DDIS BABL URIVERSITY
SCHOOL OF GiADULTE STUDIES

STUDIES ON N'=HYDROXY-N',N°~DIPHENYLEENZAMIDINE
.’-’."d".— e
COMPLZES BY SOLVENT EXWRACTION ANPD SPECTROPHOTOMELRY

/. Thesis

Presented to
The School of Graduate Studies

Addis Ababa University

In Partial Tulfillment

of the Reguircments for the Begree of

Master of Science in Chemistry

by

ichenc Ayele

June, 1989 |



ADDIS ABABA UNIVERSITY

SCHOOL OF GRADUATE STUDIES

1_gyproxy-n!,n2-

STUDIES ON MANGANESE-N
DIPHENYLBENZAMIDINE COMPLEXES BY SOLVENT

EXTRACTION AND SPECTROPHOTOMETRY

by
Dejene Ayele
Chemistry Department

Science Faculty

Approved by:

Dr. B.S. Chandravanshi

Advisor

Dr. I. Blazys

Examiner

Ato Ghirma Moges

Examiner =

Dr. B. Hundhammer

Examiner

Prof. M.F. Iskander

External Examiner




o my parents
and
4%o Tesgaye Mengistu, /o Romanwork

Eshetu and their children



scknowledgements
List of tables
List of fisures
Lbstract

1. Introduction

1.1 Qeccurenc

~iiie

CONTENTS

¢ and npplication of manganese

1.2 The chemistry of manganese

Te2ua
1:2:20
FuleBa
1.2.4.

1.3. Reagents used for spetrophotometric de-

Mangonese(IT)
Manganese(III)
Manganese(IV) and (V)
Mangancse(VI) and (VII)

termination of mancanesa

Tolhe Nq—Hydroxy-Nq,Ha-diarylbenzamidines

as anal

1.5, Aim 'of

ytical reagents

the present study

2. Theoretical Backsround

2.1. BSolvent

2.1 -1.

2.2. Opectro

2.2.1. ‘ccuracy and precision of a pho-

2.2.2. Sensitivity and limit of deter-

extraction

Solvent extraction of metal

chelates

photometry
tometric determination

mination

v v FF

10

12

17
20

27

29

30



3.

iv

Ze2s3e Lpectrophotometric methods for

determination of composition of
metal complexcs
2+243e1. Method of continuous variztions
2eZe%e2s Mol=Ratio method
2e2e3e3. Lxtraction method

Dxperimentnl
3.7 Xqguipments
3.2. Reagents and solutions
%¢3s Preparation of sample solutions
3.3¢1. Tea powder
5¢3.2. Steel, Bronze, Manganin and
ferromangzonese samples
3¢t Procedurecs
.44, Standardization of manganese
solutions
3.4.2. ‘nalitative tests for oxidation
state of manganese
3elhe?e Deternination of Mn(II) from
agqueous ethanol medium
344, Determination of IMn(II) from aque-
nus ethanol medium in presence
of K28208
3elhe54 Determination of Mn(VII) from
acucous ethanol medium
24,6, Determination of Mn(VII)
by 8olvent extraction "
3.4.7.8tuding the effect of variables
Z.4.8, Tests for complete extraction
of manganese
3449+ Determination of the composition
of the complexes
344410, Gtudy of the effect of foreign
ions
Felbe11s Oxidation of Mn(II) with KIOu
34,12, Determination of Mn(VII) in
sample by solvent extraction
Z.,4.13, Determination of Mn(VII) by AAS

A2
32
AL
34

36

38

39

40

40

40

41

u2

45

& &

47
4n



4,

5.

vr

Results and Discussion

4.1 Reaction conditions and absorption spectra

4.2 Effects of experimental variables

4.,% Test for complete extraction

4.4 Composition of the complexes

4.5 Photometric of the characteristics

4,6 Effect of foreigh ions

4.7 Application

4.8 Comparison with other spectrophotometric
methods

Conclusion

References

75
73

78
82

83



ACKNOWLEDGEMEN B

I am most pgrateful toc my advisor Dr. 3.S. Cha-
ndravanshi for his devoted, consistent and encouraging

guidance throughout the research work .

I wish to express my hert felt thanks to Ato
Assefa Bejigo for his devoted help in typing this thesis
and his encouragement durin:, the research work, Ato
Tarekegne Assefa for this pgenerous moral and material su-
pport, W/t Hirut ‘bera for her direct help in the reseerch
work sparing her week-ends and all the moral support I
received from her, W/t Hirut Tad:sse for her uhelp in
typing the progress report and the thesiz, ito Gebray
sgedom for his encouraging nssiscance at the begining
of The research work, Ato Sisay insida for analyzing the
samples by AAS, ALto ‘bate Demissie for printing the title
on the front cover, /,to l'adesse J/ondimu for his help in
petting the laboratory atmosphere condusive and sharing
all the troubles. I would like to extend my appreciation
to Dr. Kalies for his vital suggestions to the success of
the research . T would also like to evpress my thanks to
Ao 'dmassu Belay, ‘to iMesele Tilahun, Ato Sahlemichael,
/o Nigatwa Tadesce, 1/t Kebebush Gebeyehu for their 5
sinccre cooperation. Thanks arc also debt to all my brothers,
sisters and friends who have been encouraging me during the
work. ILast but not least I would like to acknowledge the

the Commision for Higher Rducation Tor sponcering me for the

M. Sc. program



7.

%e

10,

s

12

vii
LIST OF T4AaBLES

Effect of pH on Mn(II1)-HDPBL aqueous
ethanol SYSTEell ¢ sswies oawsi suiness e LI

Effect of pH on NnOZ-HDPBA aqueous eth-
anol and extraction systenSeecceccesceses

Effect of HDPBA' on Mn(II)-HDPBA aqueous
ethanol SYstem ececscsseescssosssssssessss
Effect of HDPBA on MnOZ -HDPBi aqueous
ethanol and extraction systemSeeccceccsccss
Effect of time on the color development
and stability of the complex in the
Mn(II)-HDPBA aqueous ethanol system in the
presence and absence of K28208..........

Effect of time on the stability of the com=: >=

plex in the Mn(VII)-HDPB4 aqueous ethanol and
extraction systenSecececcoccsssssccsscasns .o
Effect of the amount of ethanol, in the sol-
ution, on Mn(II)-HDFBL and MnQ,~HDFBL aque=t’
ous ethanol systems.

Effect of aqueous to organic phase volume
ratio on the MnOZ—HDPBu extraotiofaces oo
Effect of temperature on complex format-

ion in Mn(II)-HDFBA and MnOZ-HDPB& aqueous
ethanol systems and on the degree of extra-
ction of MnOZ—HDPBA gystelesesvsamanies

Effect of ionic strength of the aqueous

phase on the MnOZ—HDPBA extraction system..

Optimum conditions for complex format-
ion and/or extraction of manganese with

g
lePBIL..qu.-o..D.-.Q. aaaaaaa o o008 8000000008

Results of continuous variations method
for 1n(II)-HDPBA aquecus ethanol systemec..

PLAGE

o7

59

59

e0

63

65



13,

14.

15

164

TZe
18,

19.

20.

21e

22,
2%

viii EaGh
Results of continuous variations method

for HnOE-HDPBh aqueous ethanol and extra-

ction systelnSeececcsccecscssssscccsccncsae - 66
Results of extraction method for the deter-
mination of lMn to HDPBA ratio in the MnOZf

HDFBL COMpPleéXeecooccossscsssesccasscncccnce 66
Photometric characteristics of the

Mn-HDPBA COMPleXE@Seonccscsccscssscsssssse 70
Calibration curve data for the deter-

mination of managanese by Mn(II)-HDPBA

aqueous ethanol and HnOZ-HDPBL aqueous

ethanol and extraction systenSeeccceee 70
Evaluation of precision of the methods. 7%

Tolerance limit of foreign ions in the
determination of Mn(VII) by HnOE-HDPBﬂ

extraction systefeseccees S —— . 74
Effect of amount of K104 on oxidation of

Mn(II) to MnOZ and its determination with
EIDPB“IL...QUD..OG.-.D-....“n..—éoﬂﬂﬂo‘.. 76

Verification of the quantitative oxidat-
ion of Mn(II) with K10, and its subseq-

uent extraction with HDPBhecseeoscsoae 77
Determination of manganese in sycthstic. .

2lloy sSamnpleésS cceccescoccecccsscnccos 79
Determination of manganese in tea extract. 79

The sensitivities and selectivities of
recently recommended spectrophotometric
ﬁethodSouao-.-...l..o-.o.--o-onanoo-o. 80.



Te

Do

6o

7o

8a

ix
LIST OF FIGURES

Asbsorption spectra of (L) 1.6 x 10t
Mn(II)-HDPBi complex in presence of
K,S,05 (B) 1.6 x 10~* M Mn(11)-HDPBA
complex without K58,0g (C) 2 x 10~ 1
HDPBA, all in 60% (V/v) ethanol....

Lbsorption spectra of (4) 1.6 X 10~% M

Mn(VII)-HDPBA complex in 60% /)
ethanol, (B) 1.6 x 107" M MnO;-HDPBA
extraction (C) 1.6 x 10+ M MnO;~HDPBL
complex extraction in presence of KZ[O,+
and (D) 2 x 10™2 M HDPBA extraction...

pH effect on Mn(II)-HDFBA aqueous

ethanol System-.oooonoo-.ococo-n..—ooc

pH effect on (&) MnOZ-HDPBL aqueous
ethanol and (B) 11n0,-HDFPBA extraction

SystemS.o.Doo....-.n.on..-ﬂ.uo..oe...-

Curve for the determination of Mn(II)
to HDPBL ratio in the Mn(II)-HDPBA
complex by the continuous variations

methodl.0ﬂ'IOBOHO..OOIOQDﬂ...0.0ﬂﬁﬂﬁlﬂ

Curve for the determination of Mn(VII)
to HDPB4 ratio in the MnOZ—HDPBa complex
by the continuous variations method in
aqueous ethanol systelfececssccccccscce

Curve for the determination of Mn(VII)
to HDPBL ratio in the MnOZ—HDPBA complex
by the continucus variations method in

extraction systElleecsecsceccossaceccocae

Curve for the deternination of the Mn to
HDPBA ratio in the Mno;_;--HDPBu complex by
the extraction methodesecsescecccacces

PLGE

Se

53

55

55

67

69



5 PLGE

9. Calibration curve for the determination
of manganese () MnO,-HDFBL extraction,
(B) ﬁnOZ—HDPBA aqueous ethanol systens. 71

10. Ripgbon's plot for the determination of
(L) Mn(VII) and (B) M(II)eeecccccccces 72



Studies on Hun::ﬂese—Nq-Hydroxy-Nq,Nz-ﬂiphenylbenzamidi-

ne Jomplexes by Zolvent Exbraction and Spectrovhotometry.
‘dvisor: Dr. B.5. Chandravanshi

NqJHydroxy-Nq,N2—dipheny1bwnzamidine '8 found to
react with Mn(II) and Mn(VII) forming ethanol soluble
deep-green compleres in the pH vange 7.5 - 8.5 and
3.5 = 9.5 respectively. The complex formed in the
MnO,~ HOPBA systen has been found to be cuantitabively
extractable into amyl alcohol over o wide pIl range. The
apectra of the complexes forned in tae "n(IT)-HDPDBA and

MnOR—~HDPBA Bystems exbibited .bsorption marima in the
visible region at 625 nm and 614 nm with molar beorptive

4 respectively, Compo=-

ities of 4600 and 5350 1 mol™ | ca”
sition of the complexes formed in the buo systems bave

been foudd.to be 1:7 and 1:4 (iin:11:°PL), respectively.

The effects of experimental variables have been studid
an. the photometric characteristic have been evoluated

for 21l the three systems.

On the baosis of these stu ies a siaple, precise,
fairly sensitive, and highly aselective method has been
aeveloved for the debturmination of Mn(VII) by solvent
extr.ction and spectrophotometry. T"he method has been
applied succeastully for the determinntion of manganese

in steels, bronze, ferroman inesc, manganin, nnd tea

powder samples,



INDPREY G TON
8 I Occurcnce and Applicabvions of Manganese (1 - 4)

Mongenese ¢o=2s not occur in nature in the free
state, but it is widely distributed in the combincd
state. Tt is the twelveth most abund nt element and
conatitutes about 2.085 % Tle earths crust. The most
common wmangaaese minertils are oxides, silicates and
carbonates. Man aaese is present in most igncous rock to
the extent of about 0.1 %. The average river water is

asbtimeted to contain about 1

7}

pm of manzanece as a result

—

of the uxbhering of rocks, and man anese contont of
ocean water variecs fron 0.7 to 10 ppb. Manganese has been
found in metcoritus, 1 nuinz from treces upto shout & ¥,
ané ibs presence in the sun 2217 obther gtars has been
estoblished by spectroscopic observation. It has also
becn found in every kind of plont and anim-1l tissue, in
concentr. tions ronzing fr-m 2 for parts per billion to
more than one part per hundred; in sener 1l it is more
abund_nt in viogetable thon in asimal tissue.

The human body monginese content is estinmated to be
42 - 20 mg and the normal rogquirement of the human diet
hos been estinated to be about 4 mg per dry. i'he consum-

ption of tea and coffee provides a lawwre source of the

o = d

mecol. Seeds, nuts and cerezls lso hove high mencanese

contents, but miik producis -~nl se: foods contain low.



Mormal lovel of acnsonzse in plonts range from 20 to
520 Dpme.

A éeficiency of the .lsment in 211 orsanisrs stud-
izd, rcenging from bacteria thr.uzh pliats to mammals
inhibits growth, Jiminkshes lifc expectsncy and causes
akeletal abnormalities. Home typical exmples of manga-
nese deficiency in cnimale arve ths sheletal disorder
perosis or nglipped teadon disesseg" in chickens and the
development of a zenebic nmutont in mice knoun as the

"pallid mouse" in the of soring of mans-Lncse deficient

9]

spimals. In man it hes necn sug essed 5hHab “apresoling
disease" may well be a nanganesc deficiency. The liver
appecrs to e a key tissue in mon° cazse met boliswm, where
it acts as the co-factor Tor uaay liver enzynes such as
mhepatic mitochondrinl superoxide dismut. se =nd pyruvate
mitochon ci:l superoxide dismutose nd pyruvete carbox-
ylose. 1 inerese in so o um maasanese Jas found during

1ive~ merast.ses and hepatoniliary Jdiscese such as acute

hepatitis, chr nic hepatitvis, post hepatitis cirrhosis,
cirrhosis, oné extra-heputic hiliazy obstruction. L
corrclotion bHesieen serum 113unin and serum monrancse

t nececrotic cirr-

0

concentirotions in ocube, chronic «né o
hosis ond bebtieen Serus aminotpong, sooge ccbivivies -né
serum manganesc conc sb-otion was 1so “ouvnd, .nd postu-
laced Thab incre.8sed serum n.neiASlC levels conld be used

an index of liv.r cell conar e, LWAAZoNese dec”icieney in

I 0=
w2
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hisher plints causes =otiled chlorosis (lack of chloroph=
y11) in which the lezaves bocome vale or yellow while the
veins remain green.

thouzh less common than with othzr clenents,

-

toxolopical ef ccts consad By cucessive exposure to wang-

anese are known. Chronic maw; 2acse noisoning has chielly
heen roynd in ainers or in ore-crushing mills. The mang=-
anese ent .cs the body via ghe lungss by inholation of vhe
ﬁust, and chronic mangonese poisoning usually oesults
after one to three year's cexposure to lor~e amounts of
dust. fznganese salts Goken in to the body either by
injection or orally are mot 80 HLi ~ous since most is
excretoed.

M.npanzse hoy ot sever 1 industrial epplications,
ané Seme of fhe mang ese pino1ls of ec2atest industricl
{maortance are pyrolue ite (MnOp), nanzonite (HHEOB'HBO)’
pr-unise (Z1ny0z.Mnio ); pausnonnite (103043, rhodoch-

rosite (ﬂnCO ), rhodonite (Nnﬂia3) and bementaue
(2Hnﬁiﬁ5.H20.

The use of nanganese in glass nwaking is prohanly
almost as vld 33 that art itself. .ddition of snall
smounts of pyrolusit: to the nolton rlass "uishes out”
the sreen or yellow tint Aue to iron compounds in the
s5ilica; preqaver amountcs of the aineral oroduce colors
in ¢less and in cer-mic lazes roneineg from pink through

-

is used ~#s =Zn ae'itive

aQ

violet ©O hlack, Ferromanz mese



alhs

to control the s lfur conseut of st 1, Jod v the major
industrizl use of wonsenes= is o8 -n nlloving ond cle n-

sing agen’ for stcels, iron ond non-ferrous nevals.

Uses of nmuar.-ags8e th % ¢ minor from the stand-
point of cuanvity consunption, but iuportant nevertheless,
include its role in the menufocture of optical rslass and
light filvers Go ochieve dosirea btransnission ! ahsorp-
tion charact-ristics nnd in carbon-arc electrodes to
improve eunission ener:y in cecrt in spectr.l regions; its
role 28 a cabalyst in photosynthosis »nd -hoto-chemic 1
polymerizction; ~nd izs afrectiveness in @nhancing the

lothal _proct of ulte violet irradistion to ret rd the
gro .th of molds, yeasus and bacieria,

1.2. The Chenisiry of lnganesc (1.2:%5.61

From the an~lybical s.ondpoint the import nt oxid-
AGLioN gates of mangancse are +2, +4 and +7. The other
valence states, +1, +3, +5 and +6 are possible but in
general they are mome or 1.8z unstoble. The chemistry of
noncanese in &ts common oxidation stotes is briefly

revie.ded bclove.

4.2.1.Manzanese(11).

Man:zznese(II) is the most important, ond undex
nornal conditions, thé most s5-ble oxidtion stcte.
Monganous selts ore mostll woter soluble. In cid or

neytral agueous solution the monganese(II) ion exists as
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the pale piak hexc uo ion, Hx(Tgn)i' thich is ~uite
5 )

'}

s¥able to oxidation . Heuever , in bhagic solutioa the
hydroxide, Mn(0H)s , ig precipitated, and shis ranidly
darik:ns in cir due te oxidation, cs shoun by the h-se
potcntials :

‘O'qv -O.QV

ﬁnoz ————————. Hn203~~~~-i—--> Nn(OH)g.

The Sulfate, HnSOu, is var, siahle and aay e
used fcor awnrsanese cnalysis as it can be obtained on
fuaing do.n sulfuric acid sclutions to dryness. The com=
pluoxes of nun .nese(IX) are thermodynamically les: stable
in comparison with analogous complex species o LThe other
vivelont transition metals (ie. Fe, Co, Ni) which fnllow

(e

manganese in Ghao periodic table. Howover, ch inting

ligands such o8 suhylon‘u;hw1nf,o“~? te, or JZUly form

complexes isolsble frim ocueous s lutions.

Mangcnese(II) is oxidisod t5 Im(VII) using oxidiz=
ing asents such s potussium perdodate, sodium bisnuth-
ate, lead dioxide or peroxodisull. te¢ accorcing to the
following reactions.

+

M2t . SI05+ PHpO g====3 2MnOF + 5I0z + 6H

2+ + - v - 2+ p
2Mn  + 5pb02+ UHT  —Smeee> 2Jn04 + 5pb" T+ _H20

ql-—--—l——

2Mn2*s 55,025+ BH0 —=o=o®  2Mn05 + 105057+ 6H*

( ~anbmtadenhd



2+

27" 4 SNaBiog + M4H* —meme - 2Mn0; + 5B12* .

SNa®  + 7H,0
"he periodate reaction is quite rapid in a nitric-phosp-
horic acid solution at 100°. The peroxodisulphate oxi-~
dation is effected in the presence of a catalyst, Ag*

24

ion. In the absence of Ag®, or if an excess of Mn“* ions

is present, brown Mn(OH)e is precipitated.

2M0y + 3Mn=* 4 7H,0 ==-=- SMAO(OH), + 4i*

In contrast to the other reactions mentioned the

bismuthate reaction proceeds in the cold, and excess of

2+

Mn salts do not interfere,.

Stepwise oxidation of Ma(II) by peroxodisulphate in

phosphoric acid medium (7-9). The oxidation of Fn(II) by

3308

a stable Mn(III) and Mn(IV) species. '"The reaction is on

to Mn(VII) in phosphoric acid medium proceeds via

catalyzed by agt and exhibits rirst order dependence
on [3203“], {Ag"'] and ;4 independent of [Mn(;I)] X
The [ H'] bas no significant effect on the reaction, It
is observed that the PO7~ ion stabilises the transient
Mn(III) and Mn(IV) specics by forming a stable and soluble
phosphato complexes.

For the formetion of Mn(IV) from Mn(II) the Sto-
ichiometry is found to correspond one mole of peroxodis-—

ulphate (PDS) per mole of Mn(II) oxidised. This result



N

confirms a b0 electron tronsfer process, corrcsponding
vco the Tormation of Mn(IV). /hen the kinctic measurcments
wers wde with varying ~mounts of Mn(II) 2t fixed (PDS)
and [AE{) » Ghe ascending portions of the 1bsofbfnc3-va—
rsus~time plots were liner and parollel to s2ach obher,
further confirming the indenendence of the reaction rate
of frn(11}}

It is also interesting to note that there is a
gmall but definite time lag before the Mn(IV) “ormed in
the first stage of the r action is Tucther oxidised to
Mn(VII). This is presum:bly because tae ﬂ33+ Tormed in
the rate-deteruining step ~tt cks only the loer oxid-
ation states, Mn(II) and Mn(III), in preference to Mn(IV)
as lony as they are present and further oxidation of
manganzse(IV) to Mn(VII) is possible only after these

are conpletely converted into Mn(IV).

Both bthe formotion of Mn(IV) and its further oxid-
ation to Mn(VII) follous a zero order kinetic lav with
resacct o Mn(TI), +hile the ordors with respect to
[PDS] and [’ij were each found t2 be unity.

Kinetic experinments carried out to 2stablish the
role »layed by POaﬂ ion in this rcoction at constant
[Ifj have sho.n that it haos an acceler ting effect on
the first stage of oxidation, Mn(II) -=> Mn(IV), while it
has an inhibitory effect on tThe sccond scoge o the

oxidation, Ma(IV) =< Mn(VII).



==

Since G ﬁﬂzuibnchﬂpli}QS gue Mn(IV) soccies,
oxidation poseniicl of Mn(IV)/Mn(II) coudle is lo.ered
4hile that of Mn(VII)/Mn(IV) counle is raised. This
czuses the ocserved difference betresn th. rates of the

two stages of oxidation in prescnce of POE' « 10 account

for the «bove observasiont, th: "ollowing scheme has been

proposed.
Scheme.
02' “,!E_x 280° -
3208 e =Yy (1)
- - . = »
agt o+ 2300 By el | 502 (2)
b K
2 Z "
an' + ug)+ —4333€p procuc ss
Phe rate o7 the tion 1is ”1“6" by the expres-

gion —d[.aeoa /dt = k [ ] [ DQ] rﬂm the ¢ pilibrium
(1), the equilibriun conss nt K= [aoLJ /[20 .The

robe expression then rvouc to the folloiing ecuation

s, [52082-1 / G kK[ '308 ] —Kobs [_..:'20:%“] LAE.:']

+here Kobs =kK.

+he acbivation parameters ‘rom Ghe ‘rrhenius plots

saere calculated o "e S sho.n @

Zact = 52 4 KJ mole™ ',
*  _ 59 & 275" mole” ! for Ma(II)--3in(IV)
: . I -1
and Bact = 56  S5KJ mole -,
5* = —u4s * 208" mole™" Jor Mn(IV)---> Mn(VII)



le2e%e Man inese(IId.

the ebemisbry of man »nsse(ITD i3 not extensive,
The mrngrnic ica con e obbrined by elecirolybic or per-
sulfate oxidation of Ma(iI) solutions or by neduction of
MnO, « It con not he obtained in hizh concentrations as
it is :=2duced by '2ver., It 2lso his o strong tendency
to hydrolyze and o disproportionats in seckly acidic

solutions:

oMt 4 28,0 oo Y, Ma0, T)44H , K109,
Meonganese(ITI) is s6able in the =o0lid state (2. . mangon-
ese(III) paosphate). In suluvion st-»ilization may be
wchieved 2y coordinotion; the dark irom erystalline

accuylacetone, Mn(ac ac),, is re-dily o>tained by ovid-
-’

-

ation of b-sic solubions ¢ uin anese(II) by 0, or Cls

in che prosence of zeetylacetone (5).

1423, Manganese(IV) end (V).

The only really inporitont compound of Mn(IV) is
manvanese dioxide, a grey Go »lock solid found in nature
as pyrolusite, It is insci to most acids except shen hea-
ted, but i% does nmot dis olve to -ive Mn(IV) in solution;
instead, it Tunctions as on oxidising azent, the exact
manner of this dependin . on Ghe acid. fivh HC1l, chlorins
is evolved:

Mn0s(s) + 4H' + &g~ ---=3 MnCci, + 2HO
Mnclq_ et Mn012 + 012



=10~

Jith Tumine sulfucie *cid, oscysen is evolved:

Mengoncse(V) is little kuo n wxewat in wri ht dlue
" hypomanganates" thet are forie Yy rzduction of per-

m nionate sith an excess of svlfirse. A parmoncanite
KMnoﬁ, is kno/n only as a =0lid product of the ~lkali

o
P~

Monsoncse(VI) and (VIT).

L
-
L

Marsenese(VI) is kno n only as the deep srean
mapianabe ion, MnOf™. This is formed on oxidizing MnO,
in fus.d KOH .ith il0z, or air. 'he mang'mate ion is
s6-bl. only in very basic solutions. In cid, neutr .l or
slightly bosic soluvions it rce'dily dizproportionates
according Go the ¢ ucbion:

SMnOL™ 4 4HY —=-=3 MO + MROs(s) + 27,0, K~10%5,

Mang mnese(VII) is bost kno .nm in the Torm of saltwu
of the permanganabe ione ueous sclutions of IMndy nay
be preparcd by oxidation of solutions of Mn(II) ion s
described ia section 1.1.17. The permanz:nate ion has an
intenses purple color, and crystalline salts -ppe r almost
blielk.

Solutions of perman nate are inbtrinsically unsta-

sle, decomposging slo.ly bubt obuervanrly im 2ci¢ solution:

bk

41*1:10; + o4t eme=® 302(3) » PHO + ﬂ.LMn02(B).
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(N e ents used for unectrophotometric Determination

of Mangonese.

several or;onic recagents have been ccrmmended in
literture for the axtrictisn and/or snectrophotometric

determination of manganese. Of these reazents some of
the ccoenbly used reagents which may find wide analytical
ypnlicotions are Hriefly revieded below,

L number of Nq-hyﬁroxy—ﬂq,ﬂe— diarylsubstituted-
p~toluamidines h:fe HSeen omployed for the socctrophoto-

etric dot cmincotion of micro quantities of @ ngoncse(10).

g

The comnounds develop athonal soluble deep rreen mang nese
complex (Amax 620-635 mm rith € 5220-7550 1 mol™ Tem™")

in ammonioccal aeliun, Ho.over, the maxinum intengities

of the compleces are odt inel only af ser standing Tor
1 h . Oxal-te, EDTA, cu(II), Ni(II), Co(II), P3(II), and

re(III) seriously inuerferse with the Adcziermination.

3-@henyl—°-mercmpt*propionic acid hss “een used
for .n extr10#ion—spuctronhotometric Aeste mination of
manganese(II) base: on the Tormation of & 1:2 complex (37).
The mangonese complex is exsr cted into isoxmyl alcohol
in the pH range 5.3 - 9,4 'nd detormined by measuring
the absorbance of th exte ot ot the savelength of moX-
jmum cbsorbance, 625 nn (€ = 7.3x403 1 mol"qcm'q). The

determination procedi involves st posise mosking of
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Pa(II), Cu(IX), Ni(II), Fe(II), and Pe(III) wich cyanide
(after recucvion with ascorbic acid), Ti(IV) +ith fluoride,
A1(III), Cr(III), CA(II), #n(II), -nd Pb(II) with citrase
or cy:nide ions. 'venso, $o(II) -nd V(V) still cause
gerisus in%arTorences, fesides these, 1 larre exces: of
the reazent ( a minimum of 70-fold) a2nd a rslabively
longer shaking tinme (about 10 min) is required for com-
plete cxtraction of man cnese, The color intensity of

the conplex is constent only for 2 h.

An exirrction-s ectirophotometric determination
of permongancte vith ethylene-bis(ariphenylphosphonium)
cation has been r.nortzd (12) . The method is hnsed on
the extraction of erhylanu-bia(trighenylptospbonium)-
permcngonate ion pair into chloroform ¢t pH 6. The abso-

~bance of ths colored ertract is measured 2t 548 nm

.

(€= 2730 1 mol"qcm"q). The ion-p ir formed 1is 8% ‘ble
for 1 min only, housever, nddition of potassium periodate

to the a ueous perunanganate nolution zives colored extract

which is stable for 30 min.

Thiothenoyltrif luoroacetone, together with 1,10-ph-

enonthroline hos beon uscé or sxbraction-spectrophotometric

debcrmination of Mn(II) (13) « The method is bosed on

exbp ction of Hn(II) at pH 7.3 jrom 1,10-phenanthroline

gsolution :ith thiothenoyltrif luoroacevone into xylene.

The extrnct is wisher with wor-te buffer at pH 11.5
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snd tha abserhanee is mezurcsd at 3
c C ne 18 me ganr.: at 375 am (g 3”) 800 1

o o

1_1 =y I T : Lx
mol cn o Preliminar; .xt. ection ot pH 7.3, of inter-
recing met:l ioms such as n(II), €A(II), Cu(II) or Co(IX)
with thiothenoyltrilluoroccet-ne (in the absence of 1,

10-phananthroline) is veguired.

K-butylxanthaive has heen used for the extraction-sp-
sctoophotometric determination of Mn(II). The method is
baged on the exiraction of Mn(II) at pH 6.5 into chloro-
corn with n excess of K-butylxanthote and measuc-ement
of the cbsorbnce at ¢57 nm (€ = 5500 1 mol"qcm-q)(14).
fieny tronsition meszl ions including Fe(III) and V(V),
interfcrs:, ond need prior extraction at pH 5.8 into
CHCl3 sttep addition of K-etbylxanthate in slight 2xcess,
Interference by L1(III) is preventcd by addition of
fluoridc, and that of ¢u(II) by ertvaction as thoe buty-
Jxanthate at »H 5.8.

4 spectrophotometric method has %“een developed

ation of Mn(II) bas:zd on the foras tion
Ma(II) with 2,2'~

for the determin
of colored mized-=ligand complexes of

biosyridyl =nd (2-n1tr0phenylazo)-, (4-nitrophenylazo)-
or (2, n-dinisrophenylazo) catcchol (15) . Phe comolex is

sxtpocte? into CHCl5 fpon an agusous phase at pH 10.

maximum absorption at 52° nm (€ = 58,

"The complsex exhibits

000). Zn(II), Co(II), Ni(II), c4(II), EDTA, 2nd P07

ions inhbe fere in the del rmination.

* 1 mol"qcm"ﬂ
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Salicylaldoxine has besn used Tor the simult neous
sncctrophotometric determinstion of mansonesc(II) ~nd
iron(ITI) in borate bui erved nedium at pd 9.2 by ma:sur-
ing the 'bsorbance ~t 10 and 500 nm (thei\max of the
respective complexes)(16). Beer's la: is oheyed in the
concentration raanze 1 to 7 ug ml"'1 of either met~l ion.
The method is not very sclective. In the determination
of 2.2 ug n1~7 each of Mn(TI) and fe¢(II), the tolerance
limit for Cu(II), Co(II), Ni(II), “n(II), Cr(III), V(IV)
or Ti(IV) is only 0.6 aug a1~7,

* spectrophotometric method for the determination

of manganese with 2-(5-bromo=-2-pyridylizo)-5~diethylami-
nonhenol has been re orbed (17)« The method is hased on
the formation of 2 1:2 (M:L) colored complex in ~queous
cthanol medium at pH 8.5 ond mcasuring Ghe absorbance atb
575 nm (€ = 127,000; ve a reagent blank. ‘he method 1is
not very selective in that Ag(I), Pb(II), cda(I1I), Ni(II),
Co(II), Cr(III), ond V(V) interfere in the determination,
o-Hydroxyhydrosuinonephthilein has hezn used for

the spectrophotometric dcsoprmin tion of m-nzanese(II) in

agueous ethanol nmedium at pH 9 (78). The absorbance is

measured at 535 nm after keeping the solution for 15 min

-+ 20 to 25°C. The Sandcll sensitivity of the method is

0.38 ng cm'2 and che coefficient of voriation is 1.22 %.
Mﬂnqnnese(II) has bhe:n snectrophotometrically

detcrminad using 4-(2-thirzoy1azo) resorcinol in agueous

* 1 mol'qcm"q
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solution at pH 8.8 (19). 'he absorbance 1is neasured 2t
549 nm. The system obeys Deer's law upto 1.6 pg m1™
“e(III), Co(II), %n(II), CA(II), Pb(II), and .iMEA inter-
fere seriously in the determination.

Pivalent Mn hes be:n defb:rmined with Nq—hydroxy—
Nq—m—tolyl-Nz-(2,3-xyly1)benzqmidine hydrochloride ot
pH 9.6 in 2 70 % ethanolic medium D measuring the 2bsorb-
ance at 610 nm ( € = 4400)(20) Color development is com=
plete in 1 h and with 25-fold excess of the reazent.
oxalate, Cu(II), PA(II), Ni(TI), Co(II), Fe(III), v(V),

and EDTA interier geriously in the Aetermination.

“he formation of 2 1:2 (melal Go lizand) colored
complex at pH 8.7 ©o 10.0 of rin(II) =with tt-chloro-2"',
4-dihyc coxyproplophenone0y1ne has been used Tor The
decermination of men janese(IT) (21). The ahsorhance is
measured At 405 nm ond the Sandell sensitivity is 8.8 ng
on=2. Cu(II), PA(II), Ni(ID), Te(IT), and U(VI) ions

interfere in the determination of man-sanese using this

method.
ﬂ-(2-quinoly1azo)-2,4,5,-trybyﬂroxybenzene has been
applied for the spectrophotometric det-rmination of manga-

ncse using aifferent wausr niscible solvenis (22) in

such a way that the final solucion is 50 &% (v/v) agueous.

The maximum angorption j2,elencth varies betwezn 560 = 590

nm and the mol r extinction coe"iciants hetieen

5.0%40" 1 e i L WO - ox10% 1 mol™" en~". Full color

Ay
* 1 ol °©M
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opment is abtt ined ofiup 30 ain at 25%, an? the
sbsor :ance rem:ins constant upvo 12 h. Temper2tuce controll
(£ ?OC) is important in obtaining consistent results. The
gffect of foreisn ions is not dzscribed at all.

Manz n:se(II) has been deitermined spoctrophotome=-
trically by using isophthalohydroxamic acid in a ueous
ammoniacal medium (23). The absori:nce of the Mn-isoph-
thalohydroxamic =cid (1:2) complex is measured ot 490 nm
(€= 3760 1 mol~1 cn™") atter 30 min. Fe(III), Sn(II),
Sb(III), Bi(III), Ru(III), 2nd Rh(ITI) ions interfere in
the determination.

Tn the present invesuigition Nq-hydroxy—Nq,Na—
diphenyli.nzamidine, shich has become o popular ch lacing
agent in recont years, hae heen employed for the extrect-
ion-3 ectrophotonctric desermin tion of mangznese. Hence
its general properties .nd analytical zcpolications are

bricfly reviewed belout.

Tebe Nq-Hydroxy-Nq,Ne-Diarylbcnz;midines as 'nalybtical

Reagentg

Hq-gydroxy—Nq,Ne—diphenylbcnzanidine, I, and its

e - b ke g . o
analogues, II, aZteé typical monobasic and bidentate chel

J 4 - - o .
ating agents having functional grouping,III,

a
CpHe-N - OH R"-N - OH -N - OH
S 8 ITT
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where ?, 1', and R" are phenyl or su:aiituted phenyl

Nq-Hydrdxy—Nq,N2-diar 1benzamidines arc pale yellow
cryst2lline solids and st-ble touard head, light and can

he stored indefinebely .ithout deterior tion. These comp=
ounds are insoluble in water but soluble in comaon orgonic
solvents such as alcoaol, acetone, cholrofora, benzene,
and toluene. Their solutions in orgenic solvents ar:

light yellow and stuble fox geveral drys ot room temper—
ature.

Hydroxyamidines -cact gith netal ions to form five
nombered ring complexes. The meb 1 chelates may be neutral
or charzed depending upon the coordinction number and
chargze of metal ion. *he ¢omplexation reaction of hydro-

xyamidines can be reprecsented by the general complexation

eguilibrium,
N - OH\ -N -0
: ’ X
WBEPFEE S
M+ n i s cavne AM 4+ n H
- = - "C =
oo ¥/,

the charge of Ghe metal jon hog heen omitted for simnl-

The hydroxyamidines have sider scope as cnalytical

e : s Rl suhssicution of A par e
.['C.'_'.e-n.cs in bhe sensae GAadv h'-’ 305 ;reutien 0Ol ‘3 vl

cular group in the th-ee pheanyl rinns atbached ©o the
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functional grouping, their compluxing propertics con be
aodificd. Hence, tho gen ditivity ond selectivity for ~
particular aethod of determination con he improved, Sone
of the metal chalaged of hydrox yanidines are sater insol-
uble, thermally stable and direetly weighable. Such metol
chelates ca n ne used for gravimetric do ternination of the
metal ions. [Most of the meb.l complex:s of hydroxy:midines
are intensily colored and highly stable. These reaction
products c¢un ne used Tor sinple spectronhotometric deter—
mination in acucous systens or for Che simultaneous
cictraction and spectrophotometric dot rmination of metal

ions,

"“HfLrO"Y‘N aﬂz-ﬂlohenvl“enz midine(HDFBA), the
parent compound, w.s introduced s analvtical reagent
for the first time in 1974 by Satyanarayana and Mishra
(2%) for the oxtraction and spectrophotometric determin-
ation of vonadium(V). Later on Mishoo ond coworkers
synthesized o lare nuuber of suhstitutel hydroxv-amidines

; e 1 .
and studied their analytical potentialities. N -ivdroxy-
N1,Na-diphinylbenzamidinc and its analogues have been
widely used as analytical re-~ents, aad studies on the
applicability of these re gents have continued until very
recently for Ghe detection ond det-rmination of several
metal ions in gr.vimetric -'nolysis, solvent extrrction

and spectrophotometry.
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Nq-HYdroxy-Nq,Na-diaryuenzaridnneg hove been used
for the zrovimetric deberminstion of nickel (25) ond
copper (26 - 28), sravimetric (29 , 30) and extroction-sp-
ccirophotonetric doternination of molybdenum (71 , 72),
sheocbrovhotonelric determination of tungsten (33), spect-
roohotometric debermination in 2 ucous solubtion (3%4) =nad
extr:ction-s ectronbotonetric doiermination of irm (37,
36740), spectrophotometric deternination of nng nese(II)
in acueous ethanolic solution (41), extr ction-s ectrophoto-
netric determination of v .nudium(V) (42 -~ 50), spectrophoto-
metric (51) and extr-ction-spectrophotonetric debermination
of cobalt (52), and extrection-spectrophotomat-ic determ=

ination of niobhium(V) (53) .nd gold(III) (54).

1450 Aim of the Prezent study

In common with most of bthe positive met-1l ioas,
nonzanesSe posesesses (he propecty of forrming complex species
with many of bhe chelating aranes, some of wybhich th i
hove been used for bhe spectrophotonetric Zevermination
ape described in section 1.3. Bocause chelation is such
. comaon property of metal ions, the analytic:l uze of
compl sx~forming ropents is coestricted by many potentinl
interf zronces. FPortun:tely, ho.ever, there nre So many

chelating a_ents v~ilable, ond so many possibdle conbinat-

jons of conditions (pH, masking agent, oxid:tion state,
stc.) thot there is a good chance to find the right
- -

o " ki pobi d ainction of a siven
combination for the spedration op determincul :




metal in the prosence of rlansgt any otnor nmet~ls. Thus
¢ ceogent with better selectivity ona senzibivity covld
be obtoined by cxamining the various possible reaponts

for a parbicular a6t ! ion under 1if®:p-nt conditions.

The literatuce survey reveals thot there is - uwide
variation among the reported spectrophotometric nethods
for the determination of manganese with reried to sulecte-
ivity, sensitivity, precision, speed nd convunionce.
Hence there is a meed %o find : suit-ble reajzent and/or
proper conditions for the sensitive, selective, ranid,

and precise spectropholomebtric deternin tion of mangoncse,

41thouch some Nq-hydroxy-mﬂ,Na-di1rv1bunzrwidine
have becn used for the apcctrophotometric deternin-tion
of Mn(II) in a~ueous woedium, the parent comiound (HUPBA)
has not been used, 3Jesidez this vhe naturce of the react-
ion and the stoicheomebry of the ecouaplax have not been
egtablished. Further more, several ions have heen Tound
to interfere seriously in the Jleverninction.

]

Hence the conulex “ormation renctions of diffecent
manganese species vith HDPBA have becn studicd spectro-
vhotometrically in dutall under different cxperimental
conditions in the prescnt investigation in ordcr (i) to
£1ind out the manganese specics (Mn(II), Mn(III), Mn(IV),
Mn(VI), or Mn(VII) iavolved in the complex form:tion,

(ii) to determine Uhe stoicheometric compositions of




Mn~HDPBA complox speeics, and i
, 3, and (1ii) to iworove the select

ivity, pruecisi
Yy ¢cis and & 1
lon, and spevd of the anclysis




2e 7. THEOQRDPICAT, T CIO0UND

2.1. Solvent Ixtraction (55 - 60)

osolvent oextr ction iz partition of onz or noxe
components bebtween Lo liquids of limited miscibilitby.
Such licuid-liquid partition is caoused by the different
solubilivies of o given substance in the t.o phases. "his
method of partition of a given substance from one phase
to the other is extremely useful for very rapid nd clean
separation of troce and aajor components of both organic
2nd inorzynic substances. A Turther advonsa ¢ of extroction

is that the extract usually has some properties, i.e.
absorption of light, fluorescence, rodio activity, ~nd

volatility, on uhich the detecrmination of the isolated
cons;ituent can be based, Some additional ferturss of
solvent ertroction make the nethod cttractive 'hen opolied
to o particular separation., These features ars:

(i) several successive extrictions can be made inorder to
dininish the unextracted solute to a navligzible amount,
oven shen the distribution const nt of thu soluce is not
large;

(ii) The process is 2pplicable in /o ways; interfering
yaving the desired constituent

subst nces are extracted, le

red constituent is extira-

|,.n.

en

9]
(=]

in the first solveni; or

cted, leaving the jnpurities in the firsdy solvents

(iii) extroction methods nay onetimes bz used to avoid

coprecipitation -nd/or postprecipitction phenonzna that

=0y
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would be present in ¢ precipitetion separation of tle

sname conabituente;

Gv) solutes prezent in veoy small concentr:tion ney be
gathered by extruoction into ~ g1all volume of a sccond

o o rrls . I :
solvent when the aistrihubion constnat is large,

ZeTe1e Solvent Ixtraction of lNetal Chelates

If a mebal ion is extrocted from an agueous solu-
tion into 2n organic solvent the metal isn nust erist s

an uncharged particle which can he either :n elcctronsutral
conplex (chelate) or an ion-associntion snpecies that can

be transfered across the liquid-licuid boundary.

The extraction of a metal ion M with the extraction
reagent HL, forming a chelate HLn soluble in an organic
solvent, is expressed by the equilibrium

+
P‘laq = nHLorg -::::i MLH,OI‘g + nH 0q ('I)
which is characterized by the extraction constant:

[M'T'h] ora[m] gq = rJl(2)

[M) ” [uL] - {HL] ipa

Kex =

The eguilibrium involved in the extraction of metal chelates

can be expressed¢ by the following scheme:
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IL on " } - T
(I‘ )org organic paase (l“"n)org
e |
£p,T | I Kp,m
HL + a 5 l’
HE.. ====8.H% L r & + _
aq <-—=- j nL” 4 MO e Ty aq

Agueous phase

squatlon 2 con be written o8

Dy = Iex/ [HL]org e KD'Mﬁn [HL]org ’ (%)

(1) aq / Ky, 1.Pur, [n*] -

Takiny the logarithms, cquation 3 can be written as

log Dy = log K.y + 1 108 [Iﬂgorg + npH (4)

1f o certain metal ion has to be trans”ered into the
orznnic phase, the value of the distribution ratio Dy

for that metal should be as high as possible.

a2

Eguation 3 indicatves t-at the distribution ravio

DM of the metal M should be directly proportional to the

th
stability constant ﬁn of the complex ML, and the n

-1 _
power of the dissociation constant [}y, of the extracting

reagent HLe. The value of the distribution constant KD,M

of the metal chelaie ML, should be as high as possible,

~nd the value of the distribution constant KD,L of the

ecxtracting reagent ILD should be low if high value of Dy




is to be attained,

The expression in oqustion & indicates that the
distribution ratio Dy is increased if a hi-hep concentr-
ratration of the extrogting ament 1L, is maintained in tho
organic phase. However the concentration of the exiracting
agent can not be increased 2rbitrorily because of the
limited solubility and also hecause of the posgibility of
disturbing effects on the subsequent determination of the
constituent being extracted. Zquation 4 nlso shous that,
with increasing pH the value of DM becomes higher and
the increase Cunends on the oxidation state of the metal
ion being extracted. The value of DM increa=es with pH
up to 2 certain maximum value vhich corresponds, for the
simple case being considere’, to the value of uhe distri-

bution constant KD M of the chelote HLn.
i

Other factors, such 23 temperature, ionic strength,
and kinetics of Ghe extraction can also influence Dy, in
addition to the factors explicitly expressed by the quant-

ities in equation 4.
A change in temperature, eventhough it i= not

possible to predict how it affects, generally change the

value of on equilibrium constant. Ionic strenzth influences

DM by atfecting the relotive permitivity and the value of
the extraction constant K,,. There is no kinetic effect
involved in the value of Dy, provided that the distribut-

jon ratio has been @ bermined for an eguilibrium state,
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In practice, hosever, ®incbic aaltinr can be utilized i~
the race of e::bfj_ct'j_gn of onea ﬂpliciﬂ" is much fagter thon

that of another.

The completeness of transfer of a2 metal M in any
extractable form into the orpgonic phase is given by the
degree of extraction E, which is usually expressed in

percent:

oin 100 Dy,

v &0 o Ve D va
Cp,org ©OTB = My2q "aq M + (%'6'3 (5)

Sy joocﬂsorg ¥

which is the froction of the substance extracted from the
aqueous phase (volume Vaq) into the organic solvent
(volune vorg)‘ A8 shown in equation 5 the degree of extra-
ction depends both on the distribution ratio and the ratio

of the volumes of the t.o phases,

From the analytical point of view the extraction can be

considered as cuantitative if 99.9 ¥ of the metal ion is

trons” crred into the organic phase. If volumes of the two

phases are equal and only one extrrction is performed,
then for the extraction to he cuantitative it. 15 necessary

that Dﬁ55103.

5.2, Spectrophotometry (55 - 59, 61 = 66)

In spectrophotometry, 2 monochromatic light is

directed at o gample and the intensicy of the radiation

which is transnitted is mecsured. The radiation absorbed
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sample is dotermined by comparing tae intensity
of Tho tramsmited lizht When no ebsorhieg aecies

is present Lo the transmited intcnsity Men oher. is
sorbing sheeic 3 : e
absorbing species. Provided th:t the optieal pathlength

1 and the ahsorpion coeffecicent € of the substance being
dobernined at 2 ziven javelen: th cre known and the *bsorb-

ance A is measured it is possible to use Beer's law in

order Gto determine the unknown concenbration.,

¢ =4 (6)
£ 4

The expression shouss that theve is o linear relationship
between the cbsorbance A ~nd concentration C of » given
solution if the optical path length ~nd the wavelength
of the radiation are kept conglant.

In order Go develop = relible spectrophotometric
method for detcrmination of n desired constituent of n
colored system, severnl factors nced Go he investigoted.
Phe analytical wavelength sclected is usuzlly the one at
which the difference in absorbance betueen the colored
reaction product 2nd Hhe colorimetric recgent is pgrentest:

=
A (product)pay —u—f\(reagent)max = 100 nm

mhe amount of ce gent choscn for the stond rdized

procedure should be so large that slight diffe.encce in

the nmount of unused recgent cause differences 1n absorb=-

ance that are no ~penter thon the precision of meking the
¢easurament.

Tdeally, the colored species should he ~tahle with
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time, so that o rigid time schcdulc n-ed not be used in
performiny the analysis, and there should be - consider—
nble ranie of pH ove:s which the absorbance dces not vary.,
when PH control is very critical , aporoprinte buffers
of high c2paciby are usunlly recuired.

Conformity to Beer's law simplifies the calibrotion
procedure as well as the c:lculations in mulii-component
analysis. Housever it is not essentizl for satisfoctory

l""l .
Analysis.
Toreign substances should neither prevent the

desired color reanction nor zive » clososly similoar color
(2bsorption spectrum). Tests should alweys be made for
sther components likely to be present in the s~uples to

be present in the sanples to bhe analyzed.

In addition to the chove mentioned frctors, the
relinability of a method also depends on the nature of
the organic reagent used. Organic rc-genss used in spect-
rophotometric method shoulﬁ be sufficiently stable and
resistant to aerial oxidrtion or to photometric decompos-

itione.

2.2.1. Accuracy 2and Precision of Photometric Determination

The accuracy and precision of 2 photometric deter-

nmination depends on the type of instrument used and can

luated from the Ringbom's plot in which percent

agrinst the logarithm of concen=-

he eva

transnittance 1 18 plotted

tration C resulting in 2 sigmoid or 5-shaped curve. The
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fingbon's plot has two very use‘ul “ootures: (~) The sco-
1 'P i=1 3 ] T .

uracy oi the aualysis b Ay concentration lewel ern he

cvalu ted by using the following celationship.

- — o
shere LC/C is the relative ‘n2lysis error for o given
photometric error AT, Rénzbom has shovwed bthat the accur-cy
is greatest uhen the relation in equation 7 recch o minimum,

1.¢. 2% the point of the steepest slope (AT/81osC),

(b) The concentration ~once within which the an:lysis error
is minimum can be evaluated by constructing a t ngent to
the ste:pest portion of the cueve. The slope is then
translated o pointe of tangemcy to the curve chich define
the concentration limite within which the relative analysis

errcr is wminimum .

2el.2. Sensitivity end Limit of Determination

The sinsitivity of o phobtometric -nalysis is o
neasuce of the ability to detect o smallest concentration
difference and is dcfined ns the slope dA/'dC of the

calibr-tion cucve C = f(A) at the origin which c¢-n he
expressed as

¢ = (& = 4g)(a0)™ (8)

whers C is the concenbtration, A is the absorbonce of

- . - A -4
solution of the substonce being devermined, and L) is the

hlank.



-5~

The steener the slope of tha calibration 1inw, Ghe
hizher is the sensitivity of the determinition; it is thus
proportional to the ~bsorption ccef icient of the gnhecies
which is measured nnd to the pith=lonmth throurh the cuv
ette. Tue sensitivity of - photometric debermination can
thus be increascd, as follows Trom the Bear's law, if the
wavelength is chosen in Lhe resion of hi~h ~vsorption
maximum, and if a lon. enough cuvette is taken for the

meosurement.,

The lowest concentration of o piven substonce which
can be determined by » method is pgenerally quot=d in Lerms
of 1linit of detection, defined a8 that quontity ( or concen-

tration) of a substonce approaches zoero.

“wo of the common methods usecd tO.CIICulltO the
1imit of Adetermin~tion are discussed below.
(1) Koiser considers that the attainable limit of deter-
mination should be distinguishoble from the fluctuation
of the signal obtained for a blank determination and on a

statistical basis he has derived the expression

- dhr=1 _ 38
Cuin = (Ppin ~ Ao)(%%) ' Bo(a) - EIQ (9)

min

i cd devintion for the bla -
where 3, is the stondard devistion for the blank determ
ination. (2) Sandell defines the limit of determinntion

(he calls it the ngensitivity") 28 the weigzht in pg per

1 nl of solution, 4hich corresponds to an absorbance
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A = 0.001 measured in o +
surcd in 2 cuvette of cross-sectionnl aren

2
of 1 cn® and 1 = 1 cw. Tts dimensions -re pg cm™o
¥l o ml” ,
CS =--—-—-,\' JJ.__ 1 j ( FO)

vhere M 1is the molar mess of the substnnce to he determ-
ined. The disadvantnie of this method is that the spread

of the blank detarminations is not taoken into accounte

2.2.%« Spectrophotometric Methods Tor Determinabion of

2 Composition of Met.l Complexes

tmonz the severnl methods used for the debermination
of metal complexes (56, 58, 60, 62), the most commonly used
~r2 the continuous varictions (64,65), the mole ratio
(58,66), and the extraction ucthods (56).

2.2.%.49. Method of Continuous Variotions

The Job's method of conbinuous vari tions is one
of the most comuonly used method for determining the
composition of mebtal conplexes in solution.

The formation of o metal complex | can be repr-

esented by the complexation ecuilibrium

M + nL ====2 ML, (11)

r-n—-.-

in which M is a metallic jon and L may be either a mole-

cule or 2n ion. The dissoci-tion constont 1is given by

¥ om IM[qn (12)

-
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Suppose that s ecies f and T, react ~cconline to

ecuation 11 and that solution of M and L hHoth concentr tion

m moles per liter are mixed in verying sroportions. Let
the mixtures be nade by Ghe nddition of ¥ liter of L to

(1 = X) liter of M (X€ 1), with no appreciable volune
chn.e on mixing. For ony mixture the follo ing equations
pply
Ml =m(1 = X) -
[1] = 0(1 - %) - [nr,] (13)

fx] = mx -n [I’ILDJ _

[u] f2]7 = xfn) (15)
The condition for 2 maximum in the curve of ML, plotted
agailnst X is that

‘.d_-lﬂ— =0 (’16)

ax

differentiation of eruvabions 13, 14 and 15 and cowbination

of the three resulting differentinl ecuations /ith efux-

tions 13 to 16 gives:

o

% (17)

n = —=—

1=X

¥

Determination of the value of % for thich [Mlh] is o maxi-
ecuation 17.

mum allows the calculation of n by

Thus a series of solutions is prepared in which
the sum of the molar concenirations of M and L is the
same while their mole cprctions very betuween O andll,
If the sbsorbance 1S nensured -t o wovelength, there the
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complex MLy, absorbs but M =nd T do not ahsorb, the walue
of .. 2% Ghe point of maximum ubsorbance will corressond to
naxinum concentration of MLn o Accordin:ly the bsorb:nce
of tie solution is plotted agrinst I, the mole frnction

of the lizand in the solubion and then n is calculated
from the abscissa of the muximum of the curve by using

@quation i

2e2s3.2s Mole=32tio Method

This method is “»osed upon considerntion of 2 comp=

lexation equilibriuvm in ecualtion 11, If the complex Mlh

is very little dissocisted, 2 plot of 2hsorbance against
nole-=ratio of coaponent I to coaponent M, with the concen=-
tration of M held constant and Gthot of L warie”, rises
gteeply from the oriszin as a straizht line for mole ratios
below thot corresponding to Lhe complex formed, Ghen breaks
sharply to A constont absorbance »u Ghe nole ratio of

L/M in the complex. If the concentration of M is held
constant and L is varied, the breck in the curve indicat-

es the mole ratio M/L in the complex ML .

2.2.3.3., Ixtraction Method

! A i e , g
Consider the extraction eqnilibrium 1n equation

for which the Dy is given by e-uation 18



f 1L ] r
By U g Koy [ op >ﬂ (18)
[ 1]ag [ ]

since [M3gq = Oy~ [ ML,] o

ecuntion 13 can be uritten as

[
10 or =
& 2 Lo K,y + 1 10§ [HL]org -

Oy [ MLy, ] -

org
npH (19)

where CM is the total concenbtr-tion nf 5he metal ion. If
the complex HLn is the only soecies th t is exbracted
ingo the organic phase that absorbs at the selected
] 4= £ = - e 1 Pt ™ = A ] / a )
savelenpth then frouw Beer's law [”LhJ /g and FN
Amax/g (for 1 =1 em) where 4 is the equilibrium aobsorb-
ance and Amax is the ma-imum absorbance with 1n excess of

the ligand in the orjznnic phise, courtion 13 can thus be

written as

Log T—_-A_—T = 106 KCX + n log [HLJ + n PH (20)

max

nhus the slope of the curve obtained by plotting

log hy bl against log [ HL] o
Apax A

gives the number

of ligands, DN, in the compleX.

R
- e



o1 Louipments

A

A Bec'man Model 24 UV-Vis spectronhotometer znui-
pped with mabtched l-cm quartz cuvettes and o Beg'tnan
Recorder iere used for recording the ahsopption spectrn
and 2bsorbance measurcments, The pH volues of the solutions
gere measured sith a Beclmon Chem-Mate pH meter. i Varian
Tectron Model 575 Series atumic absorption s .ecirometer

4as used for atomic absor tion detecmination of nmanpanese.

3:2 Reapents and Solutions

Standard ~olution of Man-cnese(II). A stock solution of

manzganese(II) was prapared by dissolvinre 0.845 g of man-
ganese(II) sulfate monohyd-ate (ALH, snalaR) in distilled
gater, acidiiied with dilute gulfuric acid, and diluted
to 500ml with distilled water. The mangaonese content of

the solution a8 dntermined complexometrically using

EDTA (67).

Standard Peemangzanate Solubion. stock solution of mane-

nese(VII) was prepared DY dissolving 1.5794 5 of potassium
permangzanate (BDH, Anclosd) in 500 ml of distilled -/-ter,

boiling the solution rently for 1 b, cooling, filtering

shrouch a sintered glass filter to remove any m-nianeseé

(IV) oxide Tormed, ind ¢iluting exactly to 1 litre with

aistilled water (12)

~36=
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ctetraacetic acid (LDTL) was prepired by dissolving the

disodium salt in distilled water. The solu:ion a8 stand-
ardized ::0inst magnesium chlorice (3UMH,An:lal) using

NH5/HH491 buffer at pH 10 cnd Eriochrome Dlack I (BBT)

indicatore.

Oxidizing Azents. A 5% (w/v) KIO, was prepare: hy digsolv-
ing 25 & KIO4 in a mixture of 300 ml water and 100 ml
Joter nd 100 ml concentrved PI'-IO3 and he ting to complete
dissolution. The solution /18 cooled and diluted to 500

nl Jith dissilled water and used for oxidotion of Mn(II)

(62).

1 1 % (+/v) solution of 1{2.'3208 (BDH,An~12RR) and
solid pbo, (Hoppkins & /illiams ) and NaBioi(BDH, Analai)

sere also used for oxidation of nantanese(IT) (89).

Reducin,, ‘gents. A 6,01 M solution of ascordic acid

(Hopkins ~nd Williams) and NH20H.H01, respectively, in
distilled waltur were uged for ths reduction of hi~rher

oxidation states of manganese to manganese(IT).

Solubion of ilectrolyte. A 2.0 M solution of pot~ssium

nitrate (BYH, inalaR) in dis-illed "1atsr 4as used to nd-

just the jonic strength of the solution Tor cxtraction.

Solutions of Foreign TonS. Sjolubions of foreisn ions were

prepared by aissolving known amount of rexzent prade salts
in distillec water UO zive 10 mg of the iom per rilliliter

of solution. The solutions were acidi”ied whenever
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ncesssar s to prevent hydrolysis. In gener:l nitoote salts

re used for the ¢ tions and sodiuu or TEMBMLum Bdlts

jere used for the anions.

Mitric Acid and ‘mmonia. Dilute nitric ncid (Riede-de Haen)

and ammonia (RBedel-de Haen) solutions were used for 2dj-
usting the pH of the solutions.

Reczent Solutions . N'-Hydroxy-N,N°~diphenylbenzanidine,

HDPBA, was synthesized by the condensotion of N=nhenylb-
enzimidoyl chloride with N-phenylhydroxyl-mine ot n°¢ in
ether (52), m.p 160—16200, reported 163°¢ (24).

A 0.005 M solution of the renzent, HDPDA, in 96 3
(v/v) ethanol was used “or the spechropiotonetric determ-
in:tion of manganese(II) and menganese(VII) in aqueous
ethanol medium.

4 0,01 M solution of th: reagent in ~nyl a2lcohol

.as used for the extraction of Mn(VII).

Solvents. Ethanol 96 %,v/v) (Riedzl-de Hoen) nd other
solvents werc used o8 raceived sithout further purific=
dtion. Amyl alcohol (Riedel-de flaen) w3 distilled once

before use. Once used, it .as recovered by double distill-

~tion and used again.

Dryinz igent. Ainhydrous sodium sulfate (Riedel-de Hoen) was

use. for drring Gthe nolored extroct.

345 preparation Of 3ample 3olutions

= \ =aly 1o ! ‘ei~ht of tea pO'Ider
2.5.1. Tea Powder Acouratery tno /N '
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3 =, (Red lebel, "lisé: Iupex Co(K) Ltd. Homhassa, Kenya)
vos 2dded to 300 nl boiling wasor, Hoiled for 5 to 20 ~in
28 recuired, and 7iltered th cuth & Buchner “vnnel. The
clesr extract uas tramsfered Go a 250 ml Kjeleh-1l r1 sk
2nd evaporace (o dryness. The residue uas duc-mnosed with
10 ml of a mixsurs of nitric, sulfuric ind perchloric
acids in the ratio of %:1:1 (70) by heating over the
bunsen burner for ahout 2 h, The heating sas continued

Af ter addition of about 10 ml of dilute sulfuric acid
until the wolume was redvced Lo nbout 5 ml, The rasidue
w13 cooled ~nd then reboiled wivh 2% ml of distilled
water. To this solution 10 ml of 5 & (w/v) KI0, wes

added ond heated to boiling vo oxidize cny manganese
species Gc manansse (VII). The solution 123 cooled,
transfered o o 50 ml volumetric i{lask and Jilubed to N
mark @ith water. Suitable alicuots of this solution

were taken for the nnalysis.

3.3.2. Steel, Bronze, !Monjonin and ‘ervomansanese sanples

(584 71)

Artificial samplse of steel, bronze, mancanin, and

Tezrromanganese verc prepared by miring the gqousous solu-

tions of the respective metal ions in suitable proportions.

The solutions yere troited with KI0, ¥o oxidize m2ngonese
(II) to m.n;znese(VII) and dilubed Go kmown volumes

i | i wezr sed for the analysis
respactively. These solutions were used 10 7 !



el Procedures

Ak _1 51 dardizats ~" M :
Rltele Standardization Moason se Solutions, A 10 ml

rlinuot of the manvanese(II) or mang-nese(VII) solution
w18 transfered into 2 250 nl cornicnl flavk, Lorout 0.5 g
of ascorbic acid and 5 ml of NHg/NH&01 huffer of pH 10
rere added and the solutioﬁ ang dilutd to 50 =m1 with
distilled water. The solution was titpatéer with 0.05 M
D0 solution after adding 5 drops of 0,5 & IZBY indicator
solution until the initial ruddish color of The golution

turned blue sith the final drop of IZUTL.

3.4.2. Lualitabive Test for Oxidotion _itate of HManianesc.

*1iruots of unannenese(IL) solution (2 ml of 0,002 M each)

were traonsfered into 5 different boakers (50 nl ench).

7o ench of this was 2dded, none, 1 ml of 0ol M solution

of 3scorbic acid, 1 nl of 0.1 M solution of ﬁﬁon.H01,111

nl of 30 % (v/v)Hx0p, and 1 ml of 0,05 M xzﬂaoe, respect-
ivelye A 10 ml alicuot of 0.005 M reagent golution in

cthanol was added to zach e .ker, The pH of each solution

was varied between 3 and 10, and the solution :as dilu .d

to 25 ml with suitable aaounts of sthanol and water to

give 60 % (v/v) ethanol in the fin=l solution. The color

ch-nge of each solution 428 monitorsd visually and

h, - 2 . g = = smun
‘ecrovhotonetrically % different time intovvals.

8¢

5.4.3. Deteruination of Mn(IT) fron quects sthanol Mediun

tn olicuot oi the solution containing 25 = 250 pg of
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N ﬂ_‘ﬂeSC(II) was transfered into a %o ml bhernkrer ~nd 10

nl of 0.005 M solution of HUPDA in ethanol sas added to

it. The »H of t“e solution w's adjusted to 7 = 3

usinr
dilute solutions of HNO; and NH\3 ~nd the sclution uns
nlloued te stand Tor 5 h with occasional shiking,

The solution .as cuantitatively tronsfzced Go ~ 25 ml
volunetric flask and diluted to the nark with sufficient
cmount of ethanol and water Go give 60 % (v/v) ethanol
solution in the final solution, The absorbance of the

colored solubion 428 nme:sured &t 625 nm against the re-

agent blank.

For c-libration, 0,05, 0.10, 0,20, 0.30,0,40,
0.50 ml of the standard solution (500 g a1~ Mn(II))

sere used through the procedure.

3.4, Determinatiod of Mn(II) from Aqueous Ethinol Medium

in Presence of xzsgos. 'n aliquot of the solution

contoining 25 = 250 pg of non~cneze(II) as trensfsred
into 2 50 ml be.ker and 1 ml of 1 % K55,0g solution was
added to it. 4 10 ml alicoot of 0.005 M golution of tThe
reagent in ethanol was added to the solution and the pH
was ndjusted to 7 - 8 using dilute solutions of nitric

acid and ammonia. The golution uas ~nantitatively or.ns-

fered into a 25 ml volumeiric flask and 11loued to scand

for 30 nin with occnsional shalinge. The solution was diluted

- . _ A% : A
10 volume with sufficicnt ~mount O -thanol and distilled

: / wanol in the finzl solution.
uater o give 60 & (v/v) ethanol 1in

The abhsorbance of the coloraed solution wWas necrsured at

T ~+=al
625 nm aoeinst the peagent blank

e ————a———— - T e S
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For calibration 0,05, 0.10, 0.20,00.30, 0,40,
0.50, ml of the standard solution (500ung m1~" Mn(II))

vas used through the procedure.

3«45+ Determination of Mn(VII) From Aqueous Ethznol

Medium

An alicuet of the solution contoining 25 - 250
ug of Mn(VII) was transfered into a 50 ml beaker, A
10 ml aliquot of 0,005 M reagent solution in ethanol
was added to the solution and the pH was adjusted to
7 - 8 using dilute solutions of HNO§ and Nna. The
solution was quentitatively transfered into a 25 ml
volumatric flask and diluted to the mark with the required
amount of ethanol and water to zive 60 ¥ (v/¥) ethanol
in the final solution. The absorbance of the colored

solution was measured at 614 nm against the reagent

blank.

Tor calibration 0.05, 0,10, 0,20, 0.30, 0.40,
. -
0.50 ml of the standard solution (500 ug ml Mn(VII)

was used through the procedure.
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Sete6. Determination of Mn(VII) by Zolvent Ixtvaction

in aliquit of the solution comsaining 25 ~ 250
ug of manganese(Y{II) was transfercd into a 50 - ml
beaker and diluted to 10 ml with water. The pH of the
solution was adjusted to 6 - 8 using dilute solutions
of HNO3 and NH3 and the solution was guantitatively
transferad into a 100-ml separating funnel. A 10 ml
aliquot of 0,01 [ HDPIL in amyl alcohol was added
to the funnel and the mixture was shaken vigorously
for two minutes. The funncl was allowed o stand
(for about 2 = 3 minutecs) until the two phase soparated
completely. The aqueous phase was sepabeted and the org-
anic phase was collected in a 50 - ml beaker containing
about 2 g of angwdrous sodium sulfate. The agueous
phase was again transfercd into the funnel and washed
4ith cbout 5 ml of amyl alcohol. The washing was mixed
with the colored extract and transfered into a 25 ml

volumetric flask. The beaker was vashed continuously

with amyl alcohol until no green color was left with

the sodium sulfate, The washings were added to the fl=-

ask and the extract was diluted Yo the mark with amyl-

alcohol, The absorbance of the colored solution was

measured at 614 nm ageinst the reagent blank.
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For cnlibration, 0.05, 0.10,10529, 0,39, 0.40,
0.50 ml of the standard solution (500 pg m1~7 Mn(vID))
were usxd throush the procedure,

Jeite7. Studving the RBffect of Variczhles

The effect of a particuler variable was s:udied
by measuring the ~bsorbance of the¢ solution of ¢ ch sys=-
yem follosing the general procedures described 1hove,
keeping all experimental variables constant, except the
one under study .

In/hqueous ethanol svstems the completeness of
the conplex form~tion /a8 exanined hy measuring the absorb-
ances of the solutions at o particular condition of a
varisble parcmeter and ¢ its opltimum condition folle iing
the =enerzl procedure. The renction was considered to
be incomplete when the sbsorbance w:s Found to b2 less
than maximun ané constont value ohtained at the optimum

conditions of e~ch system.

The cuzntitative exeraction »f manganese {rom the

aqueous permonsanite solution .8 =xamined by checking

the presence or absence of man-anese in the nrqueous phase

left after extraction at any particulor condition. The

extriction wos considered to be complete when nansanese

was not detccted in the aqueous vhase.

3.0 8, Tests for Complete irtpaction of Manznnese

' ¢rocti Ha duced
The agueous phase 1eft ofter exir-ction was reduc
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to a2bout 1-2 ml by cvoporation and 2 drops o 9,1 M

f

NHQOH.HCI was added to it to (oduce any montance species
tc Mn(II). The solution was tr.ns'ere intn 2 t.st tube
-nd 2 drops each of NH;/EHuﬂl buffer of pH 10 and 0.5 %
EBT was cdded to it. The appearance of lizht blue color
indicated the adbsénce of manganese in the acueous phase,
whereas the appeirance of wine red color indicated the

presence of manganese in the aqueous phase,

The preseance of wangan<3e in bthe orianic phase,
j.e. in the clored cxtract, 28 also tested. The residue
left ofter the distillation of :myl ~lcoho. frum the colo-
red extract .os décomposed by heating with o mixture of
1 ml of HINOz, Hy50, and HCIOuin the ratios of 3:1:1. The
residuc a8 cool:d ~nd Alssolved in 1 ml of 3 ¥ HyS04.
The presanc: of manzcnese in the solution .28 confirmed
by its oxidlatiecn 6o permansonate with 5 drops of KIO4

snlution.

3,4,.9. Detrmination of t-e Composition of the Complexes

"he Method of Continuous Varistions. - series of solutions

was prepored for each systea in which the mole ‘rochtions

of manganzse to HUPBL were voried between O 2nd 1 to 7ive

-4
A constont total consentration of 8.0 ¥ 107 M. The pH

. vs 4= tha dystems 'as djus-
of the solution 1n the acueous ethanol 8y

ted to 8 ¥ 0,2 and the pH of the aqueous phase in the

L + 3
extraction system .as adjusted O 6 % 0,2. Thon proseedad

as described in sections Bathe3ey 3445, and 2ahsts
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tr.onsiered 1nto 250 =1 conic:l flask and 10 nl of
(w/v) KIO, w2s added to the solutions. The solution 28
diluted to 25 ml sith water nd heoted to boiling. The
purple permanzan 1te zolution obtnined was coolex nd dile
uted to 100 ml with distilled ter. Suitable alicuots

of this solution was btiken for extreiction nd determin-

+tion of Mn(VII).

JA.12. Deternination of Mn(VII) in Sanple by olvent

N

Extraction
in ~liquot of the gomnle golution containing
25 =~ 250 ug of Mn(VII) was transiered into a 50-m1 bhecker

nd 5 ml of 5 % (w/v) sodium rluoride was cdded te ib.

5 desc-

solution was diluted to 10 ml and then proceede

ribed in scction 3.4.5.

3.4.,1%. Determin tion of Mn(VIT) by AAS

et

The mangonesce content of the gample solution
- . = == /‘l S = L

containing 5-26 4g wE  of e IVIT) wes also a€terwined Dy

AAS af its 279.5 nm resonce l1ine with air-acetylene flame ststem.

10, 15,20, and 25 uf ml™ Mn(VII)

.
LL

were used through the procedurc.

ihration, D,
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4. RLOULIG AKD DISCUSSICH

Mn(II)-HDPBa system and Mnca - HDPBA(Mn(VII)-HUrBA)
system mentiohed throughout the result and discussion
refers to the complex species formed by the reaction of
1n(II) with HDPBA and MnL; with HDPBA, respectively.

4.1. Reaction Conditions and Absorption Lpectra

Mn(II)-HDPBA Aqueous Ethanol System. 1Nin(II) was found
to react with HDPBA in aqueous ethanol medium to give

a deep green complex in the PH range 6.5-8.5 on exposure
to atmospheric air for sbout 6 h.

When the reaction was conducted in the presence of
NHEOH.HGI or ascorbic acid the Mn(II)-HDPBA aqueous ethanol
system was found to give no color formation. Whereas in
the presence of K 5,0g or HyU, the green Mn(II)-HPPBA com-
plex was obtained rapidly.

These results, i.z., absence of complex formation in
the prescnce »f reducing agents and the rapid color deveop-
ment in the presence of oxidizing agents, indicate that
the manganese species involved in the complex formation
is not Mn(II) but some higher oxidation state mangancse

species resulting from air, H0, or K o Ug oxidation.

It was also found that Mn(II)=-wus not extmactable
with the HDPBA sclution in organic solvents such as amyl
alcohol and l-hexanol.

The absorption spectra of Mn(II)-HDPBA complex has

becen recorded both in the presence and absence of bieoa

in aqueous ¢thanol medium. The absorption spectra wers

found to Be similar under both conditions with wavelength
at 625 nm(Fig.1). How=

of absorption maximum invariably ;
ence in the band inten-

ever therc was a significant differ

sitiecs. The molar absorptivity was found to be 4600 1

> (:m-’1 in the presence of K28208 whercas in the absence

the absorbance 1incrcases with time.

mol
of k2b208
L
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These results indicate that the complex specics formed
both in the abscncee and prescnce of KESEOB are identical
involving manganese species with some higher oxidation state
other than +2 in the complex formation, a2nd th¢ oxidation
of Mn(II) is not complete in the abscnee of K,6,04 (f.0.
with zir).

The results obtained also indicate that the manganese
specics involved in the complex formation is most likcly
to be Mn(III1) as evidenced by the oxidation of Mn(II) to
Mn(III) by K2b208 (70). ©Similarly the formation of
Hn(acac)3 by oxidation of basic solution of Mn(II) by 0,
or 012 in the presence of acetylacetone has been reported

(5).

Mn(VII)-HDPBA hqucous bthanol znd bxtraction gystems.
Mn(VII) was found to react with HDPBA in aqucous ¢thanol
mcdium in the pH range 3.5-9.5 to give 2 decp grecn complex
immediately. Lhe spectrum of the complex has been recorded
and showed an intense absorption band at 674 nm with molar
absorption coefficient 5350 1 rllol""1 cm"1 (Pig. 2).

Several water immiscible solvents such as n-butanol,
l-hexanol, amyl alcohol, chloroform, benzene, toluene,
ond xylene were tried as solvents for extraction. The
green complex was found to be not cxtractable into benzenc,
The complex was found to be readily

amyl alcohol, and

tolucne, and xylene.
oxtractable into n-butanol, 1-hexanol,
chloroform.

Ihe absorption spectrum of the deep green extract in

cach solvent has been recorded and found to bc similar in
2ll the solvent with minor variation in intensity of the
absorption band. (f the solvents, amyl ~lcohol ?nd l-hex-
anol gave a better scnsitivify with slmost identical absor-
ption spectra, and hence the detailed study has been con=

ducted with omyl alcohol.
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The maximum of thc absorption hand was found to
coincide with that of Mn(VII)-HDPBA aqueous ¢thunol system
both in intcnsity and position ( max = 614 nm, = 5350 1
mol’q cm-q) (Fig. 2). ''hese results indicate the fommation
of identical complcx species in the two Mn(VII1)-HDPBa
aqueous ethunol and Mn(VII)-HDPB4 extraftion) systems wi
which is different from the complex formed in the Mn(I1I)-
BDPBL system.

“he spectrum for the reagent blank (HDPBA in 60 %
(V/v) ethanol or in amyl alcohcl has been recorded and it
was found that the reagent did not show significant absor-
ption above 450 nm upto 700 nm (Fig. 1 & 2). However all
abgsorbance measurements have been mude against rceagent
biank to e¢nsure maximum scCuracy.

4.2. Lffects of Lxperimcntal Variables

Lffect of pH. The optimum pH range for the maximum and
constant absorbance in the Mn(II)-HDFBL agucous c¢thanol
system has been found to be 7.5-8.5 (Table 1 and Fig. 3).

absorbance of the coaplnx was found to ducrvasc with dec-

rcasing and increasing p behind thu optimum range. The
decrcase in absorbance at lower p valucs may be duc to
the incomplete oxidaticn of Mn(II) to Mn(III) which re-
tards the formation of the complex. Lhe decrease in
absorbance at higher pH values could be due to the forma-

tion of thc¢ white mangancous hydroxide prucipitate which

results in an incomplete complex formation of the metal.

for the maximum color develcpment
was found to be
above pH 9.5
exhibited 2 different absor-
tonation of th¢ ligand

The optimum pH range
in the Mn(VII)-HDPBL agucous bth1nol system
3.5-9.5 (Table 2 & Fig. 4). Bolow p 3.5 and
the solution becomcs brown and
pticn spectra, probably duc to pro
and some redox rcaction of In

(VII), respectively.
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‘he optimum pH range of the aqueous phasge for tho
complete axtracticn cf Mn(VII)-HDPBa was found to be 3.5-
9.5(Table 2 & Fig. 4). At lower pH valucs extraction of
Mn(VII) decrcases due to the incomplete complexation
because of protonation of the ligand. At higher pH
valucs extraction of Mn(VII) decrcascs, probably duc to
the formation of manganese dioxide or some other side
rcacticns.

Lffect of Amount of HDPBha. A minimum of O-fold molar e¢xcese

of the rceagent, HDPBa, was fcund te be neccssary for com=-
plete color develppment in the Mn(II)-HDPBA aqueous cthanol
system. A large excess of tho reagent (upte 100-fold melar
cxcess) was found to have no adverse effect (Table 3).

For complete color development in the Mn(VII)-HDPBa
aqucous cthanol system and for the complete extrattion cof
the metal from the aqueocus phase in the Mn(VII)-HDPBA
cxtracation system a minimua cf 8-fold mular excess of
the rengent was found te be nucessary. &L large cxcess up-
tc 100-fold molar cxcecss of thu ligund has becn found to
have no adverse cffect on tho color develcopment and cextr-
acticn officicncy of the two systems, respectively (Table
4).

Though the reagent blank do nob exhibited significent
abscrpticn at thce wavclenghhs cf maxinum absorpation all
adsorbance mecasurcments have been madc against the re-
agent blank to ensurc maximunm ACCUricy.
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Table 1. Lffect of pH cn Mn(II)-HDPB. aguecus cvthancl systea
[Mn(II)Z= 1.6 X 10~%1, fHOPB./ = 2.8 X 1077

pH Lbsorbance ut

625 nu(t = 6 h)
6.0 0.083
6.5 0.255
79 0.454
75 0.544
8.0 0.548
8.5 0.550
9.0 0.510
9.5 0.424
10.0 0.264

Bable 2. Lffect of ph on Mn(VII)-HDPBA agucoug vthanol
and extrgeticn systens

[Mn(VII)/ = 1.6 X 107" 1, /HDPB/ = 2.8 X 10"

Lbsorbance at 625 nm

H Mn(VII)-HOPB. - _HDPB.
$ aqu,cgsszzgunol cxgﬁggiiznﬂgggtum
2 0.428 0.759
3 0.631 0.792
DD 0.814 0.819
. 0.811 0.825
5 0.821 0.821
6 0.828 0.828
7 0.814 0.826
8 0.815 0.828
8.5 0.814 0.824
9 0.816 0.821
9.5 0.812 0.820

10 0.7 0.782
11 0,733 0.769
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Effect of Time. Under optimum experimental condition, it
has been found that the Mn(I1)-HDFBA acueous ethanol system
requires at least 6 h exposure to atmospheric air for max-
imum color development and the absorbance practically re-
mains constant upto 24 h (Table 5).

The time required for maximum color development was
found to be reduced by adding KESZOB to accelerate exid -
ation of Mn(II) to Mn(III). In the presence of K;5,04
maximum color development was achieved in 30 minutes and
the absorbance of the colored system remained oonstant
for 24 h.

Table 3. Effect of /HDPBA/ on Mn(II)-HDPBA aqueous ethanol
system /Fn(II)7 = 1.6 x 10~ M, pH = 8

[HDPBA) x 10MM  Mn(I11)7:/HIFBA7 ggsgggaﬁge
g 1% <) 1:1 0.093
5.2 112 0.104
4.8 143 0.157
6.4 1:4 0.276
8.0 1:5 0.%51
9.6 1:6 0.496

1.2 137 0.549
12.8 1:8 0.558
14 .4 1:9 0.564
16.0 1:10 0.565
%2240 1:20 0.567
80.0 1550 0.565
160.0 1.100 0.562

The optimum molar ratio range of Mn: K5550g for the
rapid color development was found to be 1:4 =1 : 15 At
lower molar ratios oxidation was not complete where as at

higher molar ratios precipitation occurse
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Maxiziun color development in the Mn(VII)-HDFBA aque-
ous ethanol system was achieved instantaneocugly under opts
imum conditions and the Mn(VII)-HIPRBA complex was completely
extracted into amyl alcohol within 2 minutes. The absor-
bance values of the colored complex in aqueous ethanol
nedium and the colored extract remained constant for 4 days
at room temperature and then started declining gradually
due to the decomposition of the complexes (Table 6).

Table 4. Effect of HDPBA on Mn( VII)-HDPBA aqueous ethanol
and extraction systems
Mn(VII) = 1.6 x 1074 M, pH = 8

Absorbance at 614 nm
/HDPBA7 x 10°M  [Mn(VII)/:/MDPBA/ Aqueous ethanol Fxtr-

system action

system
1.6 1:1 0.124 0.110
3.2 1:2 0.166 0.173
4.8 i o 0.2988 0.268
6.4 1:4 0.499 0.411
8.0 115 0.586 0.565
9.6 1:6 0.764 0,767
a2 127 0.802 0.798
12.8 1:8 0.327 0.828
16.0 1470 0.821 0.825
%2.0 1420 0.8%1 0.824
80.0 1450 0.824 0.8%1
160,0 1,100 0.832 0.835
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Volune Ratic, Peuperzture znd Icnic Ltrength. ¥or the
ccaplete dissclution ¢f the coaplex and te have a clear
soluticn in the Mn(II)-HUPBa gnd Mn(VII)-HDPB. aguecus
ethancl systems a minimuu of 60% (v/v) ethancl was found
tc be necessary. Below 60% of cthanol the solution be-
ccaes turbid, whereas above 60%, upto 90%, ¢f c¢cthanol

in the soclution has nc adverse effect on the absorbance
of the ccaplexes (Table 7).

In the Mn(VII)-HDPBa uxtraction system it has beeh
fcund that the volume of the aquecus phase can be varicd
from 10 to 50 ml with respect to a fixed velune, 10 ml,
of the organic phase (iac.qu vorg can be varied from
1:1 tc 5:1) without any variation in the absorbance
Table 5. Bffcct of time on the coler developuent and

stability c¢f the complex in the Mn(1I)-HDPBa
aquecus ethancl system in tne prescnce and
absence of K2 2 8 _ o
Mn(11)/ = 1.6 X 10~ [HDBB&/ = X10™M

=2 o B
ZK2008]—2X10 l’p

T, B Seepme e
B ‘5 0,382 0.730
1 0.463% 0.734
2 0.487 0.7%9
5 0.546 0.735
b 0.554 0.735
2 0.580 0.733
6 0.585 0.7%6
8 0.587 0.7%2
24 0.592 0.729

a = Without K2b208‘.
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Table 6. bLIfcct of tiae on the stability of the ccaplex
in the Mn(VII)-HDPBi aquecus ethanol =nd extrac-
ticn systens Mn(VII)/ = 1.6 X 10™% 1M, /[HDPrBi/=

2% 1072 n
sAbsorbance at 614 nm
220 lin(VI1)-HDPBA Mn(VII)-HDPB.
aquecus ethancl systea — extracticn system
0 0.818& 0.821
% 0.815 0.824
2 0.824 0.822
4 0.826 0.819
6 0.820 0.819
12 0.817 0.822
24 0.813 0.820
48 0.814 0.819
72 0.819 0.815
96 0.804 0.802
120 0.790 0.785

Tuble 7. bffect ¢f the aacunt of ethancl in the solution,
ca Mn(I1)-HDPB.s and Fn(VII)-HOPB- gquecue ethancl
systems Am(II)/ cr Mn(VI1)/ = 1.6 X 10",
JHDPBL/ = 2.8 & 10N

Ethanol DNn(II)-HDPB. systeua Mn(VII)-HDrBa
% (v/v) wubscrbance af 625 na systen absorbance

1t 614 nm
40 ’ 5
50 g .
60 0.578 0.831
80 0.575 0.832
90 0.576 0.830

*+  Pyurbid sclution.
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cr extracticn cfficiency (Table 8.). .t higher voluae ratios
there was gradual decrease in the degree of extracticn cof

the cumplex. Hence repetitive extractions were found to

be necessury for the complete extracticn of Mn(VII) from
lorger velunes of the aquecus phasc.

Nc significant changes in the absorbance values and
the reaction time cof the Mn(II)-HDPBa system was cbserved
when the reacticn was carried out at higher tenperature
upto 60°C. Variation in temperature between 20 and 40%¢
did not produce any measurable change in the abscrbance
of the Mn(VII)-HDPBu aquecus ethancl colered system or
on the extracticn efficiency of the Mn(VII)-HDPBa cclored
system (Table 9);

The wavelength of the abscrption maxiunun and the
sbscrbance of the Mn(VII)-HDPBA uxtracticn systen did nct
chsnge when the icnic strength of the aquecus phuse was
varicd between O tc 2 M with respect to KNO3 (Table 10).

The optimun conditicns for the complex formation in
the Mn(II)-HDPBs and Mn(VII)-HDPBa aquecus ethanol systenm
and for the complete extracticn of Mn(VII) into amyl alc=
chol with nOPBa are suamarized in Table M.

Table 8. Lffect of agueous tc organic phase volume ratic
on the Mn(¥II)-HDPB. extraction
Mn(VII)] = 146 X 10”4 n, (HDPBL] = 2 X 1072H,

Velume of aquecus phase = 10 ml

Volume of ) absorbance
aqueou€ p%aSc Vaq/Vors: ot 614 nm
nl
10 T 0.826
25 2.5:1 0.820
50 53 0.817

100 10:1 0.765
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4.3. Test for coaplete Extracticn cf Manganese

Tc confirm the cempleteness of extracticn of manganesc
species intc the organic phase under optimun ccnditicns
tests have bcéen performed for the presence cr absence of
nanganese in the aquecus phase left after extracticn and i
in the organic phase ccntaining the colored extract by the p
precedure described in secticn 3.4.8.

Under optiaum conditions the presence of aanggnesc
cculd nct be detected in the aquecus phase left after extr-
acticn, i.c., the extraction of aangonese frca the aquecus
phasec intc the organic phase was found to be cumplete.

This wus further ccnfirmel by the presence of aanganesu

in the cclered extract. The presence of uangancee was
detected in the agueous phase left after extracticn when

less than 86fould melar excess of the reagent wus used for extra
extracticn, when the pH of the aquecus phase was below

3 cr when the volune of the aqueous phasc was larger then 50

50 wl,

4.4 VYcampesiticn of the Complexes

Phe compositicn of the complexes in the Mn(II)-HDeBL
and Mn(VII)-HDPBi aguecus cthancl systens was determinced
by the methud cf continucus variaticns, apd that of Mn(VII)-

HDPB. ccaplex extracted



o

Table 9. bBkffcct of teapcrature cn complex ferasticon in
Mn(II)-HDPBu and Mn(VII)-HDPB. 2quecus ethancl
systens and on the degree of extraction of
Mn(VII)-HDrBu systea
Mn(I1)/ orMn(VII)/ = 1.6 X 10° M, [HDPB.J=

2.8% 1079 N

ﬁgsgggaﬁge absorbance at 614 nm
Temperature
Og Mn(II)-HDrBi Mn(VII)-HDeBii Mn(VII)-HDFB..
aqueous ethancl  aquevus e¢thancl  extraction
systea systen systen
20 s 0.824 0.83%1
40 0.632 0.826 0.828
60 0.630 - -

Tsable 10. Lffect of icnic strength ¢f the squecus phase
on the Mn(VII)-HDPBi4 extracticn system
/Mn(VII)/ = 8 X 1072 M,, [HDPBA] = 2 X 107N

[KNOEZ abscrbance at 614 nn
0,0 0.429
0.1 0.43%6
0aS 0.433
4 =0 0.425
2.0 0.429

into amyl alcchol was determined by the coentirucus varia-
tions and extraction methods.

Fhe maximum absorbance in the ccntinucus variations

acthed was cbserved at the pole fracticn of 0.75 cf the
n(1I)=-idbPB. aguecus ethancl systen. whare-

ligand in the N .
at the avle fraction

as the maxigmua abscrbance wis found
of 0.80 of the ligand in both the
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Table 11. Optimum conditions for complex formation and/or
extraction of manganese with HDPEA

Mn(II)-HDPRA Mn(VII)-HDFBA Mn(VII)-

Parameter aqueous aqueous HDPBA

ethanol ethanol extraction

system system system
pH 7e5=8.5 3¢5=9.5 345=9.5
Amount of 9~fold molar 8-fold molar 8-fold molar
HDPBA excess excess excess
amount of 1:4=1:15 - -
Reaction .
extraction 30 min immediate 2 min
time
Stability of
the complex 24 h 96 h 96 h
Solvent 60-90% 60-90% 1:1=5:1
ratio (V/v)ethanol (Y /v)ethanol (Vaq ’vorg)
Reaction/ " 5
extraction  20-40"C 20-40°C 20-40°C
temperature
Tonic streng="
th of eagqueous - - 0-2 M
phase KNO

T ———— T -

* 6 h in the absence of K28208

Mn(VII)-HDPBA aqueous ethanol and extraction systems.

is 1:3 X
ratio of Mn to HDPBA

aqueous ethanol and extrac
e 12 and 13 and the curves are shown on

These results i
n the Mn(II)-HDFBA agueous ethanol system and
is 1:4 in both the Mn(VII)-HDFBA
The results are

given in Tabl

Figures 5 to 7.

To determine the ratio of Iln to

tion systems.

ction method, the quantity 1log

'%%é é@sorbanie fﬁi a
&max:{§ +the absorbancé

-l v

ndicated that the ratio of Mn to HDPBA

the

HDFBA by the extra-
was plotted against
'bafficular Eﬁ%éntrafion;pf HIFBA and
3n the presence of constant and




excecs of HDPBA, The curve gave a slope of 3.9 which
indicated that the ratio of the Mn to HDFBA in the complex

is 1:4. The results are given in Table 14 and the curve is
shown in Fig. 8.

Thus the composition of the complexes has been found
to be 1:3 (Min:HDPBA) in the Mn(II)-HDPBL aqueous ethanol
system and 1:4 (Mn:HDPBA) in both the Mn(VII)-HDPBA aqueous
ethanol and extraction systens,

The results obtained from the three systems indicate
that the reaction products of the Mn(VII)-HDPRA aqueous
ethanol and extraction system are exactly identical and
are different from the reaction produci of the Mn(1I)-HDPBA
aqueous ethanol system as revealed from their differences
in the spectral properties and compositions. However the
oxidation state of manganese species in the couplex formed
_in the Mn(VII)-HDPBA aqueous ethanol and extraction systems
has not been established.

4.,5. Photometric Characteristics

The phciometric sharacteristics: The molar absorp-
tivities, photomtric sensitivities, the limits of determin-
ation, the concentration ranges oheyed by Beer's law, and
the optimum concentration ranges for the photometric deter-
mination obtained from Ringbom's plot have been evaluted
for the three methods involving Mn(II)-HDPBA aqueous ethanol
system in presence of K;5,0g and Mn(VII)-EDPBA aqueous eth-
anol and extraction systems. The data are summarized in
Table 15. The data for the calibration curves are given
in Table 16 and the curves are shown in figures 9 and~10.

10 The results obtained show that the sensitivity of the
nmethod based on Mn(VII)-HDFPBA systems are better than that
of the Mn(II)-HDPBA system. In general the proposed methods
have good sensitivities and can be applied for the determin-

ation of trace amounts of mangancse.
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The precision of the aethods was evaluafed by per-
forming 8ix independent analyses made on sanples each
ccntaining 110 pg of Mn(II) o Mn(VII) per 25 ml in each
of the three systems. The results indicate that the pre-
cisicn of the Mn(II)-HDPB.. method is somewhat poor, where
as, the Mn{VII)-HDPBa miethods are precise and give repro-
ducible results. The results are suameri zd in Table 17.
Table 12. Results ¢f continous variaticns methed for

Mn(II)-HDPB.. aqueous ethuncl systen
Op = [Mn(11)/ + [DPBa/ = 8.0 X 10", pb = 8

Mole fraction Mcle fracticn sbsorbance at
of Mn(II) of HDPBAL 625 nn
0.0 1.00 0.003%
(5L 0.90 0.199
0.2 0.80 0.379
0.25 0.75 0.503
0.30 0.70 0.476
0.55 0.67 0.458
0.40 0.60 0.418
0.50 0.50 0.358
0.60 0.40 0.285
0.70 0.30 0.222
0.80 0.20 0.112
0.90 0.10 0.069
1.00 0.0 0.002

.s can be seen frum Table 15 the Mn(VII)-HDsBa systeas
have better sensitivity as compaired tc the Mn(11)-HDPBa
systems. Of the two Mn(VII)-HDPS. systens furth%r studies
th Mn(VII)-HDPBa extraction systen
on offers better selecctivety

have been carried out wi
duc tu the fact that extracti

cver the cne-phase homogeneous reaction systems.
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Me, a5 s i

l_ﬂblb 43. -)\;S'Lllts L‘-f Cnn‘.,mukus V'-I‘if!ti'_.:]s ._H__t-:‘.__il f\r
Hn(VII)-HDP3. agucous cthanol eni extracticn
systen

Op = Mn(VII)] + /HDPBA/ = 8.0 X 107 1,p% = 8

Mole fraction Nulg abscrbance at 614 nn
of Mn(VII) toackion
cf HDPB. agqueous extrgetion

¢thanol systum

systen
0.0 1.0 0.004 0.026
0.1 0.9 0.409 0.405
0.2 0.8 0.592 0.525
0.25 0.75 0.525 0.462
0.30 0.70 0.430 0.404
0.33 0.67 0.330 0.364
0.40 0.60 0.300 0.321
0.50 0.50 0.207 0.224
0.00 0.40 0.145 0.167
0.70 0.30 0.102 0.121
0,80 0.20 0.065 0.084
.90 0.10 0.020 0.052
1.0 0.0 0.001 0.002

Tnble 14. Results of extraction method for the deteruina-
tion ¢f Mn to HDPB. ratio in the 1Mn(VII)=-HDPBa
ceaplex

Mn(VII)] = 1.6 X 107, P = 6

A Lhsorbance N »
[HD:’BJJ }L 104[1 1Dsﬂ‘]0P5‘t} “‘J’sgqq‘ n‘id th}'lx‘ds lgg_.h..-n‘(_’-
3.2 -3 .49 0.105 0.145  -0.84
4.8 ~3432 0.292 f-g:? -o.i
6.4 -3.19 0.534 .819 0.26
8.0 =2.59 0.675 4.467 0.65
9.6 -3 :}7 0.7%29 8.511 0.93
7 .2 _3.95' 0.774 :‘;"4 .72’1 ’1.’]7
12.8 ~3.89 0.790 21.878 1,40

e i = — ————
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T‘G‘H‘!O 1 - M etomea 3 A . ~
5 i 'ldt'!"JC Ch..!’. :Ct:..I‘lEtlcc "_r tl‘-"_ I-‘n_iiu‘.-un
conplexes

nn(I1)-EDPBi Mo(VII)=-dDP8. Mn(VII)=-
Characterictics aguecus - agueous HDPBi.
ethuncl ¢thancl extracticn
systen systen systea
Amax '’ ?n g 625 614 614
s1 mel™ ' em 4600 5350 5350
Sandel]l sensitivity, 0.012 0.010 0.010
> am—2
g co
Limit of deteraina-
o vy ST 0.02 0.02 0.03
Concentration range
T e |
frcm Beer's law, 1.1—13,2 0.5*11 0.5-11

png nl-1

Cptimua concentratica
range frca Ringbom's o, rn o
plot , pg ml-1 10 1.4-8.8 1.4-8.8

Table 16. Calibraticn curve data for the deteraninaticn of
mangomese by Mn(I1I)-HD:Sa aqueous ethanol and
rn(VII)-HDrsA aquecus ethanol and extraction

systens.

Mn{II)-HDPBa Mn(VII)-HDFBL thVIl)—
aqueous ethancl aquecus @thancl HDPBL

B

Ccnecentration nysten system B el
cf manganese avatesn
g 2l
e Aibsorbance Lbsorbance sbsorbance
at 625 na at 614 na at 614 nn
T 13,74 - 0.052 0.053
27.47 0.089 0.104 0.107
54 .94 0.178 0.213 0.214
109.88 0.361 0.424 0.427
164 .82 0.533 0.637 0.642
i =
219.76 0.714 0.847 0.856
274.70 0.902 1.065 1.070
329.64 1.051 - - -

R ———EEE
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Fig.9 OCalibration curve for the determination of
mangzanese (A) Mn(ﬂI)-H]IFBﬁ axtraction (B) Mn(V?
HDPBA aqueous ethanol and (C) Mn(1I)-HDPHA aquec
etHanol systems.
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Table 17. Lvaluation of precisicn of the methcds
Jin(I11)/or fHn(VII)] = 8 X 1077 M
(HDEBA] = 2 X 1070 M, pH = 8

To-t;:;_ nc Ivlt‘un Qt‘ml'.‘;r.i Rul&‘tiVu
Mcethed of samples b acrbansa Asvtatson Standard
* davia-
tion(%)
agquecus ethancl
Mn(VII)-HDPBi
aquecus ethanol 6 O.424 0.006 1.6
Mn(VII)-HDPBA
cxtracticn 6 0.415 0.004 0.9

4.6, kffect of Foreign lons

o evaluate the selectivity of the newly develcoped
extraction method, the effects of several foreign icns on
the deteraninaticn of nanganese(VII) with HDPB.. have buen
studied. 1In the determinaticn of 4 ppn of Mn(VII) in the
pH range 7--§, the ion that cause an error less than 2% are
given in Table 18. These results clearly indicatce that amost
of the ccnmur iovns asscciated with aanganese in ores, 2lloys,
and bioclogi-al samples do nct interfere in the determination
cf manganesc by the Mn(VII)-HUPBA extraction-spectrophotome-
tric method except V(V) and Ce(IV), which could still be
tolerated uptc cgual amounts. Lhe interference cf Fe(IIl)
upto 15-fold oxcess with respect to nangancse was overcuae
by masking it with fluoride.

4.,7. upplicaticn

e e —

fo investigate the analytical applicability of the
newly developed 3xtraction-spectrophcto:etric methed for
the determination cf mangancse, it has been applied to the
analysis of stcel, brenze, ferrcaanglnesc, asanganin and tea-
bince mangancse exists in lower oxidaticn

powler samples.
application has been

states in acst of 1ts cempounds the
preceeded by selecting a suitable oxidizing agent for the
T e ol s e el NRE T 2O Mn(VIiI).
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able 18. Tolerance linit cf foruign icns in the deter-
ninaticn of Mn(VII) by Mn(V1I)-HDPa. extraction
systeun

Cuncentraticn ¢f Mn(VII) = 4ppt , py= 7-8

lon Teclerance linit, ppm

Ape ot 2 (60)°
A= 4+, . 5
VOZ, Ce  (each)
002+ 30
Cu2+, Hgg+, Ni2+ (e¢ach) 40
30r,05” 60
m*, 2r*, uost, cr2*(each) 160
bn4*, Baz+ (each) 180

5= 260
1;504 0
L33+ 27
£DTi,Be2t, pb (cach) 320

= 600
cd”

o 00
M%J, 7

+ 2+ 1%
Na®, K+, 092 , BT, A7
70", NHj, NO3 MOy,
i o T J 2-_ =
504' 'l d04 . 5208 ] Iof_l_‘
acetate, tartarate,

8o0®
phthalate, citrate (eash)

- « T
GA0G 5 po7, €17, Ii

cxalate, berate (each)

F
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a. Causes positive interference when present in aacunts
grea*er thun the tolersnce linit.

b. DlMasked by 4000 ppa cf Fluoride icns.

¢c. Stw..~1 upto the indicated zmount only.

Oxidation of Mn(II) tc lin(VII). Different cxidizing agents
such as P?OE’ K2b208‘ NaBiOE, and KIO,, were exaained for
the quantitative oxidation of Mn(II) to Mn(VII).

Pol, and Kebzos werc found to be unsuitable for the
quantitative oxidation of ¥n(II) to Mn(VII) because these
«xidizing agents lead to incomplete oxidation of Mn(II).
Ocnsequently the excess Mn(II) reduces the HnOZ foraed tc
Mn(VI), and MnO{OH)2 ppt is fcrmed during the dd justeaent
of pH to 7-8 prior to extracticn.

N&BiO., was found to be effective for the exidation «f
Mn(II) tc Mn(VII) in strongly acidic mecdium. However when
pH was adjusted to 7-8, the execss NuBiOS, and Bi(OH)3
were precipitated. Thus FaBi0z was found t¢ be unsuitable
for the oxidation of Mn(II) to b~(VII) and its subscquent
deteraination by thu prepesed aeched.

KIO, w28 found to be the moot efficient for the
quantitative coxidation of Mn(11) to Mn(VII) and therefore
it wns selected for further studies on the application cf
the prepesed method.

Effect of the amcunt of K10, - The effect of the ancunt of
K10, on the oxidatiocn of Mn(II) and its subsequent extr-

acticn has been studied.

The oxidation was perforned with varying amount of
KIO, while k:-ping the concentraticn of Mn(II) ccnstant.
It has been found that miniaun of 1:15 (Hn:KIO“) mclar ratic
for coaplete oxidaticn of Mn(II) to MnO% and

was needed i
apr eEcess gave 2 similar result.

excess KIO, upto 60-fold mcl
Lbeve 60-fold molar exXcess,
during pH adjustement and below 15
£ion was not complete (Table 19).

precipitate fcrmaticn occured
_fcld nclar excess cxida-

B
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It was alsu fcund that when extraction was perfceraed
the acidic aediua (pH 4-7) using the optimum amcunt of KIC,,
ccler of the ccaplex changed from green tc brown and resulted
in a shift of .o of the ccmplex. Hewever when the Ma(VII)
rcsulting from oxidation of Mn(II) with KIO, wus extracted
at pH 7-8 zesults cbtained wore jdentical with that of stand
ard MnG; (Fig. 2). Therefcre the extraction of HnC, from
sanple sclutions was carried out in the pH rgnge 7-8.

Tc verify the gquantitative oxidaticn of Mn(II) with
KIO4 and its subsequent extraction thres gsanples of peruan=—
g.nate: (i) standard pernangonate scluticn, (ii) standard
peraanganate sclution mixed with pericdate solution, and
(iii) peraanganate soluticn cbtained frem the oxidation of
Mn(II) with KIQ,, were analyzed and the results obtained
were found to be identical (Table 20). These results
indicate that excess periodate and its reduction produch
(iodate) have no adverse offcet cn the extraction and
determination of permangunate with HDPBa.
Table 19. Effeet of ascunt of KIO, on exidaticn of Ma(II)

v Mn(VII) and its jeternination iwth HDPBa

Mn(I1)/ = 1.5 % q0~"y, MDPBL/ = 2 X 10™2M ,pH=8

,KT0, used gy = |

for c;iiation fin(11)7 ZKIC4] gzsgﬁz“ggb
X
18.8 434245 0.614
22.5 1:15 0.812
30.0 1:20 0.818
60.0 1:40 0.810
82.5 1:55 0.822
97.5 AfER

* Cculdl nct be extracted because of precipitate

fornation in the aquecus phase.
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analysis ¢f allcys Laaples. applicability cf the methed
develcped has been evaluated by deteraining the ancunt of
nanganese present in artificially prepuared samples whose
ccupositicns are given below.

(a) DManganese: 85 Cu, 3% Ni, 1% Fe, ani 11% Mn.
(b) Manganese bronze: 4.5% ln, 0.005%% p, 68 Cu, 0.05% B&n,
0.10% &b, 1.00% Ni, 4% Fe, 7.5% sl,
0.10% 5i and 14.7%n.
(¢) TFerromanganese: 706 Mn, 7.25% C, 1,25 6i, 0.3% P,
and 21.1% Fe.

Table 20. Verificaticn of the quantitative cxidaticn of
Mn(II) with KIO, and its subsegent extracticn
with HDPBi
/ADPBA] = 4 X 1072 #, Mn/ : /KIC,/ = 1:20,pH=8

Lbsorbance a2t 614 num

Concentraticn of

Mn(VII) - Mn(II) Mn(II) MnO, with MnOj
139 oxidizel with added KIO, without
104 KIC,

1.89 0.993 0.091 0.092

3.78 0,497 0.191 0.199

7456 0.405 0.400 0.401
11.34 0.606 0.599 0.604
15:12 0.813 0.803 0.807
18.90 1.011 1.041 1.011

Steel: 12% Mn and 88% Fe.

241/1: 19.67% W, 5.03% Cr,
0.52% Mo, 1.57%F, 5.67% V,
5.67% CO, 0.8% C, 0.3 5i,
0.075% Wi, 0.10% Cu,
65.87% Fe, and 0.295% Mn.

(4) Mznganese
(e) anlloys Steel Sampie NC.
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Of thesec sauples the alloys steel sample No. 241/1
was 2nalyzed by the standari alliticn technique since
the ratic of Fe te Mn(226:1) was above the masking limit
(15:1). The results of the analysis arc swmuerized in T
Table 21.

snalysis ¢f Tea kxtracts. The proposed methed has also b
been applied tc the anclysis of water extract of a commer-
cial tea sample for its mangunese content. The manganese

ccntent of the tea extract was alsc determined by shb a8
a standard methcd to ccompare the results cbtained by the
newly developed method. The results are suanerizel in
Table 22.

These results indicate that about 90% cof aanganese frca
tea powler is being extracted into water within 5 minutes
and prolonged and successive boiling increases the extra-
cticn of mengancse cnly slightly. %he results obtained a
alsc indicate that every cup c¢f tea, i.c. preparvd by
bciling 3 g of tea pewder in 300 ml of water ccentains
abcut 0.96 mg of manganesc.
experiaental results are in gool agrec-

In gereral, the ,
ani/or with the results obtain-

nent with the actual values :
¢d by swab method. Hence, the newly developed methed 1s

precisc and reliable and can be applied for the determina-
tion c¢f manganese in qiverse suanplcs.

4.8. Compariscn with Other gpggtrophctcmetric Methods

. ccaparative stuly of the proposed nethuds for the

recently reported
to sensitivity and
jon ccefficient and

of manganesc with the
jc metheds in regard
lar absorpt
in Table 23

deteraination
spectrophotonetr
‘selectivity interms of &
interference, arc summnerized
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241/

Deternination f aungmneese in  gynthetic
allcys sauples
No.  Semple  lm added Mn found' ReD Relative
({o) (%) ,;%) urr_'(.r
: (;;)
1 Manganin 11.00 10.94 0.90 0.58
Manganese 4,50 4.4
onen o, 9 0.62 0.24
3 Ferrcaanganese 70.00 70.45 0.65 0.64
4 Manganese
Steel 12.00 11.94 0.70 0.50
5 4Allcys steel

Table

22.

+ .vergge cf triplicate analyses.

Determination ¢f nanganese in tea extract

( 3% of tea pcwder exteacted with 300 =l

boiling water)

*Mn found, pg/g tea

Extraction "

condition Proposed ALB
methed ntthcd

Single extraction

for 5 ninutces 320 325

First extracticn

for 20 minutes 340 346

Seccend extraction 1a

for 20 minutes 19 ?

Third extracticn -

for 20 minutes 9

Precisicn, RSD(%) 0.7 >

+ ,verage of trip

1icate analyses.
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Table 23 shcws that the propesed extracticn-spectro-

phctoaetric aethod for the letermination of manganese is

fairly sensitive and highly selective as cumpared to

of the methcds.

as &

o8t

Thus the propcsed uethcd can be sclected
dethod for the determination ¢f nengunese in diverse

saaples.

Table 23. The sensitivitics and selectivities of recently
recomnended spectrophutometric metheds for
manganese determination

A aax, nm, Interfering p_tedl =

Reagent 1 mcl'q ol pH Long Reference

2—05—br«mos2 -

pyridylazo)-5=- 8,5 Gu(II),Co(11), 17

iiethylaminophencl 127,000 *2 Ni(IIg:ZnEII),

CrEIII,V(IVJ,
Ti(IV)

‘ : 3d(11) 15
Thiothencyltri- 375 7.3 2n(I1),03(11),
flucrczce{one 35,800 cu(11),6e(11)
4-(2-thiazcylaze) 540 4 EDTS 19

- 3 x = 8.8 LDTJL

rescreincl 2=12 CoEIi),Zn(II)

c4(1I),Fb

N'-Hydrexy-N'-n- Fnfet °¥§%§§§ 20

tcly{—Nz—(25-Xylyl) 610 Fe ﬁﬁ%%%%:ﬂ(V),CQ

e e (11), Fe(I1D)

zn(11),Co(I1),

2,21—Bipyriiyl 525 0 9 Ni(II):Cl(II)a 15

with nitrophenyl- 58,00 EDT4 P05

azocatechcls : (ID)

Fe(11I),on

Isophthalchylrox- 4900 2 bb(Illg:Bi&III), 23

sic acid 5,76 Ru(I11),Rh(III)
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Table 23 ccntd.

)\m“xs om, Interfering Refer-
l{gggent !l Wle 1'1 Cfﬂ-q PH ions ence
1-(2=-quinoclylazc) 575 9.2 v 22
-2,4,5-trihydroxy- 67,000 .
benzene
N:I.Hyd.ro:acy-l\l’l ,Iifa--iiaryl 620-635 xnl;}:e ,JﬁﬂTIi
substituted-p-tclu- ¢ GuE g, 1% 3,10
amicines 5220-7550  8.5-10 Cu(II),Rd(II),

Fe(1lI)
il A v
(triphenyl- 54 N 12
phcsphomiua) 2380 and relucing
cation agents
Sqlicylaldexine ‘,‘;133 9.2 ﬁ?ﬁﬁ% .g;E ﬁ% :
- hJ
cr(I11},v(Iv), 1©
Ti(2V).
457 6.5-9 b g
K-butylxanthate a
2-10
: c
N Hydroxy-N1,N8 ips 3.5-9:5 ¥e(III)%,  propuse
iiphenylbenzaaidine 535 V(V) &, ol
extraction uethed Ce(IV) gethod

a Linear range, ug 31-1’ Dot given. CMasked by fluoride.

dcan be tolerated upte apounts egqual tc nanganesc.



5. COCNCLUTION

1 2

¥ '-Hydroxy-N ' ,N°~diphenylbenzamidine (HDPBL) has been
fcund t¢ react with both Mn(II) and Mn(VII) under differcnt
ccnditions foraing Jifferent conplex species.

4 new method based ¢n the complex formaticn of Mn(YI1)
with hDPBi. have been developeld for the deteraination of
nangancse by solvent extracticn and spectrophotoactry.

The method is simple, predise, accurate, and frec from fhe
rigid contrcl of experimental variubles. %he method 1s alsc
fairly sensitive and highly sclective and cculd be applied
fcr the determinaticn of trace anount of manganese in diverse

sanples.
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