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CHAPTER-Y
PHOTOMETRIC DETERMINATION OF CHROMIUM (III)

WITH 2CHLOROQUINOLINE 3 - CARBALDEHYDE
THIOSEMICARBAZONE
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INTRODUCT ION

In 1762, J.G. Legmann described a new mineral
from Siberia, We now know this mineral to be crocosite,
or lead chromate. Both L.N, Vauquelin and Macquart, in
1789, failed to recognise in the mineral a new element
and both reported lead, iron, alumina and a large amount
of oxygen, However, in 1757, L.N. Vauquelin, reexamined
the mineral and concluded that lead must be combined
with a peculiar acid which he considered to be the oxide
of a new metal, This is called ‘chromium', from the Greek
word (CHRQOMA), colour - because its compounds are all
coloured. In 1798, L.N. Vauquelin detected the new

element in spinel and in smaragdite, and F, Tassert found

chromium in chrome iron ore in 1799,

Metallic chromium does not occure free in nature.
It occurs combined with oxygen in chromiuﬁ-sequioxide,
Crz0vw, associated with more or less earthy matters, It
also occures as lead chromate in crocoisite, PbCro4o
Traces occur 1in many minerals - emerald, jade,

serpentine etc.

The principle source of chromium is chrome iron ore
(chromite)., Metallic chromium is made cormercially by the

'thermite! process and by reduction of chromic oxide by
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means of the theoretical amount of silicon in an electric

arc furnace.

Chromium is one of the more satisfactory elements
from the standpoint of colorimetric trace analysis. It
can be determined very sensitively and can also be

separated fairly easily from other elements,

Chromium is present in the air-borne dust,

. 1 . . . . .
atmospheric aserosols™, in biological material such as tissue,

blood. It is also present in urinez, brovine livera.

Chromium is also present and can be determined from
the nickel alloys, Zirconium alloys, steel4, Silicates, ores

or rockss, magnesium oxideé, gallium arsenide7, copper

8 9 10

alloys~, cemented carbides”, cadmium mercury telluride ",
petrolium or petrolium products, in tinll and in muncipal

sediments and sea water etc,

The most useful method for the separation of chromium
involves oxidation in basic medium, where by chromate is
formed and remains in solution while a great many metals
such as iron, titanium, manganese, nickel and cobalt are

precipitated.

Thus chromium can be determined by various techniques
such as the atomic absorption spectrophotometry, emission

spectrophotometry, spectrography etc.
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Chromium is an element which gives sensitive and
satisfactory colour reactions with innumerable organic
reagents, Many colorimetric reagents have been prepared

for the determination of chromium, Some of them are

2w (5=bromo-2-pyridylazo)-5-diethyl aminophenoll2, 3t,4'<

14 mepsHald,

phenylfluoronelé, tetrophenyl arsonium chloridel7.

dicarboxyarsenazola, diphenyl carbazide

Chromium can be separated from the alloys. The
separation of chromium can be done by the precipitation

methods, extraction methods, chromatographic methods,

Chromium can be separated from other elements such

as Fe, Co, Mn, Mo, Ni by HPLC of dithiocarbate complexesls’19

and with Macrocyclic compounds20.

The detailed summary of reported photometric methods

for chromium determination is given in table 5.1.

The presént work accounts for spectrophotometric
determination of Cr(III) by 2-chloroquinoline-3-carboldehyde
thiosemicarbazone (QAT). Chromium (III) forms complex
with 2-chloroquinoline-3-carbaldehyde thiosemicarbazone
(QAT). For chromium optimum pH is 9,5 and A max is 460 nm,
Beer's law is obeyed upto 4 ppm of Chromium (III), The

effect of pH, reagent concentration and diverse ions have



been studied. The molar absorptivity and sandell
sensitivity are 1,976 x 10" L mole™! an™! and 0.042 ng
cm"2 respectively at 460 nm, The dissociation constant
of complex Cr (III) - QAT is 1,038 x 10'4. For Cr (III),

Fe, V, Ni, Co interfere,

EXPERIMENTAL

1. Standard Chromium Solution :

Standard chromium solution 1 mg/ml was prepared
from Chromic Potassium Sulphate and the solution was
standardised with EDTA volumetricallyég. Further dilution
for experimental purposes were made by diluting the stock

solution with distilled water.

2. Reagent Solution :

.052 gm QAT was dissolved in DMF and diluted to
100 ml, The molarity of the solution is 1,96 x lO"'4 M. The

solution is found to be stable for more than a weak,

Recommended Procedure :

To an aliquot of solution containing upto 2 ppm of

chromium, add 1 ml of 1,96 x 104 M reagent solution and a

buffer solution of pH 9.5. Dilute this to 10 ml with DMF

117



water (3:2) in a volumetric flask., Measure the absorbance

against reagent blank,

RESULT AND DISCUSSION

Spectral Characterisatics :

Figure 5.1 shows the absorption spectrum of the

5

chromium (III)-QAT Complex containing 1,223 x 107~ M of

chromium and 1.96 x 1004 M reagent at pH 9.% using reagent
blank, Absorption measurements were made in the spectral
region 400 nm to 650 nm and recorded in the table 5,2,
From the graph it was found that 460 nm will be suitable
wavelength for chromium determination. The molar

4

absorptivity of the complex is 1.976 x 10 et 460 nm,

Table 5.2 : Molar Extinction Coefficients of
Cr(III)-QAT Complex

QAT = 1.96 x 1074 M, Cr(III) = 1.923 x 107> m,
pH = 9.5
A nm Molar Ext. Coefficients of
the complex x 104 L mole=lcpml
400 « 3900
410 « 8060
420 1,222

430 1.430
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X nm Molar Ext. Coefiir:ien’cs«l 1
of the complex x 10" L mole “cm
440 1.690
450 1.846
460 1,976
470 1,976
480 1.872
490 1,638
500 1,378
510 1,091
520 0.832
530 0,598
540 0.416
550 0.286
560 0. 104
570 0.078
580 0.052
590 0.C28
600 0.026
610 0,020
620 0.015
630 0.008
640 0.008
650 0.008 Aﬁ?ﬁf
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FIG.54 — ABSORPTION SPECTRUM OF
Cr(III) - QAT COMPLEX .
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Effect of Time :

In order to study the effect of time on the
absocrbance of chromium - (III)-QAT complex containing
1.923 x 10°% M Cr (III) -QAT at pH 9.5, the absorbance.
measurements were recorded at different time intervals at

460 nm, It was observed that the complex is stable for

24 hours,

Effect of Reagent Concentration :

Solutions containing the same amount of Chromium
(1,923 x 10'4 M) but different amounts of reagent varying
from 0.1 to 1 ml of 1,96 x 1074 m reagent solutions were
prepared. The pH 9 buffer was added and the solution was
made upto 10 ml with DMF : water (3:2). Absorbance
measurements were recorded at 460 nm against simultaneocusly
prepared reagentblank. The data given in the table 5,3,
Fig. 5.2 shows that 1,923 x 10'4M chromium solution
required minimum 1 ml of 1,96 x 1074 M reagent solution for
maximum complexation. At higher concentration of the
reagent there was insignificant increase in absorbance.
However, 1 ml of 1.96 x 1074 m reagent solution was
employed to ensure maximum colour intensity of the chromium

complex,
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Table 5.2 : Effect of Reagent Concentration on
the absorbance of Cr-QAT Complex

Chromium (III) = 1.923 x 1074 M, pH = 9.5

QAT = 1,96 x 10'4M

Reagent ml Absorbance at 460 nm
2 .05
.4 .13
.6 «22
.8 .20
.9 .24
1.C .35
1.2 . 355

Effect of pH :

A series of solutions coﬁtaining 1,923 x 107
Ccr(III) and the same amount of 1.96 x 1074 M reagent but
varying in pH from 2 to 12 were prepared and the
absorption measurements were recorded at 460 nm, The
results are summarised in the table 5,4, It was observed
that maximum absorbance was obtained at the pH 9.5. The
absorbance of the solution decreased at higher or lower
pH values than this, which is shown in figure 5.3. Hence

pH 9.5 was maintained in further studies.,
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Table 5,4 : Effect of pH on the absorbance of
Cr-QAT Complex

Cr(IIT) = 1.923 x 10°'M, QAT = 1.96 x 1074 M

pH Absorbance at 460 nm

.10
.16

.22

O 0 ~N O O
-
N
O

10 .34

11 « 27

Validity of Beer's Law and Sensitivity

The solutions (final volume 10 ml) containing
different amounts of Chromium and the same amount of reagent
(1.96 x 1074 M) with the pH maintained at 9.5 were used
for the study. The absorption measurements were recorded
against reagent blank at 460 nm (Table 5.5, Fig.5.4),

Beer's Law is obeyed upto a concentration of 4 ppm of
Chromium (III). The Sandell sensitivity7o of the reaction

is ,042 Mg em™2 of Cr (III) at 460 nm. The Ringbom's plot (Fig.
5.%) indicates that the optimum range is 3 to 5 ppm of
Chromium (III),
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Table 5.5 ¢ Verification of validity of Beer's
Law for Cr-QAT Complex

4

QAT = 1,96 x 100M , pH = 9.5

Cr(Iéé% taken Absorbance at 460 nm

A A DM W ON
*
H
[0
O

Composition of the Complex :

The combining ratio of metal to reagent was

ascertained by Job's method of continuous variation7l and

Mole Ratio method.72

For Job's method of continuous
variation, a series of solutions were prepared by mixing
equimolar solutions of the Chromium (III) and the reagent
(1.96 x lO'4P). The pH of the solution was adjusted to
9.5. The absorbances of the solution after diluting to

10 ml in volumetric flask were recorded at 460 nm against

simultaneously prepared reagent blank (Table 5.6,Fig.5.6).

129
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The plot indicate the existance of 1:3 complex with

respect to metal and reagent represented as MLjp .

Table 5.5 : Determination of the formula of the
Cr-QAT Complex by Job's method of
continuous variation

Cr(ITI) = QAT = 1.96 x 1074, pH = 9.5

Metal ion Reagent Mole fraction of Absorhance
ml ml metal at 460 nm
o1 .9 .1 .09
o2 .8 o2 .15
<25 .75 «25 .17
.3 o7 e 3 .16
.4 .5 .4 .135
S .5 S .11
6 .4 5 .09
o7 .3 o7 .08
.8 .2 .8 .05
.9 .1 .9 .04

Mole Ratio Method :

For mole ratio method, solutions containing the same

final metal concentration and different amounts of reagent
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FIG. 56 —
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were prepared keeping pH 9.5, Absorbances of the
solutions were measured at 460 nm against reagent blank.
The curve showed break at the metal ligand ratio 1:3,
confirming the results obtained by application of Job's
method of continuous variation (Table 5.7, Fig.5.%). The
dissociation constant is calculated from mole ratio plot

and comes out to be 1,038 x lO°4.

Table 5,7 : Determination of the formula of the
Cr - QAT Complex by Mole Ratio Method

cr = 1.96 x 10"4M, QAT = 1,96 x 10'4M, pH=9.5

Metal ion Reagent Reagent to Absorbance at

ml ml metal ratio 460 nm
oL .8 2 .06
.4 1.0 2.5 .13
! 1.2 3.0 .18
.4 1.4 3.5 .21
.4 1.6 4.0 .23
.4 1.8 4,5 .26
.4 2.0 3.0 . 27
.4 2.4 6.0 .29
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Effect of diverse ions :

The effect of diverse ions was studied using
2 ppm of Cr(ITI) and 1.96 x 1074 M reagent in a final
volume of 10 ml at pH 9.5. The results indicated that
Phosphate, Citrate, Fluoride interfere. The tolerance

limit for various ions tested has been shown in the table.

Effect of diverse ions

Cr(III) = 2 ppm, QAT = 1.96 x 10" “M; pH=9.5

Metal ion Tolerance limit yg
Nat 50
ca(1ir) 50
Ba(1I) 50
Cd(1I) 50
Zn(II) 50
Ni(IT) 20
AL(IIT) 20
Cu(II) 5
Mn(II) 5
Co(II) 5
Nitrate None
Sulphate None
acetate None

tartrate None



6.

9.

10,

11.

123

REFERENCES

Iskandarov, T.I.; Ubaidullaev, R.; Kamil dzhanov,

A, Kh., Ref. zh. Khim; 19 GD, 19(1982).

Veillon, Claude; Patterson, Clin. Chem (Wintson

Salem, N.C.) 28 (11) 2309-2311 (1982).
villiams, E.VY., Analyst, 107, 1006 - 1013 (1982).
Klein, A.A.; Af. Spectrosc; 3(5), 133-139 (1982),.

Rammensee W., and Palme H.; J. Radianal Chem. 71,

401-418 (1982),

Schneidman, F.; Lewis, M, and Jawed, I., Int. Lab.;

12, 72-80 (1982).

Ferri, D.; Zingani, D. and Buldini, P.L.; Fresenius'

Z. Anal. Chem 313, 539-541 (1982),
Zavorontova, G.I., Zavod Lab., 48, 34-36 (1982).
Young R.S.; Analyst, 107, 721-730 (1982),

Cope, M.J.; Kirkbright, G.F. and Burr, P.M.; Analyst,
107, 611-616 (1982),

Zelentsova, L.V.; Yudelevich, I.G. and Emrich, G.;

Zh. Anal. Khim, 37, 789-793 (1982).



12,

13.

14,

15,

16,

17.

18,

19.

130

Wei, Fusheng; Zhu, Yu-rui, Qu, Pel-hua; Yin, Fang;

Shen, Mikrochim Acta II, 67-75 (1982).

Xu, Liruan; and Syn, Fusheng; Fenxi Huaxue, 10(9),

521-524 (1982),

Gordeev S.K. and Krasnobryzhii, A.V.; Zavod Lab,

48 (7) 23-24 (1982).

Capitan - Vallvey, L,F.; Salinas, F. and Gazquez, D.;
Proc. Indian Acad. Sci. [Ser] Chem. Sci., 91(5),
399-407 (1982).

Izguierdo - Hornillos, R,.,; Peral Fernandez, J.L. and
Gallego - Andreu, R.; Anal., Chim, Acta, 142,
325328 (1982),

Baishya, N.K, and Baruh, G.; J. Indian Chem. Soc.,
59(3), 389-391 (1982).

Hutchins, S5.R., Huddad, P.R. and Dilli, S.; J.
Chromatogr; 252, 185-192 (1982).

Bond, A.M. and Wallace G.G.; Anal. Chem,; 54 (11),
1706-1712 (1982).

Zolotov, Yu, A; Ionov,V.P.; Bodnva, V.A.; Larikova,
G.A.; Niz'eva, N.V.; Vlasova, G.E, and Rybakova,

E.V.; Zh. Anal. Khim; 37, 1543-1548 (1982).



21,

22.

23.

24,

25.

26.

28.

29.

30,

31.

V.Kameshwara Rao, D.S. Sundar and M.N., Sastri,

Chemist Analyst, 54 (3), 86 (1965),.

Satendra P, Sangal, Chim. Analyt; 46 (10), 492-494
(1964).

G. De Angelis, E. Chiacchierini, Ricera Scient Riv,

36(1), 53-55 (1966).

E. Jacobsen and W. Lund; Analytica Chim Acta; 36(1),
135-137 (1966).

Katsuya Vesugl and Yukiteru Katsube; Bull. Chem,Soc.
Japan, 38 (11), 2010-2011 (1965).

HeM.N.H, Iruing and W.R. Tomlinson; Chemist Analyst,
55 (1), 14-15 (1966).

Koichi Tonoski; Makoto Otomo and Koichi Tanakaj

Japan Analyst, 15 (7), 683-686 (1966).
¥K.L. Cheng. Talanta, lﬁ(7), 875-877 (1967),
K.L. Cheng; Talanta, 14(7), 875-877 (1967).

Katsumi Yamamoto, Kohemi Ametani and Kiuohisa Amagai;

Japan Analyst; 16 (3), 229-233 (1967).

R.B., Golubtsova and A.D. Yaroshenko; Zav. Lab.

36 (2), 147-148 (1970).

131



32,

33.

34,

35,

36.

37.

38.

39.

40.

a1,

42.

132

F. Rosch serrat; Infcion Quim. analit Pura apl. Ind.;

25(1), 17-25 (1971).

0.A. Tataev and F.R. Abdulaev; Zav. Lab., 36(10),
1173-1175 (1970).

Johnsten, J.R. and Holland, W.J.; Mikrochim., Acta, 3,
321-325 (1972).

Arribas Jimeno; Moro Garcia; Inficon Quim. analit.

Pura apl. Ind.; 27 (5), 201 - 208 (1973).

Usatenko, Yu. I; Supronovich, v.I.; Zh. Analit, Khim,,

29 (4), 807 - 810 (1974),
Adam, J, and Pribil R.; Talanta, 21(11), 1205-07(1974).
Solanki, R.K.; Indian J. Tex. Res.,; 3(3), 83-85 (1978),

Onishi, Hiroshi, and Koshima, Hideko, Bunseki Kagaku;

27(11), 726-729 (1978).

Gregorwicz, Z; Gorka, P. and Kowalski, S.; Fresenius,

Z. Anal. Chem.; 294 (4), 285 (1979).

Mori, Itsuo, Fujita, Yoshikazu and Enoki, Takehisa,

Bunseki, Kagaku, 28 (11), 707-710 (1979).

Vicente-perez, S.; Hernandez, L.; Quim. analit; 28(6),

283-288 (1974),



43,

44.

45,

46,

47,

48,

49,

50.

51.

Nagarkar, S.G.; Eshwar, M.C.; Indian J. Technol;
13(8), 377-378 (1975).

Srivastava, K.C. and Malathi, M.; J. Chin. Chem,

Soc.; Taipei, 22(2), 145-149 (1975).

Tataev, O0.A. and Guseinov, V.K.; Zh analit, Khim;

30(5), 935-938 (1975).

Tataev, O.A. and Guseinov, V.K., Zh analit, Khim;

30(5), 935-938 (1975).

Malik, W.U. and Sharma, K.D.; Z. Analyt. Chem,;
276(5), 379 (1975).

Areses J,; Bermejo Martinez, F.; Concheiro, A. and
Rodriguez Vazquez, J.A.; Quim. analit, 29(4),
212-215 (1975).

Subramanyam, B. and Eshwar, M.C.; Mikrochim Acta II

(5-6), 579-584 (1976).

Yamatoto, Yoshikazu, Murata, Takumi and Veda, Shunzo,

Bunseki Kagazu, 25(12), 851-854 (1976).

Alvarez Devesa, A; Baluja Santo, S.C. and Ces

Viqueira Laura, Quim. Anal.,30(5), 267-270(1976).

133



52,

53.

54,

55.

56.

57.

58,

59,

60,

61,

134

Rrittain, Harry G.; Anal. Lett; 10 (13), 1105-1113,
(1977).

ConcheiroNine, A.; Rodriquez vVazquez, J.A. and Bermejo

Martinez, F.; Afinidad, 34 (345), 197-199(1977),

Yamamoto, Katsumi and Takano, Yuichi, Bunseki, Kagaku,

27(7), 460-461 (1978),

Joseph, R. Siefker and Rekha D. Shah, Talanta, 26,
505-506 (1979).

Uma, P.,, Raman, V. Ananta; and Sastri, M.N.; Indian

J. Chem. Sec.A, 19(2), 179-180 (1980).

Gregorowilz, Zbigniew, Gorka, Pitor, and Kowalski,

Stanislaw; Chem. Anal; 25(3), 401-405 (1980).

Grecorowilz, Zbigniew, Gorka, Pitor, and Kowalski,

Stanislaw; Chem. Anal; 25(3), 401-405 (1980).

Rao, P. Nageswara and Reddy, K. Adinarayana; J. Indian

Chem. Soc.; 57, 402-403 (1980),
Xia, Daoperi, Fen Hsi Hua Hsuch, 9(2), 196-197, (1981),

Bet-para, Frederick and Jaselskis, Bpuno; Analyst,

106 (1268) 1234-1237 (1981),.



62.

63.

64.

65.

66,

67.

68,

69,

139

Mori, Hidehiko; Fujimura, Yoshikazu and Takegami,

Yoshinabu, Bunseki Kagaku, 30 (1), 652-656(1981).

Srinivasan, S. and Sheshagiri, V.; J. Indian Inst. Sci.

Sec. B, 63 (6), 135-155 (1981).

Perez Ruiz, T.; Martinez Lozano, C. and Ochoterena
Ramirez, J.; An Quim, Ser B, 78 (1), 104-107
(1982),

Wei, Fusheng, Zhu, Yu~rui, Mikrochim Acta; II (1-2),
67-75 (1982).

Soledad Garcia, M.; Sanchez Pedreno, C.; An. Quim,

Ser. B., 78 (2), 260-262 (1982),

Izquierdo-Hornillos, R.; Peral Fernandez, J.L. and
Galiego Andreu, R.; Anal. Chim. Acta; 142,
325328 (1982),

Xu, Liruan, and Sun, Fusheng; Fenxi Huaxue, 10(9),

521-524 (1982),

A.I. Vooel; 'A Text book of Quantitative Tnorgenic

Analysis!, 3rd Edn., p. 345,



70.

71.

72,

F.B., Sandell, 'Colourimetric Determination of Traces
of Metels', 3rd Edn., Interscience, New York,

p. 83, (1959).

P. Job, Compt. Rend, 180, 928 (1925), Ann, Chim,
(Paris), 2, 113 (1928).

J.H., Hoe and A.L. Jones, Ind, Eng. Chem,; Anal,
Edn,, 16, 111 (1944).

Rinobom, A.: Z. &nal. Chem.; 115, 332 (1939).



