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I 2-Diaminocyclohexanetetraacetic acid (DCT A) 
, has been used previously for the determination of 

iron(III)1• 51 , vanadium(IV) 8 and thorium(IV) 6 • 

In the present communication, its use has been 
extended to the visual and/or spectrophotometric 
determination of mansanese(II), cobalt(II) and 
nickel (II). 

Experimental 

Reagents: DCTA (Koch-Light), manganese(II) 
sulphate tetrahydrate, cobalt(II) sulphate heptahy­
drate (BDH, AnalaR), nickel(II) sulphate hexahy­
drate, succinimide (E. Merck), thymolphthalexone 
(Koch-Light), catechol violet (BDH) and pyrogallol 
red (SD'S) were used as such. All other chemicals 
used were of guaranteed purity. Double distilled 
water was used throughout. 

Solutions : The solutions of OCT A (0.005-0.05 M), 
manganese(II) sulphate, cobalt(II) sulphate, nickel(U) 
sulphate ( 5 x 10-a M) and manganese ore (0.2 g/1 00 ml) 
were prepared and standardized or the manganese 
content estimated by the reported methods a-or. 

Apparatus : The pH of the solutions wa11 
measured with an ELICO model LI-10 pH meter. 
The spectrophotometric titrations were carried out 
using Specord UV VIS spectrophotometer and Beck· 
man DU spectrophotometer using 1 em cellls. 

Visual determination of manganese(II) : The 
solutions of ascorbic acid ( ~ 1 ml, 0.1 %) , tartaric acid 
(-1 ml, 0.1%), thymolphthalexone indicator (10 
drops, 0.05%) and sodium carbonate-hydrochloric 
acid buffer (-3 ml) of pH 9.75-10.50 were added to 
an aliquot (0.5-10 ml) of manganese(II) sulphate 
solution. The content were titrated with standard 
OCT A solution to a colour change from blue to 
almost colourless. 

An aliquot (0.5-10 ml) of manganese( II) sulphate 
solution and solutions of triethanolamine ( .... 1 ml, 
8%). hydroxylamine hydrochloride ( -1 ml, 2%) and 
catechol violet indicator ( 1 drop, 0.1 %) were titrated 
with standard DCT A solution in the pH range 
9.75-10.50 to a colour change from bluish green to 
violet. The pH was adjusted with ammonia-ammonium 
ctiloride buffer (--3 ml) of required pH. 

Visual determination of cobalt(Il) : An aliquot 
(0.5-5 ml) of eobalt(II) sulphate solution containing 
100,.(, succinimide solution ("""'5 ml) or pyrogallol red 
(10 drops of saturated solution in 50% ethanol) 
indicator was titrated with standard DCT A solution 

after adding ammonia-ammonium chloride buffer 
(2-5 ml) of pH 9.5-11.0 and 9.75-10.5 to a sharp 
colour change from blue to colourless and from blue 
to red, respectively. 

Visual determination of nickel(II) : An aliquot 
(0.5-5 ml) of nickel(II) sulphate solution containing 
solutions of pyrogallol red (10 drops) and ascorbic 
acid (--5 ml, 0.1%) was titrated with standard DCTA 
solution after adding ammonia-ammonium chloride 
buffer (.-5 ml) of pH 10.0-10.1 to a sharp colour 
change from blue to violet. - '" · '• 

~~~. ~~~ 

An aliquot of , manganese(ll), cobalt(II) or 
nickel(II) sulphate solution containing calcium(II), 
strontium(II) or barium(II) ions (2 ml, 5 x I0- 8 M) 
was treated with potassium fluoride solution (3·5 ml, 
1.2%) to mask these ions and the content was titrated 
against standard DCTA solution after buffering to 
proper pH. The interference due to copper(II) was 
dealt with by adding required amount of thiosul­
phate solution to an aliquot of these ions containing 
copper(II) solution. Lead(II) was removed by filter­
ing off the precipitate of lead(II) sulphate formed 
by adding sulphuric acid (-I ml, 0.5 M). The 
interference of mercury(U) (2 ml, 5 x 10-8 M) was 
dealt with by adding potasiium iodide solution 
(-4 ml, 1%) before adding the buffer. 

In the determination of manganese(II), the 
masking of silver(!), zinc( II), cadmium(II), cobalt(ll) 
and nickel(II) ions (l ml, 5 x to-eM) was carried out 
by adding potassium cyanide solution (3-4 ml, 1%) 
and hydroxylamine hydrochloride solution (,...., 1 ml, 
2%) to a solution of manganese(II) sulphate contain­
ing any of the above five metal ions. Iron{III) was 
removed by adding zinc oxide suspension to an 
aliquot of manganese(II) sulphate solution contain­
ing iron{III) ions. The iron(III) hydroxide so prep 
cipitated was filtered off and the resulting :filtrate 
titrated as above after masking zinc(II) ions with 
potassium cyanide solution. An aliquot (5-10 ml) 
of manganese ore solution was titrated with DCT A 
according to the above procedure after the removal 
of iron(III) with ~inc oxide suspension. 

Spectrophotometric determination ofmanganese(W 
and cobalt(ll) : An aliquot (1·2 ml) of cobalt(II) 
solution and succinimide ( ...... 0.5 g), or that of 
manganese(II) solution (1-5 ml), triethanolamine 
("""' 1 ml, 8% solution), hydroxylamine hydro­
chloride solution ( -1 ml, 2%) and thymolphthale­
xone (10 drops) or catechol violet (1 drop) indicator 
was titrated with r.tandard DCT A solution in the pH 
range 9.75-10.50 at 590, 625 or 680 nm, respectively 
(Fig. 1). The absorbance was measured after each 
small addition of DCT A solution, corrected for 
dilution and then plotted as a function of the volume 
of DCTA added. The equivalence point was 
obtained by extrapolating the straight lines (Fig. 2). 

These titrations were repeated at least five times 
at each concentration level with and without adding 
foreign ions. 
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Results and Discussion 

A perusal of the results presented in Tables 1-5 
suggests that DCT A reacts with manganese(II), 
cobalt(II) or nickel(II) in I : 1 molar ratio under 
the experimental conditions. The colour change at 
the end point in all these titrations is quite sharp 
indicating that there is no stepwise formation of 
successive complexes. The titration procedure is 
simple and consumes very little time. As little as 
0.14, 0.13 and 0.13 mg of manganese(II), cobalt(II) 
and nickel(II), respectively can be quantitatively 
determined. 

The blue, bluish green and blue complexes for­
med by manganese(ll) with thymolphthalexone or 
catechol violet and by cobalt(II) with succinimide in 
the pH range 9.75-10.50 have maximum absorbance 
at .-.625, 680 or 590 nm, respectively (Fig I). The 
corresponding DCT A-metal complexes do not show 
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significant absorbance at these wave lengths. Since 
the DCT A-metal complex is stronger than metal· 
indicator complex under the experimental condi· 
tions, the colour of the latter disappears gradually 
as the equivalence point is approached in the titra· 
tion of metal-indicator solution with DCT A. After 
the equivalence point, the absorbance remains 
almost constant (Fig. 2). The standard deviation in 
spectrophotometric titration is less than that in the 
visual method. 

The spectrophotometric titration of nickel(II) is 
not carried out due to non-availability of a suitable 
indicator. 

Interferences : Interfering effect of the metal 
ions depends primarily on the difference in condi· 
tiona! stability constants of the various metal ions 
present in the solution. In the present study, it is 
observed that manganese(II), cobalt(II) or nickel(II) 
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Fig. 1. Absorption spectra of metal ioa- indicator complexes and DCTA-mete.l ion complexes . 
.l: 1.4SX lo-• M :Manganese(II), 8% Triethanolamine, la% Hydroxylo.mine hydrochloride, 0.05% Thymolphthaluone 

indicator, .f'H 10.00,1.82x 10-1 M DCTA. 
B: 1.4Sxto-• M Manganese(II), 8% Triethanolamine, 2% Hydroxylamine hydrochloride, 0.05% Thvmolphthalexone, 

.f'H 10.00, 1.89 X to·• M DCTA. 
0: 1.4Sxto-• M Manganese(II), 8% Triethanolamine, 2% Hydroxylamine hydrochloride, 0.1% Ca.techol violet. 

fiH 10.00. 
D: 1.48 x ur• M !.-Ianganese{II), 8% Triethanolamine, 2% Hydroxylamine hydrochloride, 0.1% Catechol violet, 

.f'H 10.00, 1.82 x 1<r1 M DCTA. 
E : 2.50 x 1 o-• M Cobal t(II), 0.6 g Succlnimide indicator, flH 10.6. 
F : 2.50 x to-• M Cobalt(II), 0.5 g Suooinimide indicator, 1.77 x 10-• M DOT!, ,PH 10.6 ; Path length 1 om. 
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l'fl, I. Bpeotrophotometdo tltra.tion1 of metal ton• with DaTA u1lng metal ohromlo indi011ton. 

Ourve I and II : Titrations of mangan&~e(II) (2.00 ml, IS x 1o·• M) with DOTA u11lng 

thymolphthalexone indicator a.t 625 nm (Q-0) and 
catechol violet indicator at 680 nm (A -A). 

III: Titration of oobalt(U) (6.00 ml, 5 x 10-• .V) with DOTA usingauooinimide lnclioator 
a.t 590 nm (8-[!J). 

'l!A.Bt.JC 1-VISUAI. D&'tlCB.IIUII'A'riON 01" MANGANJCSJC(II) 
(Table 1 eontd.) 

WITH DO'l!A IN P&JCSJCNCJC OP VAB.IOUS IONS USING Sr ... 
'l!BY!IriOI,PB'tBAI.lCXONK AllfD 0AT£CBOI. O.M o.u o.u• o.u 1.0 0.9 

VIOI.£'t INDICA 'rOB.S 19.16 1.65 1.611" 1.611" u 1.1 
Ion J.mount of manpnese(II) Standard deYiation 39.91 U7 !US" !UV" 1.11 1.11 

added Talon mg X101 
Ba'+ IDI Found ustn1 'l!hymol- Oeteohol 

ifh:rmolphtba- Oatechol phlhalezone violet 0.67 0.!17 0.!17" 0.517" u 1.11 
lexone violet 110.6!1 1.611 1.68* 1.68" Ul 1.1 

o.u o.u 0.14 1.0 1.1 61.'15 !U7 U9" - Ulr' 1.1 1.0 

1.87 1.87 1.87 1.0 0.9 aa•• 
1.715 1.'14& 1.'111 1.!1 1.0 o.n 0.41 0.!&1" o.u· 1.0 0.8 .... 6.98 1.09 1.07" 1.08" 0.9 0.9 

1.85 0.69 0.88* 0.69" u 1.3 u.so l.~U 1.1111* 1.5111" 1.0 1.11 

17.67 1.'19 J.80" 1.81* 0.9 1.4 1-I'g .. 
411.95 11.84 !1.88" !1.95" 1.0 1.1 11.50 1.&1 1.110* 1.6!1* u 1.0 
zn•• 97.!15 11.06 !1.06* !1.08" 1.!1 1.9 
0.66 0.115 0.65* 0.64.* 1.0 1.!1 911.90 !1.60 !1.61" !1.6!1" 1.() 1.!1 
8.15 1.97 1.88" 1.98" 1.1 1.8 Pb•+ 

!18.18 uo !1.19* lUO" 1.!1 1.0 8.09 0.8!1 O.Sil* 0.811" 1.4 1.8 
Od•+ 16.10 1.65 1.66" 1.67" u 1.0 

0.84. o.u o.u• o.u• 1.4 1.9 99.17 ~U7 lU8" U9" 0.9 1.1 

19.64. 1.92 1.90* 1.91" 1.11 1.1 Fa•• 
ISo.liS U7 !1.46" Sl.!l7" 1.IJ 1.11 0.66 0.66 O.ISIS" 0.54" 1.0 1.9 
a.n 7.68 l.lil 1.62* 1.1111* u 0.9 

0.4.0 0.66 0,156* 0,116• 1.2 1.9 26.68 !1.61 ~.as• 11.69" 1.!1 1.1 

'-99 1.87 1.ss• 1,88° 0.9 u * After masking/removing the interfering lana. 
18.GI 9.110 ·~.ta• 2.19" ·1.0 1.1 

'" 
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TAB I.'S 'l-VISUAI. AND 8PBCTROPHO'l'OM"S'l'RIC D&'rBR­
MINA'l'ION OF COBAI.T(II) WI'l':B DCTA IN PRJtSBNCJC 011' 

VARIOUS IONS USING 8UCCINIMIDB INDICATOR 

Ion Am~unt of cobalt(Il) mg __ Standard deviation 
added Taken Found x 10• 

mg Visually Spectrophoto- Visually Speot~ 
metrically tometrically 

0.15 0.15 0.15 1.!1 O.'l 
0.81 0.81 0.81 1.1 0.8 
1.4.7 1.4.6 1.4.7 1.9 0.4. 

Ag+ 

0.81 
2.69 
1!.88 

ea•• 
o.so 
1.111 
7.01 

Sr ... 

0.88 
6.11'1 

n.91 
Ba,U 

uo 
3.48 
6.86 

OuH 

0.44 
1.4'1' 
U7 

o.u 
0.74 
1.0S 

0.1!9 
0.88 
1:.47 

o.M! 
1.47 
U'f 

0.99 0.!!9 
•. 75 OJ!!! 

11 91 1.11 

HgH 

t.'l'> n 87 
12.110 0.7. 
41'.'l0 1.18 

Pbt+ 

1.04 O.'l9 
2.59 0.74 
4.66 1.83 

La ... 
1.04 
!!.47 
6.91 

s•-

0.44 
U7 
1.4'7 

0.44 
1.45 
interferes 

0.1!!! 
1.46 
interferes 

0.1!9* 
0.8R* 
1.19" 

0.117* 
0.73* 
l.lR* 

0.29. 
0.'14* 
l.!lli* 

interferes 1.4 
interferes 1.8 
interferes 

interfere& 1.4 
interferes 1.4 
interferes 1.3 

Interferes 1.2 
interferes 1.1 
interferes 1.0 

O.&'l 1.1 
1.47 1.0 
in tetfer!!l 

interferes VII 
interferes 1.2 
Interfere• 1.3 

interfere• 1.1 
interferes 1.4 
interfere~~ 1.~ 

in terferea 1. 'A 
interferes 1.0 
interfereR 1. 'I 

o.u 0.4£ 1.11 
1.!~5 1.46 1.11 
interfere• interferea 

o.:ao o.s7 o.s7 0.87 u 
0.80 1.47 1.48 1.47. 1.3 
1.60 1.47 interferes interferes 

• After masking/removing the interfering ions. 

0.3 
0.4 

o.s 
0.4 

O,IS 
0.4 

T~RLB 3-VISUAI. DB'l'KR.MINA'I'ION Ol' 00BAI.'r(II) AND 
NICKBL(II) WITH DCTA IN PR.E~:SNCK 01' VAJlJOU~ 

IoNS USING PY!ii.OGAI.I.OL RBD lNDICA'l'OR 

Ion 
a.dded Amount taken 
mg mg 

Ag+ 

l.Sll 
2.69 
5.88 

'll4 
' 

eo•· Ni ... 

0.15 
0.88 
1.47 

0.66 
1.47 
Vl7 

0.11! 
0.73 
14'1 

0.66 
1.47 
1.47 

Amount found 
ma 

Standard deviation 
xto• 

0.15 
0,87 
1.46 

0.15 
0.78 
1.45 

1.11 
0.8 
1.1 

0.66 0.66 1.2 
1.45 1.45 1.9 
interferes i~Jterferetl 

1.8 
1.2 
1.1 

1.11 
1.8. 

oa•• 
0.20 
1.60 
,,01 
Sr ... 
1.09 
8.'16 

19.'11 
BaH 
1.20 
IUS 
6.86 
au•+ 
0.,0 
0.8'1' 

11.9'l 

Hg•• 
1.1111 

1l.'l8 
39.60 
Pb' .. 
f..U 
tUO 
4..9'l 

s•­
o.so 
0.80 
1.60 
ro:-
8.60 

47.88 
~86.89 

O.'l9 
0.4.4 
0.59 

0.74. 
1.18 
1.88 

0.62 
1.47 
1.47 

0.8'1 
0.81 
1.11 

0.87 
0.66 
0.96 

1.18 
Ul! 
1.40 

0.9'7 
1."7 
1.4'7 

0.44 
0.81 
1.25 

0.51 
0.66 
1.10 

0.!!9 
1.4'1 
1.4.7 

0.16 
0.88 
1.08 

o.u 
1.17 
1.82 

0.8'7 
0.78 
1.89 

0.15 
1.47 
1.4'J 

0.119 
0.88 
1.811 

(Table 3 contd.) 

0.28* 
0.48* 
0.68* 

0.'78* 
1.18° 
1.82* 

0.51* 
0.66° 
1.11* 

0.62 0.!!9 
1.46 1.45 
interferes interferes 

0.8'7* 0.111* 
o.8!!* o.a8* 
1.10" 1.04. 

0.87* 0,,,. 
0.66* 1.18* 
o.97'" 1.sa• 

1.0 
09 
1.4 

1.2 
0.9 
1.8 

1.11 
1.1 

1.1 
1.0 
1.1 

1.1 
1.0 
1.1 

l.B 
1.11 
1.4 

0.86 O.Hl 1,1 
1.46 1.4.9 u 
Interferes interferu 

0.1111 0.119 
1.46 0.88 
Interferes 1.83 

1.8 
u 

u 
1.8 
u 

1.1 
u 
1.8 

1.1 
u 

1.!1 
1.1 
1.4 

1.1 
u 
u 

1-' 
1.8 

1.1 
1.1 
1.9 

• After masking/removing the interfering ions. 

TABI.B 4-VISUAL Dl£TltR1141NA.'tlON OP A BINARY MIX'l'URB 
OP MANGANBSB(II) AND 00BAI.T(II) WJ'l'B DOT! USING 

THYMOJ,PBTHALBXON:S AND CA'l'ECBOL 
VIOLJI:T INDICATORS 

Indicatln Amount ta.ken, Amount found, Standard d~viatlcm. 
rng mg Xl01 

Mn.,. Co•+ ~In•+ Cow+• Mn;. Co;. 

Thymol- 0.82 
phthalexone '1,65 

2.47 

Catechol 0.117 
violet 1.65 

2.61 

0.59 
1.18 
2.47 

0.59 
0.88 
1.18 

0.83 
1.66 
2.44 

0.11'7 
1.64 
2.63 

0.59 u 
1.18 1.!! 
11.110 1.1 

0.59 1.1 
0.88 1.11 
1.19 1.4 

u 
1.8 
1.1 

u 
1.0 
u 

• From difleren ce in titration values in presence and 
absence of the masking agent. 

TA.BI.Jt 11-VtSUA.I. DB'l'BRMINATION Ol' A BINAlil.Y MIXTUIIB 
Oil MANGANJtSJt(Il) AND NICKI:CI.(Il) WITH DCTA USJJIIO 

TBVMOLPBTBAI,ltXO:!oolt AND C.,'l'BCBOL 
V:tOI.lt'l' INDICATORS 

Indicator Amount taken Amount found Standard devia~ioll 
mg mg xlO' _ 

-:-:M'n'•"'+,..=~N~i"'•-r+· Mnu Ni•+· Mn 1 + Ni'+ 

Thymol- 0.55 
phtb.a.lexone 1.65 

2.75 

Catechol 0.82 
violet 1.9'7 

'l.75 

0.29 
0.88 
1.18 

O.ll9 
0.88 
1.47 

0.55 
1.66 
'l.7S 

0.81) 
1.36 
!!.77 

0.213 
0.88 
1.19 

0.68 
0.88 
l.i6 

• From difference in titration values 
absence of the masking agent. 

1.1 1.8 
1.0 1.1 
1.2 1.0 

1.ll u 
1.0 0.8 
1.9 0.9 

in p:eaenoe and 
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is determined quantitatively in presence of 100 times 
as much of lithium, sodium, potassium, fluoride, 
chloride, iodide, nitrate and sulphate ions. Equi­
molar amount of barium(II) ions is bearable in 
these titrations except when thymolphthalexone is 
used as indicator in the determination of manganese. 
Upto 100 times excess of phosphate does not interfere 
under the experimental conditions except in the 
determination of cobalt(II) employing pyrogallol 
red as indicator where only 20 times excess is 
bearable. Upto 100 times excess of thiosulphate 
does not interfere in these titrations except when 
succinimide is used as indicator in the estimation 
of cobalt(II) where even its traces interfere seriously. 
Equimolar amount of silver(l) ions is bearable in 
visual estimation of cobalt(II) or nickel(II) though 
a precipitate of silver hydroxide is formed. However, 
it interferes in the determination of manganese(II). 
Lanthanum (III) interferes except in titration using 
succinimide as indicator in the determination of 
cobalt(II)" where even its equimolar amount causes 
no interference. 

Magnesium(II), nickel(II) and cobalt(II) ions are 
co-titrated with manganese(Ill quantitatively and 
thus interfere in these titrations. The amount of 
DCTA used is exactly the same as that required for 
the sum of any of these ions present and manga­
nese(IIJ. However, the titration is not possible in 
the presence of higher amounts of cobalt(II) and 
nickel(II) because the end point can not be detected 
accurately due to their intense colour. Calcium(II), 
strontium(II), copper(ll), mercury(II), lead(II). 
zinc(II), aluminium(IIT), iron(III), chromium(III) 
and thorium(IV) interfere seriously in these titra­
tions. 

In visual titrations, calcium(II), strontium(II) 
and barium(II) ions are masked with potassium 
fluoride solution as their slightly soluble fluorides 
do not interfere. Copper(II) and mercury(II) are 
masked with thiosulphate• and potassium iodide, 
respectively when non-interfering copper(II)-thiosul­
phate complex or [Hgl.,l 11 - complex ion is formed. 
Lead(II) is precipitated out as its sulphate with 
0.5 M sulphuric acid and removed by filtration. 

In the estimation of manganese(II), the masking 
of silver(!), zinc(II), cadmium(II), cobalt(II) and 
nickel(U) is effected with aqueous potassium cyanide 
solution and hydroxylamine hydrochloride when 
the corresponding stable cyano·complexes of these 
ions are formed. Potassium cyanide does not form 
~ complex with manganese(ll) under the experi-

JtCs-11 

mental conditions. Since hydroxylamine hydrochlo­
ride is already present in the t\trations using catechol 
violet as indicator, addition of more of this reagent 
is not required. The method is thus utilized for 
the analysis of a binary mixture of manganese(II) 
with cobalt(Il) or nickei(II). The interference due 
to iron(III) is removed by adding zinc oxide suspen­
sion and filtering off the precipitated iron(III) 
hydroxide. The excess zinc oxide is masked with 
potassium cyanide. 

The method is of particular significance for the 
determination of manganese(II) in its ore. The 
method is simple and no vigorous shaking and 
heating (80-90°) are required unlike the conventional 
potassium permanganate titration method. Iron(III) 
is removed before estimating manganese(II) accord­
ing to the procedure mentioned above. Other 
constituents of the manganese ore do not interfere 
in the titration. Manganese(II) is thus estimated in 
manganese ore with± 0.55% error (Table 6). 

TABL"S 6-D&'l'l!:RMINA'l'JON Ott MANGANSSB(Il) IN 
:M:ANGANBs:a: ORa WITH DCTA UsiNG TsvMox.­

PR'l'RAI.BXON:S: AND CA'l'll:CBOL VIOLB'I' 
INDICATORS 

Manganese(II) found 
mg 

Reported Thymol- Catechol 
method phtha.lexone violet 

892.97 
390.22 
889.06 

390.7!1 
391.42 
390.88 

890.81 
391.98 
39o.52 

%Error 

Thymol­
phthalexone 

-0.515 
+0.31 
+0.47 

Ca.techol 
violet 

-0.56 
+0.45 
+0.38 

An attempt to mask other interfering ions with 
common masking agents is not successful. 
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