped spontenously and remain con-
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Figurel: Thedectronicabsor ption spectraof HL?(a) and
itsMn(l1) complex (b) in aqueousbuffer solution of pH=11
containing 40% methanol
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Figure2: Absorbance-pH curvesof Mn(I1) complexeswith
HLYA=510nnm] and HL2[A=535nm]
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stant for about 12 h, after which they suffer aslight
decreasein absorbance; the origina vauemay bere-
tained by shaking. Thiswasachieved by measuringthe
absorbance of somesamplesat different timeintervals.
It wasa so found that raising thetemperatureto 50 has
no effect on the absorbance of al complexes, whereas
boiling destroystheformed complexes.

B. Effect of buffer and pH

TheBritton universal buffer wasthemost suitable
mediafor devel oping the deep violet color of Mn(l1)-
complexesamong thosetested borate and acetate buff-
ers. Measurements have shown that the pH at which
the maximum complex formation occurs dependson
theligand used. The maximum absorbance (A, ) and
theoptimum pH vauesaregiveninTABLE 1. Theab-
sorption spectraof theligandsand their Mn(11)-com-
plexes (Figurel) indicatethat thevisible absorption
bands of thefreeligandsare bathochromically shifted
(i.eshifted to longer wavel engths) in the presence of
the Mn(I1) ionswhere the absorption of the azodyes
arenegligibleduetoincreased delocdlization of thedec-
tronson complexation leading to adecreasein theen-
ergy gap between the ground and excited statesel.
Hence, the absorbance of the complexeswasmeasured
at thesewavel engthsin further experiments.

The complexesformation start at pH 2.0 and in-
crease up to adefinite pH values (TABLE 1) asevi-
denced by increasein absorbance (Figure 2) whichmay
be attributed to decreased acidity of the medium and
enhanced ionization of theactive protonsof theazodye

TABLE 1: Thespectrophotometricanalytical characterigicsof Mn(l1)-chelateswith HL-HL®

Ligand pH ML AG* £x10* C.C. Beer’supto  L.0.Q x 10°

(Substituent)  (App) Ratio -9 (SS) (SD)) (RR)  (L.O.Dx 109
HL 120 11 384 2212 39797  0.99997 2747 05
(MOH) 10 12 771 4442 (0.0014) (0.00093) (2.75-16.48) (L5)
HL2 110 11 374 2155 16024  0.9999 71.42 10
(p.CH ) (535) 12 809 4664  (0.0038) (0.00091) (5.49-32.96) (3.0)
HL3 90 11 390 2247 02005  0.99992 54.94 10
(p.COOEt)  (460) 12 808 4658  (0.0273) (0.00002) (16.48-54.94) (3.0)
HL? 60 11 419 2415 01024  0.99992 54.94 10
(p.COCHs)  (480) 12 871 5021  (0.0543) (0.00003) (16.48-43.95) (3.0)
HL® 100 11 370 2131 01017  0.99998 54.94 10
(p.CHO) (200 12 777 4477  (0.0535) (0.00002) (21.98-54.94) (3.0)
HL® 100 11 29 1693 05334  0.99993 49.44 10
(p.Br) (5000 12 664 3827 (00103 (0.00012) (11.00-49.44) (3.0)

m:

A, isthe suitable wavelength in nm, g: Molar extinction coefficient (I mol* cm™), Log B, : Log stability constant, C.C.. Correlation

coefficient, Beer’s: Beer’s law up to (ug/10 ml), ((AG"): Free energy changes (Kcal mol?), (S.S): Sandell’s sensitivity (pg/cm?),
(R.R.): Ringbom range ((ng/10 ml), L.O.D): Detection limits (mol 1).
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molecule(HL).

This behavior is quite common for complexes
formed by proton displacement from reagent through
the metal ion™°. Also, aconstant absorbance was ob-
tained in addition of upto5 ml of buffer, henceall ex-
perimentswere performed in presence of 5 ml Britton
buffer of therecommended pH vaue.

C. Effect of sequenceof addition and ligand con-
centration

Additionin the segence azodye-metal -buffer was
found to bethe most favorable onefor color develop-
ment of al meanganese chelatesunder interest. With
the addition of 0.1-4.0 ml of 1x10 M of ligand solu-
tion (HL*-HL®), the absorbancewas uncghanged after
addition of morethan 2.5 ml. So determinationswere
carried out with 3.0 ml of 1x10M of ligand solution.

D. Thecomposition, conditional stability constants
and free energy changes of the formed Mn(lI1)-
complexes

The composition of the Mn(I1)-chelates with
azodyesHL-HL® wasinvestigated in thelight of the
Spectroscopic resultsobtained from mol eratio and con-
tinuous variation methods®?3, The Mn?*:HL ratios
werefoundtobel:1and 1:2 intheformed complexes.
Theseresultswere confirmed by thedataobtained from
conductometrictitration. Theconditiond stability con-
stants and free energy changes of theformed Mn(l1)-
complexesare cal cul ated from the results of continu-
ous variation and mole ratio methods and listed in
TABLE 1. Thetabul ated resultsindicate that the sta-
bility of theMn(l1) chelateswith HL*-HL® increasewith
increas ng the number of azodye moleculesattached to
Mn(11) ionand electron donating character of m- and
p-substituent gruops attached to the phenyl moiety.

E. Beer’slaw, sensitivity and statistical Analysis

The chelatesadhered to Beer’s law (Figure 3) up
t027.47,71.42,54.94,54.94, 54.94 and 49.44 ug of
Mn(Il) per 10 ml with a molar absorptivities of
3.98x10% 1.60x10% 0.20x10% 0.10x10% 0.10x10*
and 0.53x10*I mal* cmr?, and aSanddl| sengitivities?!
of 0.0014, 0.0037, 0.0274, 0.0540, 0.0538 and
0.0103 pgcm?using HL-HLS, respectively.

Theregressonandysisof thecdibration grgphsand
other quantitativedatalike detection limitsand thelim-

I3
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Figure 3: Absorbance-concentration plots of Mn(l1)-
HLpH=12and A=510nm] and M n(l1)- HL?[pH=11 and
A=535nm] systems

its of quantification as defined by IUPAC# for the
obtained calibration graphsispresented in TABLE 1.
Theresultsobtained donatethat HL isthemost sensi-
tive chromogenic reagent for the spectrophotometric
determination of Mn(ll) ion.

The precession of the suggested method using HL?
asthebest chromogenic has been evaluated by seven
replicate determinations of standard solution containing
27.47 ugof Mn(11) in 10 ml. Satisfactory resultswere
obtained with avariation cofficient and relative error
equal 0.15% and 0.55%, respectively.

F. Effect of foreign ions

Solutions containing 2.75 mg/l and variousforign
ionswere prepared and the recommended procedure
using HL*asthe best chromogenic reagent for thede-
termination of manganesewascarried out. With arela-
tiveerror of + 5%, the tolerance limits (mg) for various
forignionsareasfollows: of Li*, K*, Na', Ag*, Ca*,
Mg*, B&**, Sr**, NH,*, CH,COO, CO/*, HCO,, CI
, Br, (12); Pb?*, Cd* Hg?", L&, Bi**, Sb*, As*, and
Mo (6); Fe**, Co**, Ni%, Cu?", Zn?* (3). The selec-
tivity of the present methods stemsfrom thefact that
acetic, boric, and phosphoric acids, as constituents of
the buffer used, act as masking agentsfor many cat-
ions.

G. Analysisof manganese content in phar maceu-
tical formulations

One capsul e of the analyzed pharmaceutical for-
mulation wastakenina25ml crucibleand treated with
few dropsof 8 M hydrochloric acid then digested at
500°C. Theresduewasdissolvedin5ml concentrated
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TABLE 2: Spectrophotometric deter mination of manganese
in phar maceutical formulations

Manganese content (mg) R.SD. R.E.
Certified value Using HL® % %
Roya VIT GA 1.000 1.005 0.561 0.500

Supradyn-R® 0.500 0.497 0.600 0.660
R.S.D.%: Relative standard deviation. R.E.%: Relative error, A:
produced by SEDICO parmaceutical CO. 6 October city — Egypt.
8. Produced by rocche consumer health (Worldwide) S.A., isvicre
ile roche mustahzarlari Sanayi, Anonim Sirketi, Levent,
Istanbul - Turkey.

Pharm. formu.

HCI and heated in awater bath for 2 min, thenit was
diluted with 5-10 ml of doubly distilled water and fil-
tered when necessary. The acid concentration in the
filtrate was decreased by repeatabl e dilution and evapo-
ration. Thesolutionwastransferred into a100 ml cali-
brated flask, diluted to the mark with distilled water
and mixedwdl. Into 0.1 ml of thissolution, 3ml (1x10
3M) of HL* (the best chromogenic reagent) and 5 ml
buffer solution of pH=12.0 were added, then the vol-
ume was compl eted to the mark of 10 ml calibrated
flask. The absorbance was measured at 510 nm againest
areagent blank solution prepared in the same manner
for seventimesandtheresultsarelistedin TABLE 2.
Thevery small valuesof therelative standard devia-
tionsand relative errors of the obtained results com-
pared with the certified val uesaregood indication for
the high precession and good accurcy of theinvesti-
gated method.

H. Sructureducidation

In order to investigate the molecul ar structure of
theformed Mn(I1) complexeswith azodyesHL*-HLS,
the solid (1:1) Mn(ll)-complexeswith HL* and HL®
were prepared and subjected to different analytical
methods. The prepared complexeswerefoundto have
the following molecular compositions; [MnL*AcO
(H,0)].4H,0(1) and [MnL°AcO(H,0)].4H,0(2). The
dataof d ementa andysisarein satisfactory agreement
withthose cal culated from the suggested formula. The
complexesarestableto theatmosphereand insoluble
inmost organic solventsbut solublein DMF.

Thelow molar conductancevauesfor 102 M so-
Iution of Mn(I1)-complexesin DMFwhichwerefound
tobe5.69for (1) and 5.76 ohm™ cm? mol - for (2) indi-
cated the non-ionic character of thecomplexesand dso
that the acetateion isins de the coordination sphere of
the metal ionl?®!.

—= Fyll Poper

The bonding of the azodyes HL* and HL® to Mn(l1)

ionswasinvestigated by comparing the IR spectraof

the complexeswith those of the free azodyes which
reved sthefollowing points:

1. The IR spectraof the solid Mn(11)-complexes (1)
and (2) exhibit very broad bandsat 3420 and 3351
cmr?, respectively, can beassigned to v(OH) of the
water molecul esassociated with the complexes. The
presence of | atticewater molecul esin the complexes
makesit isdifficult to consider the behavior of the
v(OH) band of the phenolic OH groups.

2. The v(N=N) bands of HL! and HL® at 1395 and
1405 appeared at 1400 and 1399 cm* in the spec-
traof thecomplexes(1) and (2), respectively. These
shiftsreveal ed the coordination of theazo nitrogens
totheMn(I1) ions.

3. Thebonding of theMn(ll) ionsto the oxygen of the
hydroxy groupsand the azo nitrogensis supported
by the appearance of two new bands at 535, 425
for complex (1) and 581, 430 cm'* for complex (2)
which can beassigned to the v(Mn-O) and v(Mn-
N), respectivelyi?".

4. The complexes contain two bands near 1575 and
1535 cm! corresponding to amonodentate acetate
anion®,

The observed magnetic moment for the Mn(l1)-
complexes amounted to be 5.92 for complex (1) and
5.82 BM for complex (2) at room temperature, are
indicativeof fiveunpaired e ectrons.

The electronic spectraof the Mn(ll) complexes
werestudied asnujol mull andin DMF solutionwithin
therange 200-700 nm. Theshiftsof theband positions
together with thechangein color of the complexescom-
pared withthefreeligandsindicate complex formation.
Thed ectronic absorption spectraof Mn(l1)-complexes
compared withthoseof thefreeligandsexhibit two new
bands at 482 and 558 nm for complex (1) and 487 and
545 nm for complex(2). Thesetwo bands can be as-
signed to 6T1g — 4T2g (G) and 6T1g — 4T1g (G) for d®
systems, respectively. Thepositionof A andtheshape
of thebandsindicate atetrahedral geometry!?= of the
Mn(Il) complexes.

The TGA curvesof theinvestigated Mn(I1)-com-
plexesshow four essentia steps. Thefirst stepwithin
temperaturerange (95-125 °C) isattributed to | oss of
latticewater molecule (% cd.: 13.75and 15.11; found

== [H01jANIC CHEMISTRY
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TABLE 3: Kinetic parameter sof thether mal decomposition stagesof M n(11)-complexes(1) and (2).

ICAIJ, 3(3) September 2008

Compno. Stepno. n r E(kImo™ AH*(kIJmo™) A(SH -AS(kIJKmol?) AG*(kJ mol™)
1 1 0.9749 41.86 39.21 4.9x10° 0.0875 68.04
1 2 1 0.9598 26.00 23.36 3.0x10® 0.0915 59.75
3 0.66 0.8339 22.46 19.81 5.5x10’ 0.1056 70.68
4 1 0.8983 36.36 33.70 4.2x10° 0.0887 89.70
1 1 0.9957 28.91 26.26 3.4x10° 0.0906 57.19
2 2 1 0.9913 46.85 43.18 4.8x10° 0.0903 83.10
3 0  0.9955 50.82 48.18 5.9x10° 0.1222 111.61
4 0 09798 27.39 24.74 3.2x10° 0.0910 88.27
E*: Activation energy, AH": Enthalpy, A: Frequency factor, AS*: Entropy, AG": Free energy, r: Correlation coefficient
_ _ CONCLUSION
H
HzO\ o— XX <\N\/N X Theresultsobtained aboveindicated that the pro-
oM )= e N < posed method ishigh sensitiveand sd ectivefor thespec-
ACO" NN _{wd — trophotometric determination of microgram amountsof
Z/SN @»o/ AN=\ mangane@(_ll)._ltoffgr_sadva_\ntag&sli_k_ere_liability and
N X N/\< reproducibility inadditiontoitssmplicity, instant color
- Hoay - QN’N(l:Z) development and suffersfrom lessinterference. It has
! been successfully gpplied to the determination of man-

SCHEM E 2: Representativestructur esof themodeof bond-
ing for med between M n(l11) ion and theazodyesunder in-
terest. Inwhich X =m-OH (HL"), p-CH,(HL?),p-COC H,
(HL?), p-COCH, (HL*), p-CHO (HL®) and p-Br (HL®)

13.21 and 15.00). The second decomposition step
within temperature range 125-180°C isdueto | oss of
the coordinated water molecules(%cd.: 3.44and 3.78;
found: 3.05and 3.67). Thethird step involvesevolu-
tion of the coordinated acetate groups as acetic acid
moleculesin temperature range 240-280°C (% cal.
11.26 and 12.38; found: 11.43 and 12.00) for com-
plexes(1) and (2), respectively. Thelast stepinvolves
compl ete decomposition of the organic part in two
unseprated stages, evolution of CO,, NH,andH,Oas
bi-products and formation of manganese oxide asafi-
nal product on temperature range 325-500°C. There-
aultsof thermd andysisareagood confirmationfor the
mol ecular formulasuggested based on the data of € -
ementa anaysis.

Thekinetic parameterssuch activation energy (E*),
entha py (AH*), entropy (AS*), and freeenergy (AG*)
of thedecomposition were eval uated graphicaly from
the Coatsa-Redfern equation®l. The calculated vaues
of E*, AH*, AS*, and AG* for the different decom-
position stepsarelistedin TABLE 3. Thenegativeval-
uesof ASindicatethat the activated complexes have
more ordered systemsthan reactants.

ganeseét traceleve in pharmaceutica formulations.
Based on the data obtained from the solid complexes
studies, theMn(Il) ionswould bebonded to each ligand
molecule (HL*-HL?®) by one covalent bond with the
phenolic oxygenin theortho-positionto the azo group
by proton displacement and one coordination bond with
the azo nitrogenswhich meansthat the ligands under
study behavesas mono basic bidentateligandstoward
Mn(11) ion (SCHEME 2).
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