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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)-HDPEA aqueous
ethanol and extraction systens,

The results obtained from the three systems indicate
that the reaction products of the Mn(VII)-HDPBA aqueous
ethanol and extraction system are exactly identical and
are different from the reaction produci of the Mn(1I)-HIDPBA
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 plsiometric characteristics: 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 K28208 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.

¢ mhe results obtained show that the sensitivity of the
nethod based on Mn(VII)-HDFBA 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 nethods was evaluafsd by per-
forning six independent analyses made on samples ah
ccntaining 110 ag of I;n('_[]_) ¢ Mn(VII) per 25 in ench
of the three systems. The results indicate that the pre=-
cisicn of the Mn(II)-HDPB. nethod is somewhat I, whers

as, the Mn{VII)-HDPBa umcthods

iucible results. The results

Table 12. Results ¢f continous v

are precise

iriaticns

and give repro

are sunmeri zd in

Mn(II)-HDPB.. aqueous ethunol system

; : o |
Cp = [Mn(I1)/ + [HDPB4/ = 8.0 X 10 M, p

Tablo

methced for

H

8

Mole fraction

Mole fracticn

sbsorbance

,1t

0.70

0.4 'r-‘{j

of Mn(II) ,f HDPBA 625 nn
0.0 400 0.003%
0.1 0.90 0.199
0.2 0.80 0.379
0.25 0.75 0.503
5
5

0.40
0.50
0.60
0.70
0.80
0.90
1.00

0.67
0.60
0.50
0.40
0.30
0.20
0.10
0.0

0.458
0.418
0.358
0.285
0.222
0192
0.069

0.002

1S can be

have better sen

systeas. Of the two Mn(VII)-HDFP5:. sy

have been carri
uc te the fact

cver the cne-ph

seen from Table 15 the Mn(VII)-HDSBa systeas
sitivity as compaired tc the Mn(I1)-HDPBiu
stens further studies

gd out with Mn(VII)-dDPBa extraction systed

that extrecticn

\s¢ homogeneous reactlill




Table 13.

~B66-~

results of continucus variations actl {

Mn(VII)-HDP3. aqueous cthancl sni extrs
systea

Cp = Mn(VII)/ + MMDPBA/ = 8.0 X 1074 u,p

Mole :
of Mn(VII) tpaskaon

fraction Mole abscrbance at 614 na

cf HDPB. agueous extrgetion
ethanol sy stum
systcu

Table 14.

0.0 1.0 0.004 0.026
0.4 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 0.4%0 0 404
0.33 0.67 0.%30 0.%64
0.40 0.60 0.300 0.%21

0.50 0.50 0.207 0.224
0.00 0.40 0.145 0.167
0.70 0.30 0.102 0.12
0,80 0.20 0.065 0.084
.90 0.10 0.020 0.052
1.0 0.0 0.001 0.002

Results of extraction mnethod for the detéruina
tion of Mn to HOPB. ratio in the lMn( VII)=-HDPBi

ceaplex

MMn(VII)/ = 1.6 X 10" M,
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P R i e R b iy
| n{ 1l )-HDPBi Mn(VII)=-iDPB8. Mn(VI1)-
' Characteristics aguecus - agueous HDPB..
ethancl :thar xt
systen 63
Anax ° na 625 614 614
Cdehg o : |
X Hol cn 4600 5350 5350 ,
Sande¢l]l sensitivity, 0.012 0.010 0.010

)Aﬁ' en™ 2

[ | Linit of determina- . L
; ticn b4 j'_‘:l"'/] 0.02 0.02 0.0%
L=

Concentration range

*mrrn BRoaot !

:.I'L.'_qubur s ].HW, ,I./l__,«]j 2 0.5=-11 0.5=11
pg ml- X ’

Cptimuwa cconcentraticn

# rAanoe ~ecmm Rinebom! g
{ I'inge Frenm l{l;ltjbr. m 8 :_)_,]U 1 .{‘-_;; B 1.4-8.8
el plot . pg ml™

Table 16. Calibraticn curve data for the jeteraninaticn of
mangonege by Mn(II)-HD:Oa aqueous gthanol and

rin(VII)-HDrBA aguecus ethancl and extracti

systens.

Mn{1I)~-HDPBa Mn(VII)-HD¥Bi i‘!u_(\fi I)=

. aqueous ethancl aquecus ethancl HDPBL
Concentraticn systen systom extraction
cf manganese systen

=/28 a2l o
MW/ % Tbhsorbance Lbsourbance ”bsdrpancu
at 625 na at 614 na at 614 na

x - 52 0.053
13,74 o 0.052 v 5%

A Nigii:
27.47 0.089 0.104 ).107

13 0.214
54, Ol 0.178 iffné |
109.88 0.361 L

U—"‘L\'_' {

/16"4‘.82 00555 b--‘;’: L .'_): "
219.76 0.714 e f-::‘
274.70 0.902 1.065 U7

229,64 1.051 Ene
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MITANCE (%)

TRANS!

./2.

| .
04
/‘#
‘/
*
A
-
#
50 /
j‘_q’
‘/
+
L 4
+
100 "
ﬂis —4 -
Log [Mn(11)] (Log Mn@1I)
; r ti termination
Fig.10 Ringoom's plot for the determin

of (A) Mn(VII) and (B) Mn(I1




[

T e AL 0w e, o ,

735

Table 17. Lraluation of precisicn of the methceds
Ain(11)/or MHn(VII)] = 8 X 1077 1
[HDEBA] = 2X 1070 M, ph = 8

Total nc Mean btandapd Relative
Methed of samples absorbance duviitiin ?t“ﬂiﬂri
avia-
tiun(%)
Mn(11)-HOPBA 6 0.269 0.01 4.4
aquecus ethancl
Mn(VII)-HDPBa
aquecus ethanol 6 0.424 0.006 1.6
Mn(VII)-HDPBA
LTl ol 6 0.415 0.004 0.9

cxtracticn

4.6, kffect of Foreign lons

o evaluate the selectivity of the newly ieveloped
extracticn method, the effects of several fureign icns on
the deterninatiocn of nanganese(VII) with HDPP. have been
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. lhese results clearly indicatce that aost
of the conmur. ions associated with aanganese in ores, 2lloys,
and biologi-al samples do nct interfere in the determination
cf manganese by the Mn(VII)-HUPBA extraction-spectrophotome-
tric method except V(V) and Ce(IV), which could still be
tolerated uptc cgual amounts. Yhe interference cf Fe(IIl)
upto 15-fold oxcess with respec
by masking it with fluoride.

t to nanganese wWas overcuas

4.7. napplicaticn

e the analytical applicability of the
actiun-spcctrophctoaetric methed for
as been applied tc the

to investigat
newly developed exir
the determination c¢f mangancse, it h
analysis of stecel, DICnze, ferrcaanga |
bince mangancse exists in lower sxidaticn

ck.mpounis the

nese, aanganin and tea-

powler samples. _
states in acst of its application has been
preceeded by selecting & suitable oxidizing agent for the

quantitative oxidation of Mn(IT) to Mn(VII).
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Table 18. Tolerance linit cf foruign icns in the deter-
ninaticn of Mn(VII) by MNn(V1I)-HDP». extraction |
systen
Cencentraticn ¢f Mn(VII) = 4ppMl 4 py= 7-€
Ion Telerance linit, ppa

2707, Cett(each) 4

2+ 30

sris £ \ ,
cu , Hg » N1 (cach) 40

2Cr c- 60

} 5 G- 2+ o o ety 8 160
m**, zr*", vos", Cr?'(esch)

Iy o 24 180
bn ' , Ba (each)

i ;"‘I I
EDT4,Be2t . pb“ (cach) 320

- 600
ca”

i 700

J_Uj_{_-:)J-
4 2 A+
Nat, kY, Ga2T, 827, A7
zn2*, NH}, NO3 MOy,
D % y
804, W04 , 8,05 » 104,
acetate, tartarate, e
vhthalate, citrate (eash)
- pod, 017, Li’
10, g St h) 2000°
cxalafe, burate (each, )
400C
¥ ¢ eOsfuls BCLEE S




a. Causes positive interference

when present in aacunts
orezter thun the tolersnce linit.
b. DMasked by 4000 ppa cof Fluoride icns

Bl

o
(p

t. o~ upto the indicated znount only

Oxidation of Mn(II) tc Mn(VIJ). Different oxidizing agents
such as Pboa, KgbZOr, NaBioﬁ, and KIO, ,
the quantitative oxidation of Mn(II) to Mn(VII).

were exaained for

P002 and K2b208 werc found to be unsuitable for the
quantitative oxidaticn of Mn(II) te Mn(VII) because these
«xidizing agents lead to incomplete oxidation f Mn(II).
Ocnsequently the excess Mn(II) reduces the hnU; foraed tc
Mn(VI), and MnO(CH), ppt is fcrmed during the ddjusteaent
of pH to 7-8 prior to extracticn.

N&BiO. was found to be effcective for the exidatiocn «f
Mn(II) tc Mn(VII) in strongly ncidic medium. However when
pH was aijusted tce 7-8, the execss Ha51u5, and 3i(bﬁ)5
were precipitated. Thus RuBiG5 was found t¢ be unsuitable
for the oxidation of 1Mn(II) te b~(VII) and its subscquent

jeteraination by the prepesed aeched.

KI(J‘,_L -as found to be the noLt efficient for the
quantitative oxidaticn of Mn(II) tc Mn(VII) and therefore
it was selected for further studies on the application of
the propused method.

Effect of the amount of KIO,. The effect of the amcunt of

KI0, on the oxidation cf Mn(II) and 1its subsequent extr-

acticn has been studied.

L i ] o wiad with varying amount Ol
The oxidation was performed with varying

0
t

. e Mnl TT)
r;104 while k< "ping the cuncentratlicn ol 1-..;{1.',
1215 (ﬁn:ﬁlu;) aclar ratic

It has been found that minimun of
oxidaticn ¢
mclar eEcess gave & gsimilar result.

. -y B on 1)
£ Mn(II) tc MnOy

ek

was needed for ccaplete

excess K10, upto 60-fold
Lbeve 60-fold molar exXcess, precipi
and below 16-fcld

tate fcrmation occured

—

during pH nijustcnbnt
£icn was not complete (Table 19) .

o)
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Ae = e : .\ [ .
It was alsou fcund that when extraction was performed

.. 318 A . - .
the acidic aediua (pH 4-7) using the optimum amcunt of KIO,,

ccler of the ccaplex changed from green tc brown and resulted

in a shift «f _ _ of the ccaplex. However when the Ma(VII1)
re¢sulting from oxidaticn of Mn(II) with KIO, wus extracted

e . & .
at pH 7-8 —esults cbtained woere identical with that of stand
ard hn@4 (Fig. 2). Yherefcre the extraction cf mnba from

sanple sclutions was carried out in the pH rgnge 7-8.

To verify the guantitative oxidaticn of Mn(II) with

KIO4 and its subscquent extraction three samples of peruman-
g.nate: (i) standard pernangonate scluticn, (ii) standard
pernanganate sclution aixed with pericdate sclution, and
(iii) peraanganate soluticn ¢btained from the oxidation cf
Mn(II) with KIC,, were malyzed and the results cbtained
were found to be identical (Table 20). These results
that excess periodate and its reduction produch
adverse effcet cn the extraction and

L

indicate
(iodate) have no
determinaticn of permangunate with HDPBa.

Table 19. Lffect of aancunt of KI0, on cxidaticnm of Mn(IT)

-2 Mn(VII) and its jeternination iwth HDFBa

Mn(11)/ = 1.5 X 40'4M, [HDPBs/ = 2 X ﬁG'Bm,pH=5

(KTO, usc 1 i
s ! Mn(I1)/ /KIC, absocrbance
for cxilation finl *j t € n
X 90+ M

- %
>
no
\."}1
o
I

18.8

1305 D812
225 - )

1:20 0.818
50.0 = NV

’1:~+C VO I

60.0
82.5
97.5 |
gxtracte

- -

Oy \N

N
(
.

ct
3

v 3 PR Jpe
} because of precipl

*+ Could not be
fornation in the

1 & 1823
a d‘.‘U\\_,L us ':'r; Lo »
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ievelcoped has been evaluated by deteraining th

nanganese present in artificially prepuared sample

"

ccupositicns are given below.

a) Manganese: 85% Cu, 3% Ni, 1% Fe, and 11% Mn.
) Mangonese bronze: 4.5 lMn, 0.005% p, 68k Cu,
0.10% £b, 1.00% Ni, 4% Fe,
0.,10% 5i and 14.7%n.
(¢) Ferromanganese: 9% Mn, 7.25% C, 1.25% 6i, O
and 21.1% Fe.

Table 20. Verificaticn of the quantitative cxidat

Mn(II) with KIO, and its subscqent extr:

with HDPBLA .
/HDPBL/ = 4 X 1077 U, Mn/ : [k1C,] = 1

b 3

7341

mt i
wil
N OCol ;
Vel Wil 4
L B~ 1
i ® ,‘r' bk L L]

o;:'rf\ i ¥

icn of

cticn

o A0

Lbsorbance at 614

. -J,;J1i=d v

Cuncentraticn of T
Mn(VII) ¢r Mn(II) Mn(II) FMnO, with
X 1021 oxidizel with added KIO,

, 10, '

MnO,, |

without

KI1C,

+

1.89 0.993 0.097
378 0.197 0.191
7 .56 0.405 0.400
11 . 34 0.606 0.599

0.199
0.401

0.604

15.12 0.813 0.80% 0.807
1041 1 (1
18.90 1.011 s
129% Mn und 88% Fe.

i) Monganese Steel:
&)

( . i P
(e) alloys Steel Saapie H0e €
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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 to Mn(226:1) was above the

masking lioit

(15:1). The results of the analysis arc sunmerized in T

Table 21.

isnalysis c¢f Tea Extracts. The propoused 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 alsco determined by shb 48

a standard methcd to ccmpare the results cbtained by the

newly developed method. The results are suaaerized in

Table 22.

These results indicate that about 9%

of aanganese frcn

tea powder is being extracted into water within 5 minutes

and prclenged and successive beiling increases the extra-

cticn of nangancse only slightly. fhe results obtained a

alsc indicate that every cup c¢f tea, i.c. preparcd by

¥

bciling 3 g of tea pewder in 300 ml of water centains

abcut 0.96 ag of mangancse.

In gereral, the experiaental results are 1in

aent with the actual values ani/or with the

ed by wub method.
o IR

precise and reliable and can be applied for

tion cof manganese in diverse suriplcse

trophctouetric Methods

gool agrec-

results obtain-

Hence, the newly developed methed is

the determina-

-

4.8. Compariscn with ©ther Bpec

ccaparative study of the propcsed @

-

leteraination of manganese with the recently
arl tc s<n

spectrophotonetric netheds 1n TEE

selectivity interns of &
} .in Table 22e

ko

interference, are SUmCIiZC

n.lar absorpticn cCcl

ictheds for the

o 4
reported
- - + s A
31C1V1LY Al
£4nd - n -
de e e o e e ah B
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allcys sanples

Tablc 21. Deterni A
Leterninaticn ¢f aunganese in  cynthetic

Nc. b‘mplb. Mn aldded MNMn fl.unl* RoD Relative
%) (c‘é) r%) error
(%)
’ ?anganln 11.00 10.94 0.90 0.58
ianganese 4,50 4.4 8 Y. DU
it 9 0.62 0.24
3 Ferrcaanganese 70.00 70.45 0.65 0.64
4  Manganesc
Steel 12.00 11.94 0.70 0.50
9 nllcys steel
samizle No. 0.295 0.29 0. 17
241/ g o
*+ .vergge cf triplicate analyses.
Table 22. Determinaticn ¢f aanganese in tea extract
( %% of tea pewder exteactel with 300 =2l

beiling water)

*Mn found, pg/g tea

Extraction .
condition Proposed aLB
method nfthoed
Single extraction A
for 5 ninutces 320 325
First extracticn r )
for 20 minutes %40 346
Seccnd extracticn !
for 20 minutes 19 .
Third extracticn b
fcr 20 minutes 9 ,
4 ~ N 4
Precisicn, s5D(%) -l ’

* ,verage of tripli

cate analyses.
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Table 23 shcws that the propesed extracticn-spectro-
phectonetric aethud for the letermination of nanganese is
fairly sensitive and highly selective as cumpared t it
of the methcds. Thus the proposed mnethed can be sclected
s a aethod for the determination of mengunese in divers
saaples.
Pable 23. The sensitivitice and selectivities of recently

recomaended spectrophutometric metheds for

nanganese determination

AN qax, nn,

B : Interfering Dafaronc
Reagent 1 mcl‘q cm_q pH e Refercence
2-05-br«mos2 k
pyridylazo)->5- 2 8.5 Cu(II),Co(I1), 17
iiethylaminophencl 127,000 *2 Ni(I1).2n(I1),
cr(III,V(IV),
Ti(IV)
Thicthencyltri- 375 7.3 35(112*9?%%%%* i
flucrcacctone 35,800 Cu(11),C¢ -
4-(2-thiazcylaze) 940 , nw .
r;éurcinol ¥ 2-12% 8.8 BDTa, 2
C((ll) 12"11(J~1)
cd(11),£b
L : 1 EDTa, oxalate
Ny s xyiyl) 610 9.4-10. ““E%i%iéii} 20
~ _-l-. _-7 'y :;l 3| V)l
Benaa gy (11), Fe(IiI)
o LS
Zn(I11 ,(,".,(il;' )
2,21—Bipyriiyl 525 5 10 §§(1:§,01£11J~ 15
with nitrophenyl- 58,00 EDTL ,P205"
azocatechcls o
- TTT ) nl( T1 3
Fellll ) QH\22
Isophthalchylrox= 4920 5 pb%ili},-ik%}l}n 23
nic acid 547 Ru(I111),Rn(I11)




Table 23 ccntd.

Annx, nm,

Interfering Refer-

Reagent oL mel”) e ! pH ions ence
1-(2=-quinolylazc) 575 5 22
-2,4,5-trihyiroxy- 67,000 9. b

benzene

NiHyerxy-Nq,Ng-iiaryl 620-635 xalate DT,

substituted-p-tclu-

anicines

Lthylene-bis
(triphenyl-
phcsphomiua)
cation

Bylicylaldexine

K-butylxanthate

Nj{yircxy-Nq,lg

iiphenylbenzaaidine
extraction uethcd

5220-7550 8.5-10

548 6
2380
4403 9.2
1-9

457, 6459
2-10

614 -G
5350 %.5=9.5

cu(I1),Ni(11),
Cu(II%,Hi(11),“°
Fe(il)

Cyanide ,uDTAL
thicsulphftu 12
and relucing
agents

Cu(II),Co(II),
Ni(I1),2n(11)y 4¢
cr(I11),V(IV),
Ti(ZV).

b 14
LIy Beonus
= . rki‘yb"'
f(v),&l ed ;
CG(I#) aethed

-1
a Linear range, &g 21

dean be tolerated upto amc

PNot given. ®asked by flucride.

unts egqual t< nanganéesc.




5% CONCLUTIONRN

with hDPBi. have been developed for the deteraination of
nangancse by solvent extracticn and spectrophotoactry.

|
Ik o P D e e ias L
N '-Hydrcxy-N ,N“-diphenylbenzamiline (HDPB.) has been
fcund tc¢ react with both Mn(II) and Mn(VII) under differcnt
ccenditions foraing different cooplex species.
4 new methed based ¢n the complex formaticn of Mn(VII)

8 The methed is simple, predise, accurate, and frec frem fhe
_ rigid control cf experinental variubles. %The method 1s alsc
fairly sensitive and highly sclective and could be applied
for the determinaticn of trace saount of manganese in diverse

amples.

B2 | B
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