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Liquid -liquid extraction of manganese(II ) has been calTied out 
in the presence of ammo nium su lphate with Cyanex 301 in 
to luene . Mn(l!) is quantitatively extracted in the pH range 7.0-9.5 
in presence o f 1.0 M ammonium sulphate with 5x 10-3 M Cyanex 
30 1 in to lue ne . Mn(Il ) from the organic phase is stripped with 1.0 
M H2SO I. Vari ous parameters like reagent concentration, time, 
effect of d ilu ents and tolerence limit of diverse ions have also 
been . tudi cd . MIl(JI ) has been successfu lly separated from 
commonly associ ated metals like Cu(II) , Ni(II) and Fe(III) . The 
method has been employed for determination of Mn(II) in real 
samples. 

Manganese(II) has been ex tracted with 0.15 M 
th ionyltri fl uo roacetone in the pH range of 6.7-8.0 
from acetone-benzene mixture l

. Among 
organoph osphorous reagents HDEHp2

, TBP' and 
TOP0 4 are kn own to ex tract Mn(II) whi le Cyan ex 

- 6 
272' and Cyanex 302 extract Mn(II) from sulphate 
media. With tri-n-butyl sulph ide in CCl4 the 
extracti on of Mn(Il) was negligible even after shaking 
for 30 min 7 Extracti on behaviour of some 3d­
tran sit ion metals using Cyanex 9258 and Cyan ex 
30 I 9. 10 as extrac tants were investigated . However it 
was observed that these methods suffer from 
limitation s like critical pHS, high reagent 

. 6 ') 10 . :l d' rf I concentratton .. ,poor extractIon' an 1I1te _erences . 

Experimental 
A GBC 9 1 I A UV -visible spect rophotometer with 

10 mm Corex quartz cuvettes and Systronics MK VI 
combined d ig ital pH-meter were used . 

Cyanex 30 I (Cytec Canada Inc.) was used directly 
without furth er purification . Stock solu tion of Mn(II) 
was prepared by di ssolving MnCh AH20 (3.602 g) in 
I L of di still ed water containing 5 ml of conc HC!. 
The solut ion of Mn(II) was standardised 
complexo ll1etrically with Eri ochrome Black T as 
indicator l l

. Working standard solutions. of Mn(II) 

were prepared by appropriate dilution of the stock 
solution. 

General procedure 
An aliquot containing 100 J..I.g of Mn(II) and 1.0 M 

ammonium sulphate was taken . The pH of the 
resulting solution was adjusted to 8 .0 using di!. 
hydrochloric acid and ammonia solution. The total 
volume of the aqueous phase was made up to 10 ml to 
which an equal volume of 5xlO-3 M Cyanex 301 in 
toluene was added. The two phases were allowed to 
settle and separate after a shaking period of 6 min. 
The Mn(ln loaded organic phase was stripped with 
1.0 M H2S04 and then Mn(JD in the aqueous phase 
was determined spectrophotometrically by potassium 
periodate method l 2

. 

Results and discussion 
The optimum conditions required for the extraction 

of Mn(1I) were found by varyi ng the pH (2.0-10.25) 
(Fig. I) and Cyanex 30 I concentration (lx 10-4_ 

Ix 10-2 M ) di ssolved in to luene. The extraction was 
found to be quantitative in the pH range 7.0-9.5 whi le 
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Fig. 1-%£ verses pH for extracti on of Mn(II ) with 5x 10-3 M 
Cyanex 30 I in toluene in presence of 1.0 M ammon ium sulphate 
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the minimum concentrati on of Cyanex 301 required 

for quantitati ve extraction was 5x I 0-3 M . By using 
the slope analysis method the metal to reagent 
sto ichiometry, Mn(II) : Cyanex 301,was found to be 
1:2. 

The recovery of Mn(II) from the organic phase was 
carried out using different acids such as HCI , HCI04 , 

HNO, and H2S04 . Quantitative stripping was 
observed wi th 1.0 M HCI , HN03 and H2S04 and 2.0 
M HCI04 respecti velY. However, 1.0 M H2S04 was 
used as a stripping agent for further experi mental 
studies. The minimum shaking time required for 
comp lete extrac ti on of Mn(II) was found to be 6 .0 
min. with no adverse effect on the percentage 
ex traction o f M n(lJ) for longer shaking periods. 
Var ious sa lling -out agen ts such as sulphates of K+, 
Na +. Mg2+ and A11+ were tried for ex traction of Mn(lI) 
amongst wh ich 1.0 M ammonium sulphate was found 
to be the most suitable sa lting-out agent as it provided 
a hi gh ani on concentrat ion in the aqueous phase. The 
effect of several ions on ex tract ion of Mn(II) was 
studied wit h Cyanex 30 I in toluene and the to lerance 

limit was set at the amount causing an error of ± 2% 
on weight basi s. It was fou nd that alkali and alka line­
earth meta ls were tole rated in the ra tio of I :50 and 
I :20 wh ile anions like chloride, bromide, iodide, 
sulphate, sulphite, nitrate , nitrite, thiocyanate , 
tartarate and perox ide were tolerated in the ratio of 
I AO.Si miiarl y tolerance limit for Be(II),V(V) and 
InOl! ) was found to be I :5 ,while for Cu(II), Cd(II), 
Co(ll) and Ni(II), it was 1:4, 1:3, 1:2 and 1:1 
respecti vely. 

Separa lioll of Illan~allese(ll) from multicomponent 
lllixl 'lres 

A mi xture of Cu(II) and Mn(II) was separated by 
first ex tracting Cu(ll) in 0 .5 M HCI with 8x 10-3 M 
Cyanex 30 I in c hl oroform whi le Mn(IJ) which 
rema ined in the aqueous phaSe was ex trac ted at pH 
8.0 in the presence o f 1.0 M ammonium sulphate with 
5x I 0-3 M C:yanex 30 I in toluene. Copper(U) was 
measured d irect ly in the organic phase at 440 nm 
while Mn( ll) was stripped from the organic phase 
wit h 1.0 M H2S04 and the n dctermi ned 
spectrophoto metrical I y. 

Ni( lI) and Mn (Il ) were separated by fi rst extracting 
i(l !) at pH 8.0 w ith 5x I 0-3 M Cyanex 30 I in 

chl oro form whil e Mn (TI) remained in the aqueous 
phase . Mn (! !) was then extracted at pH 8.0 in 

presence of 1.0 M ammonium sulphate with 5x10-3 M 

Table I-Separation of Mn(l [) from multicomponent mixtures 

Metal Cone, Aqueous Stripping Recovery, 
ions Ilg phase agent % 

Cu(II) 25 0.5 M HCI 100.00 

Mn(H)t 100 pH=!i.O 1.0 M H2SO4 99 .75 

Ni (JI ) 20 pH=8.0 100.00 

Mn(JI )t 100 I .O M H2SO4 99.75 

Fe(IlI ) 50 pH =2.0 2.0 MHCI 99.80 

Mn(lI )t 100 pH=8.0 1.0 M H2S0 4 99 .75 

Cu(1l) 25 0 .5 MHCI 100.00 

Fe(IIl ) 50 pH=2.0 2.0 MHCI 99.80 

Ni(lI ) 20 pH=8.0 100.00 

Mn(ll) j lOO I.O MH2S04 99.75 

tExt raction of Mn(lI ) wa~ carried out in presence of 1.0 M 
ammoniu m sulphate 

Table 2-Analysis of manganese(lI ) in real samples 

All oys Mn(ll ). % Recovery,% 

Cert. Foundt 

Pyrolusite 63.2 62.9 99.52 

EN 36A steel 0.300 0.297 99.00 

Monel metal 2.0 1.98 99.00 

tAverage of three determinations 

Cyan ex 30 I in toluene. Nickel(II) was measured 
directly in the organ ic phase at 340 nm whi le Mn(II) 
was stripped from the organic phase with 1.0 M 
H2S04 and determined spectrophotometrically. 

In a mixture containing Fe(III) and Mn(II) the 
metal ions were easily separated from each other by 

extracting Fe(III) at pH 2.0 with 5x 10-3 M Cyan ex 
30 J in chloroform followed by extraction of Mn(II) in 
the presence of 1.0 M ammonium sulphate at pH 8.0 

wi th 5x I 0-3 M Cyan ex 30! in toluene. Fe(III) and 
Mn(II) were measured spectrophotometric ally after 
stripping the organic phase with 2.0 M HCl and 1.0 M 
H2S04 respectively. 

In mixture containing Cu(lI) , Ni(ID, Fe (III) and 
Mn(I1) , each component could be resolved by fi rst 
extracting Cu(U)in 0.5 M HCI with 8x10-3M Cyan ex 
30 J in ch loroform then extracting Fe(III) at p H 2.0 

with 5x 10-3 M Cyanex 30 I in ch loroform followed by 

ex tract ion of Ni(U) at pH 8.0 with 5x 1 0-3 M Cyan ex 
30 I in chloroform. Copper(1I) and nickel(II) were 
determined directly in the organic phase at 440 nm 
and 340 nm respectively. However Fe(III) and M n(II) 
were stripped from the organic phase with 2.0 M HCI 
and 1.0 M H2S04 respectively ( Table 1)_ 
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Application to real samples 
The proposed method was extended for the 

determination of Mn(II) in real samples like 
pyrolusite, EN 36A steel and Monel metal. The 
values obtained are in good agreement with the 
certified values (Table 2). 

The proposed method of separation is simple, rapid 
and selective over the earlier existing methods. It 
requires lower reagent concentration, lower stripping 
agent concentration, can tolerate large amount of 
diverse ions and requires less than 15 min. for the 
estimation . 
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