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A rapid and sensitive method for the separation and determination of titanium and iron in thiocyanate system has
been developed. The extractability of Ti(Il) by high molecular weight amine (HMWA) in organic solvent (CHCI,)
and its separation from Fc(H1) was examined. The yellow coloured complex of Ti(lI)-SCN is quantitatively extracted
into the organic phase containing tribenzylamine (TBA)- a high molecular weight amine, whereas the blood red
coloured complex of Fe(III)- SCN formed under the same conditions gets separated in the aqueous phase. On the
basis of the selective extractability, a method has been developed for the separation as well as simultaneous determi-
nation of Ti(1I) and Fe(III) in presence of many other elements. The molar extinction coefficients were found to be
1.9 x 105 I mol" ern" and 1.11x IOS I mol' I em:' respectively for Ti(JI) and Fe(III). The extractability of the complex of
Ti(Il)-SCN by HMWA suggests that the colourcd species is anionic in nature. The method developed was success-
fully applied to the determination of titanium in Cherat volcanic ash.
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Introduction
The use of high molecular weight amines (HMWA) as liquid
anion exchanger and as extractant for the anionic complexes
has been mainly confined to the separation of specific pairs
of ions (Leddicottle and Moore 1952; Ellenberg et al1954;
Mahlman et al 1954 and Moore 1954). An extensive study
of many metal thiocyanates in ethyl ether at various NH4CNS
concentrations has been made by (Bock 1956). More recently
advantage has been taken of the use of thiocyanate
complexing as a method of chemical separation (Morrison
and Freiser 1966).

In addition to the thiocyanate as a complexing reagent, other
complexing agents have also been used for the spectrophoto-
metric determination of titanium (Ronald and Grilbert 1972).
However these methods are cumbersome and time consum-
ing. The present investigations were undertaken in continu-
ation of the earlier studies on the extraction and spectropho-
tometric determination of traces of transition metals in thio-
cyanate system using high molecular weight amines (Khan
et al 1982, 84, 90 a and b, 94).

Experimental
Erma Spectrophotometer Model LS-7 was used.

Reagents: The following reagents were prepared and used
throughout the investigations. However, preparation of fresh
solutions are almost preferable.
*Author for correspondence

(i) Standard Titanium Solution: One gram titanium metal
was dissolved in a minimum volume of 1: I HCI and diluted
to 1 liter with distilled water. Further dilutions were made
from this stock solution so that 1 em" of the standard solu-
tion corresponds to 20 ug.

(ii) Potassium Thiocyanate Solution: 70% (7.2 M) was
prepared from potassium thiocyanate (supplied by E. Merck)
by dissolving the required amount in distilled water and then
diluting to the required concentration.

(iii) Tribenzylamine (TBA) Solution: 5% solution of
tribenzylamine was prepared by dissolving the required
amount in pure chloroform. All the other reagents used were
of Analar grade.

Procedure: Formation of1i(ll)-SCN and Fe(lll)-SCN com-
plexes and the extraction of 1i(Tl)-SCN complex by tertiary
amine:

The coloured complexes ofTi(II)-SCN and Fe(III)-SCN were
formed by adding thiocyanate into a solution containing
titanium and iron in the presence of hydrochloric acid.
Tribenzylamine in chloroform (Scrn ') was then added to the
co loured solution in a 100cm3 separating funnel and the con-
tents were shaked for half of a minute (30 see), The two
phases were then allowed to separate; the yellow coloured
complex of Ti(II)-SCN quantitatively extracted into the or-
ganic phase was collected into IOcrrr' dried flask after phas-
ing it through a small Whatman (5.5cm) filter paper, while
the blood red coloured complex of Fe(III)-SCN got separated
into the aqueous phase.
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The absorbances of both the coloured species were measured
with respect to the respective reagent blank. The absorption
maximae (A",.) for the complex of Ti(II)-SCN-TBA
and Fe(III) were noted to be 500nm and 480nm respectively
Fig I.

Calibration Sensitivity and Stability. Known concentra-
tion of titanium and iron were taken and the investigations
were made following the foregoing procedure. The absor-
bances of the thiocyanate complexe were measured at 500n111
and 480nm respectively. Beers law was closely obeyed for
solutions containing 0.1-40 ug of titanium and iron. The
molar absorptivity of the thiocyanate complexes of titanium
and iron were 1.19x 105 I and 1.11x 105 I mol" crrr' respec-
tively at 500 nrn and 480nm. The yellow complex of Ti(JI)-
SCN- TBA extracted into the organic phase was allowed to
stand overnight but no change was noted in the absorbance
and colour with lapse of time. After this period there seemed
a gradual change in colour intensity till reaching half its
value after 48 h. However, the absorbance as well as the
intensity of the colour of Fe(III)-SCN complex was not stable
more than a few h.

Analysis of Volcanic Ash: 0.5g of well agated sample of
volcanic ash (100 ± 120 mesh) was leached with OAM HCI
for 2.5 h over an electric water bath at 80cC. The soluble
part was then filtered through Whatman filter paper and the
filtrate was diluted to 250cm3 with distilled water adding as
much HCI so that the acidity of the final solution is OAM
HCI 5cm3 of this solution was then transferred to a 100cm3

separating funnel, followed by addition of KCNS solution,
so that the final concentration is 1.6M KCNS.

After thorough mixing the solution was diluted to lOcrn!
with distilled water 5cm3 tribenzylamine in chloroform was
then added to this solution and the two phases were shaken
for 30 sec. manually or on a mechanical shaker. The two
phases were allowed to separate and after the equilibrium is
attained, the organic phase was drawn into a dried flask
after passing it through a small Whatman (5.5cm) filter
paper. The absorbance of titanium and iron as their
thiocyanate complexes were noted at 500nm and 480nm
respectively against the corresponding reagent blank. The
amount of titanium as well as of iron were calculated from
the calibration curve and expressed as percent (%) concen-
tration. The comparative results regarding the TrO, content
of the volcanic ash are presented in Table 1.

Results and Discussion

Fig I. Illustrates the absorption spectrum of Ti(ii)-SCN- TBA
system after extraction into tribenzyamine (TBA).
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Effect of Acid Concentration. The effect of different
concentrations of nc: in the range of 0.05-2.0M was
studied on the overall extraction and separation of Ti(II)-
SCN and Fe(III)-SCN complexes. It was found that maxi-
mum colour intensity, efficient extraction and separation was
achieved at 0.40M HCI These observations are shown
in Fig 2.

Effect of Thiocyanate Concentratloni'iue effect of
various concentrations of KSCN (0. 10-4.0M) was also in-

Table 1
Comparative analysis report of cherat volcanic ash

N.W.F.P (titanium determined as Ti0
2
)

S. No. Hydrogen peroxide British standard Present method
method" method"

1. 1.39 1040 1045
2. 1.00 0.90 0.90
3. 0.65 0.60 0.59
4. 1.00 1.01 1.00
5. 1.22 1.02 1.03
6. 1.04 1.03 1.01
7. 1.01 0.90 1.00
8. 1.03 1.02 1.04

a, E. B. Sandell "Colorimetric Determination of traces or Metals" 3rd Ed.
Willy intersctence, New York, p-870, 1959; b. Bnilsh Standards Specification
No. 1975 (1958).
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Fig 1. Absorption spectrum ofTi(II)-SCN after extraction into organic
amino phase. .
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Separation and Determination of Ti (II) and Fe (lll)

vestigated to find out the optimum concentration for maxi-
mum colour intensity and separation of titanium and iron.
Thiocyanate concentration of 1.60M was found to be the op-
timum concentration. These results are illustrated in Fig 3.

Effect of Shaking Time: Having studied the effect of HCI
and thiocyanate concentration on the overall extraction, the
effect of shaking time for equilibration of the two phases was
also observed', and 30 sec. were found to be the optimum
time. The observations are presented in Fig 4.

Effect of Phase- Volume Ratio: Keeping the acid, thiocy-
anate concentrations and volume of the organic phase (Vorg)
as constant the extraction as well as separation of both the
complexes were studied by varying the volume of the aque-
ous phase (Vaq). It was noted that the ratio 1:2 (Vorg: Vaq)
is the optimum ratio for maximum separation and quantita-
tive extraction.

Effect of the Diverse Ions: During investigations it was
found out that usually three types of interferences are almost
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repeatedly encountered (i) metal ions which form anionic
complexes with SCN- e.g. Cu(II), Co(II), Mo(V), W(VI),
Mn(II), V(V) (ii) those ions. which form coloured anionic
species with SCN- and are extracted into neutral solvents
because of their solubility in these solvents, (iii) ions which
oxidize SCN- to a coloured soluble complex of indefinite
composition.

As can be seen from Table 2, even the first type of ions do
not interfere seriously, provided these ions are present in mod-
erate amounts. Co(Il) and Mn(II) present in 50 fold excess
and giving coloured complexes with SCN- ion do not inter-
fere seriously, but Sb(lll), Ni(II), Pb(II), W(VI), Ba(II) and
Cr(III) interfere seriously. However, the interference of
anions e.g. S04-2, Cl-, C0

3
-2, HC0

3
-, P04-3 do not encounter

seriously.

To check up the validity of the method developed, a number
of synthetic mixtures were also prepared and then analyzed
the results are shown in Table 3.

Table 2
Determination of titanium and iron in the presence of diverse ions (titanium and iron taken 29/-lg each)

S.No. Diverse Ions Amount Titanium Iron (ug)
addediug) Found Error Found Error

1. Ba+2 1000 19.89 -0.11 19.79 -0.21
2. Cr+3 1000 19.99 -0.01 19.88 -0.12
3. ,Mg+2 2000 20.00 0.00 20.00 0.00
4. Ca+2 2000 19.99 -0.01 19.97 -0.03
5. Pb+2 1000 19.88 -0.12 19.89 -0.1
6 Al+3 2000 20.00 0.00 20.00 0.00
7. Na+ 2000 20.01 +0.01 20.00 0.00
8. K+ 1000 20.01 +0.01 20.00 0.00
9. CO+2 1000 19.99 -0.01 20.00 0.00
10. Mn+2 1000 20.30 +0.30 20.05 +0.50

J 11. Zn+2 2000 20.02 +0.02 19.98 -0.02
12. U+6 2000 20.30 +0.30 19.90 -0.10
13. W+6 1000 20.20 +0.20 19.80 -0.20
14. Ni+2 2000 20.05 +0.05 19.89 -0.11
15. Sb+3 1000 19.97 -0.03 19.59 0.41

'16. Si+4 1000 20.02 +0.02 20.00 0.00
17. F- 1000 20.10 +0.10 19.99 -0.01
18. P0

4
-3 2000 19.98 -0.02 20.00 0.00

19. 1- 1000 20.20 +0.20 19.88 -0.21
20. Tartaric Acid 2000 20.00 0.00 19.98 -0.02
21. C0

3
-2 2000 20.00 0.00 20.00 0.00

22. HC0
3
- 2000 20.00 0.00 20.00 0.00

23. CI- 2000 20.00 0.00 20.00 0.00
24. 'S04-2 2000 20.00 0.00 20.00 0.00
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Table 3
Analysis of synthetic mixtures

Found Error
S. No.

Present
1. 3.00
2. 6.00
3. 12.00
4. 15.00
5. 18.00
6. 21.00
7. 24.00
8. 27.00
9. 30.00
10. 33.00
11. 36.00
12. 39.00
13. 41.00
14. 43.00
15. 50.00

0.5

0.4 .

" 0.3..
~-e
•• 0.2~..•

O.J

Titanium (ug)

2.90
6.10

11.99
14.90
18.20
21.00
24.05
27.10
30.00
33.02
35.80
39.01
41.20
43.10
50.05

-0.10
+0.10
-0.01
-0.10
+0.20

0.00
+0.05
+0.10

0.00
+0.02
-0.20
+0.01
+0.20
+0.10
+0.05

Iron (Ilg)
Present Found Error

4.00 3.90 -0.10
8.00 - 7.88 +0.12

12.00 12.10 +0.10
16.00 16.07 +0.02
20.00 19.90 -0.10
24.00 24.10 + 0.10
28.00 28.15 +0.15
34.00 33.99 -0.10
38.00 38.20' +0.20
44.00 44.20 +0.20
48.00 48.00 +0.10
52.00 51.90 -0.10
56.00 56.20 +0.20
60.00 59.99 -0.01

100.00 99.67 -0.33
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Fig 3. Effect of thiocyanate on the extraction & separation of Ti(ll) &
Fe(IIl).
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Fig 4. Effect of time on the extraction & separation ofTi(lI) & Fe(Ill).
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