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The simple and sensitive spectrophotometric method of determination of titanum(IV)
and germanium(1V) is based on the formation of the coloured complex of these metals with
tetrahydroxyazon SN (2,2',3,4-tetrahydroxy-3-sulpho-5-nitroazobenzene). Optimum concent-
rations of tetrahydroxyazon SN CTMAB and pH ensuring maximum absorbance were defined.
The complex titanium(IV)-tetrahydroxyazon SN-CTMAB and the complex germanium(IV)-
tetrahydroxyazon SN-CTMAB show maximum absorbance at 520 and 526 nm accordingly.
The molar absorption for titanium(1V) is (9.37+0.02)-10° and the molar absorption for ger-
manium(V) is (7.93+0.03)-10".

Calibration curves were constructed and statistically evaluated for the cations tita-
nium(IV) and germanium(IV) in the presence of CTMAB is 0-0.8 ug ml.L"'. RSD-3.1%, and 0-
0.6 ug m1”', RSD-2.5% accordingly. The determination is possible in the presence of Ca(Il),
Mg(1l), Co(Il), Ni(ll), Be(ll), Cd(Il), Mn(ll), Cr(Ill), Pb(Il), Se(lV), Te(IV), Al(Ill), Zn(Il),
La(1v), Br, CI, I, F', NOs , CH;COQ;, citrates, ascorbic acid and thioure. The method has
been applied for the determination of titanium(IV) in the artificial alloys and for the determi-
nation of germanium(IV) in the synthetic samples.

Keywords: Titanium and Germanium. Organic reagent; tetrahydroxyazon SN;
CTMAB; spectrophotometric determination.

1. Introduction

Important reagents for spectrophotometric determination of titanium(IV) and
germanium(IV) include thrifenilmethane dyes in the presence of sulfactanta [1-2],
pyroqallole red in the presence of sulfactanta [1-6], and germanium(IV) include di-
bromophenylfluorene (DBPF) in presence of cethyl-trimethylammonium bromide
(CTMAB) [7], phenylfluorene in presence of CTMAB, Trion x-100 and zephiramine
[8], 9-(p-fluorophenyl)fluorone of complex cationic surfactants [9], tetrahydroxyazon
SN for the determination of these ions in binary mixtures [10], salicylfluorone in the
prensence of cetylpyridinium [11].

The aforesaid reagents, though sensitive, lack selectivity. Besides being cum-
bersome, such procedures hare inherent sources of errors. The spectrophotometric
determination of titanium(IV) and germanium(IV) must be preceded by pre-
separation when the two are present together in a mixture as interference is caused
due to spectral overlap [1, 3, 6, 11].

Pyroqallol is a widely used reagent for the spectrophotometric determination of
several inorganic species [7-10,14-15]. However, there are some simple and rapid
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instrumental approaches which allow the simultaneous determination of both com-
plexes with overlapping spectral profiles without prior separation.

In this paper, the influence of cationic surfactants on the spectrophotometric of
the complexes of titanium(IV) and germanium(IV) with tetrahydoxyazon SN has
been studied. The combination of these effects and the application of the synchronous
derivative methodology have allowed the simple resolution of titanium(IV) and ger-
manium(I'V) mixtures in real samples.

2. Experimental

2.1. Apparatus

Absorption spectra were recorded on a shimadzu UV- visible recording spec-
trophotometer (model UV-260). The pH of the solution was measured on an pH-
meter (model pH 350).

2.2. Reagents

Titanium(IV) stock solution, 1.0 mg.ml". Preparat by dissolving 0.1003 g of ti-
tanium metal (99.98%) in 10 ml of concentrated sulphuric acid (d = 1.84 g ml™") and
diluting the solution with water to 100 ml in a calibrated flask. Working solutions
were prepared by suitale dilution of the stock solution with 1 M H,SO,.

Stock solution (Img ml1") of germanium(IV) was prepared by dissolving
1.4409 g of GeO; in the water and diluting to 100 ml respectively in water. Working
solutions were prepared by suitale dilution of the stock solution with in water.

Solution (1:10°M) of tetrahidroxyazon SN. Unless otherwise stated, all re-
agents used were of analytical grade and their solution was prepared by weighing
with distilled water as solvent. The concentration of each reagent was as follows: tet-
rahydroxyazon SN, 1-10” mol.L™"; cetyltrimethylammonium bromide (CTMAB) 1-10°
“mol.L".

2.2.1. General Procedure

A get of solutions containing increasing amounts (2 — 40 pg.ml™) of tita-
nium(IV) and another one contaning increasing amounts (1-30 pg.ml"') of germa-
nium(IV) ions, were transferred into a 25 ml calibrated flask each having a fixed
amount of 3 ml tetrahydroxyazon SN standart solution (1:10° mol L™") and 2ml of
CTMAB standard solution (1-10? mol L™). The mixture dilated to a final volume of
25 ml titanium(IV) ion at 0.01M H,SO,4 and germanium(IV) ion ax optimum pH 4.
Immediately afterwards, the absorbance was measured at 520 nm (Ti) and 526 nm
(Ge) in a 1.0 cm cell against the reagent in presence of STMAB blanks. After that,
dilute the resulting solution to the final solution then keep it for 5 min at room tem-

perature and finally record its absorption spectrum against corresponding reagent
blank.

3. Results and discussion

3.1. The effect of pH on the absorbance of the systems

Ti(IV)-tetrahydroxyazon SN-CTMAB and Ge(IV)-tetrahydroxyazon SN-
CTMAB complexes in neutral micellar media show pH dependent absorption maxi-
mum at 520 and 525 nm, respectively whereas tetrahydroxyazon SN shows maximum
absorption at 420 (pH 1-2) and 425 nm (pH 6). As the ligand also absorbans at the
Amax Of the complexes, the absorbance due to complex was calculated by taking the
differences between the absorbances of the complex and the ligand, each recorded
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against water. It was then plotted against pH of the solutions in each case (Fig.1). The
graph indicates that complication of titanium(IV) and germanium(I'V) commences at
4 and 6, respectively and increases up to pH 1.5-2 and 4. All absorption studies are
carried out at these pH values and at 420 and 425 nm, wavelengths of maximum ab-
sorption of the complexes in the two cases.

3.1.1. The effect of surfactant

The effect of the presence of cationic surfactanta cetyltrimethylammonium bro-
mide Ti(IV) - tetrahydroxyazon SN-CTMAB on the absorption profiles of each system
has been studied. Cationic surfactants have a marked effect on the absorbance characteris-
tics of monaro compouds as well as their titanium (IV) and germanium (IV) complexes
since cationic surfactants form ternary species of different optical properties as a function
of pH.

Without surfactant, the main peak position of Ti(IV) - tetrahydroxyazon SN bi-
nary complex 490 nm is in close proximity to that of Ge(IV)-tetrahydroxyazon SN bi-
nary complex (486 nm) and in the presence of CTMAB , however, increases not only
the sensitivity of both complexes considerably, but also their difference in peak position
(520 nm for Ti(IV) and 525 nm for Ge(IV) enlarges markedly (Fig.2). The absorbance
value of the titanium(IV) complex at the absorption maximum of the germanium(IV)
complex is at 525 nm. This indicates the mixed micellar medium prepared by CTMAB
and tetrahydroxyazon SN in an appropriate ratio could be used for the selective and sen-
sitive determination of titanium and germanium in alloys, syntetic samples.
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Fig.1. The effect of pH of binary and ternary on absorbance of Ti(IV) and Ge (IV)
complexes tetrahydroxyazon SN. A - Ti(IV)+RSN , 490 nm; B - Ge(IV)+RSN,
485 nm; C - Ti(IV)+RSN+CTMAB, 520nm ; D - Ge+R+CTMAB, 526 nm.

Fig.2. Absorption spectra of binary and ternary Ti (IV) and Ge (IV) complexes whis
tetrahydroxyazon SN. A - Cg = 8:10°M, Ceruas = 2:10“M, pH 4; B - Cgr = 8:10°M,
pH 4; C - Cg=8:10"M, C;=2:10"M, pH 4; D - Cg=8:10"M, Cg.=2-10"M, pH 6;
F - Cr=1210"M, Cr;=2-10"M, Cerpap=2-10"M, pH 2; E - Cg = 12:10°M,
Cge=210"M, Cepmap=2-10"*M, pH 4,

3.2. Formula at the mixed surfactant solution and its volume

Let the total volume of 1:10~ mol L™ tetrahydroxyazon SN and 1-10”mol L™
CTMAB be 2.0 ml. Their relative volumes change with an interval of 0.2 ml. With
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the decrease of the volume of the CTMAB, the peak height of the titanium(IV) in-
creased rapidly first (from 2.0 to 0.2 ml), which was accompanied by a small red shift
of the peak (from 520 to 525 nm) and by a decrease of its half-band width (from 30 to
34 nm). After a slight increase in absorbance (from 2.0 to 1.8 ml), the peak height of
the germanium(IV) decreased considerably (from 1.8 to 0.2 ml) with the decrease of
the CTMAB, which was accompanied by a small red shift and accurrence of asym-
metric peak shape. According to the two requirements mentioned above, the optimum
volume ratio should be 1.8 to 0.2 ml (the tetrahydoxyazon SN to the CTMAB). In this
ratio, the peak of the titanium(I'V) located at 520 nm and Ge(IV) at 526 nm (Fig.2).

Small fluctuation in the volume of the CTMAB (0.05 ml) or the tetrahydroxya-
zon SN (0.1 ml) had little influence on the resolution and determination The optimum
volume of the mixed surfactant solution prepared in the optimum ratio was 2.0 +0.4
ml and 0.6 ml of the mixed surfactant solution produced the height in 2.0ml of such
mixed sulfactant solution, respectively. The final concentration of CTMAB in the op-
timum ratio was 8.0°10 mol L and the final concentration of tetrahydroxyazon SN
in the optimum ratio was 10-10” mol L™".

3.2.1. The effect of tetrahydroxyazon SN on the determination

With the increase of the volume 12°10” mol.L™' tetrahydroxyazon SN, the ab-
sorbance of the Ti(IV) system (aliquots of 12:10”mol.L™" Tetrahidroxyazon SN +2.0
ml of the mixed surfactant solution +10 pg titanium(I'V) of 0.01mol L' H,SO, and 15
ng germanium(IV) +12:10° mol.L™' tetrahydroxyazon SN+ 2.0 ml of the mixed sur-
factant solution of pH 4.

3.2.2 The effect of temperature and standing time

The absorbance of the Titanium(IV) system decreased with the increase of its
temperature especially at higher temperatures (>80°C). A decrease in the absorbance
of the ternary complex was observed when the temperature was increased to over
80°C. The color reactions of ternary complexes of titanium (IV) and germanium (IV)
with tetrahydroxyazon SN are instantaneous at room temperature and the absorbance
of the complexes remains stable for at >1day.

3.3. The stoichiometry of the ternary complex

Jobs method of continuous variations was applied to establish the component ratio
of the ternary complex. The mole fractions of two of the components were varied con-
tinuously, keeping their final combined concentration constant at 4:10” mol L™ and keep-
ing the third component in a large constant excess (410 mol L™) for all solution in the
series. Under these conditions the ternary system was modified to a quasi binary system
[19-21]. The obtained results indicated that the overall ratio for Ti(IV) : Tetrahidroxyazon
SN:CTMAB was 1:1:1 at pH 2, and Ge:Tetrahidroxyazon SN:CTMAB = 1:2:2 at pH 4.
Further confirmation of this ratio was ascertained by applying the molar ratio method us-
ing equimolar mixture of tetrahydroxyazon SN and Ti*" and Ge*" (2:10° mol L") as the
first partner [22,23]. The experiment was elaborated by keeping the concentration of this
mixture constant while changing that of CTMAB (from 0.1 to 12:10™* mol I"") as the sec-
ond partner, and measuring the absorbance of samples at 520 (Ti) and 526 (Ge) nm
against the M(IV)-tetrahydroxyazon SN mixture as a reference blank.
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3.3.1. The effect of diverse ions on the determination of the analyte

Interference in the spectrophotometric determination of the titanium(IV) and
germanium(I'V) from a number of common cations and anions has been investigated
in normal as well as derivative modes to evaluate the practical utility of tetrahyd-
roxyazon SN. This was studied by adding the varying amount of the foreign ions (in
mg ml™) to a solution containing fixed amount of titanium(IV) - 10pg.ml” or germa-
nium(IV)-15pg ml™, tetrahydroxyazon SN, CTMAB and 0.01mol.L" H,SO, and pH 4
accordingly and measuring the change in absorption profiles.

Limiting concentration of the diverse ions that do not interfere in the analysis
of titanium (IV) and germanium (IV) ions is summarized in Table 1. The complexa-
tion reaction of titanium (IV) and germanium (IV) ions with tetrahydroxyazon SN in
the presence of CTMAB media is masked by the presence of tartrate, ascorbic acide,
thiocyanide and citrate, respectively. Further, masking agents such as citrate, tartrate
and ascorbate have also been used to overcome the interference from a number of
cations, but these did not help. Relatively new high order derivative spectropho-
tometry, has also been used to determine titanium (IV) and germanium (IV) in the
presence of interfering ions, as derivatiration of spectra resolves overlapping peaks of
normal spectra into separate peaks and troughs, and crossover points.

3.4. The effect of foreign ions and masking agents

The studies of the effect of foreign ions on determination of titanium (IV) and
germanium (IV) show, that the selectivity and sensitivity of the method are poor. The tol-
erated amounts of each ion were taken as those which caused less than a & 4% alteration
in the absorbance. Some interfering species were masked using a masking agent. Ascor-
bic acid was used as a masking agent. Thus, the selectivity of Fe(III) was increased dra-
matically in the proposed method. The results of foreign ions are given in Table 1.

As seen from Table 1, the proposed method is more selective senstivite and for
the determination of titan(IV) and germanium(IV) in the presence Cu(Il), Cd(II),
Pb(1), Co(II), Ni(1l), Zn(II), Al(II), Cr(Ill) and Fe(IIl). The method which has high
sensitivity can be applied to the fast determination of titan(IV) in aluminum-zinc
based certified alloys and germanium (IV) in the synthetic samples.

Table 1
The influence of foreign ions on complexes Ti-tetrahydroxyazon SN-CTMAB
and Ge-tetrahydroxyazonSN-CTMAB absorbance*

Foreign ions Ti-R | Ge-R | Foreign ions the presence of CTMAB

Ti-R-CTMAB Ge-R-CTMAB
Mn (IT) 1:370 | 1:210 1:900 1:600
Pb (1ID) 1:16 1:55 1:615 1:509
Cd 1) 1:170 | 1:81 1:1600 1:600
Cu (D) 1:0.5 1:1 1:310 1:260
Ni (1) 1:2 1:1 1:1200 1:605
Co (1) 1:40 1:16 1:1500 1:790
Zn (ID) 1:110 | 1:109 1:1400 1:900
Hg (IT) 1:1 1:5 1:140 1:20
Sn (IT) 1:0.4 1:1 1.7 1:6
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Fe (I) 1:290 | 1:200 1:650 1:400
Fe (IIT) 1:1 1:0.5 1:1 1:1.5
Fe (IIN** 1:50 | 1:40 1:510 1:290
Al (1IT) 1:85 1:76 1:1270 1:950
Cr (IIT) 1:10 | 1:42 1:1000 1:815
Th (IV) 1:0.7 | 1:39 1:18 1:3
Zr (IV) 1:0.1 | 1:0.1 1:8 1:1
As (V) 1:0.6 | 1:0.05 1:5 1:4
Mo (VI) 1:1 1:0.6 1:9 1:2
W(VI) 1:2 1:0.8 1:14 1:3
Tartrate 1:200 | 1:106 1:1200 1:1300
Urea 1:300 | 1:180 1:1000 1:1000
Ascorbicacid 1:500 | 1:360 1:3600 1:2000
Sulfo salicylic acid | 1:270 | 1:201 1:1150 1:800

*Concentration of Ti(IV) =10 pg, 520 nm and Ge(IV) = 15 pg, 526 nm
**in the presence of ascorbic acid

3.5. Analytical applications

3.5.1. Determination of titanium in aluminiums alloys

0.5008 grams of alloys were transferred into a 250 ml beaker and dissolved
with 35 ml of an acid mixture [150 ml HCI (d = 1.19g ml™") +150 ml water +10 ml
H,SO, (d =1.84 g ml™)] by heating. The Fe*" ion in the sample was oxidized by the
addition of 1 ml of concentrated HNO;. The solution was heated until the production
of SO; vapor stopped. The remaining 10-15 ml part was cooled down and diluted
with water in a 200 ml graduated flask. 1-4 ml of it was then transferred into a 25 ml
graduated flask for the analysis. After additions of 3 ml 0.5 M ascorbic acid (in order
to reduce to Fe(III) into Fe(IT) and 3 ml of the aqueous solution of 3 ml1-10°M. tetra-
hydroxyazon SN reagent, and 2 ml of STMAB standard solution 1.0x10”M colition
was made up to the mark with 0.01 M mixture diluted to find H,SO, solution. The
absorbance of the solution was measured by UV-visible spectrophotometer at 520 nm
against the reagent blank in 1.0 cm path length. The amount of titanium(IV) in the
certified alloys was determined by the use of calibration curves. Analysis results of
standard alloy samples are listed in table 2. As seen from this table, the recommended
method is highly selective and sensitive for the determination of microgram amounts
of titanium(IV) in alloys. Relative standard deviations alloys is 1.3%.

Table 2
Results of determination of titanium in aluminium alloys*
Sample Ne | Ti% certified value | Ti %, found RSD% ts

Xt—

Jn
A386-1 0.15 0.157 1.4 0.517+0.003
M207-4 0.19 0.194 1.6 0.19440.005
M207-5 0.32 0.308 1.0 0.308+0.004
M182-1 0.20 0.205 1.7 0.205+0.004

*Certified value (%): Si -(3-10); Fe -(2-3); Mn -1; Cu -2; Zn -1; Mg, Ni -(0,6);
Zr, As - 0.07; Pb -0.2; Be -0.02; Sn -0.01; Al -(85-90): n=5, p=10.95
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Table 3
Simultaneas determination of germanium in synthetic samples”

Composition Mg Ge+A+B Found Mg" Ge RSD% Ge Recovery% Ge
1+5.0 1.0 1.2 100
1+10.0 1.0 0.9 100
1.0+15.0 1.0 1.3 100
1.0+20.0 0.98 1.8 98
1.0+25.0 0.95 2.1 95

a Measured under the same conditions as used for the calibration
b Mean of five replicate determinations

Conslusions

The reaction of titanium (IV) and germanium (IV) with tetrahydroxyazon SN dye
in the presence of the cationic surfactant CTMAB is highly selective and sensitive.

Application of cationic substances gives the possibility to increase solubility of
titanum-tetrahydroxyazon SN-CTMAB and germanium-tetrahydroxyazon SN-CTMAB
complexes in the analysed solution and creates better conditions for the determination.

The results obtained in this work show that the proposed methods for the
determination of titanium and germanium in the presence of CTMAB, are applicable
to a variety of titan and germanium containing samples and that the methods are
simple, selective and accurate.

REFERENCES
Sato sh., Uchikava S. Talanta 33 (1986) 2, p.115-118.
Keshavan B., Prasad K.P. Indian chemistry soc. 68 (1991) 2, p.117-1
Ganago L.I., Alinovskaya L.A., Ivanoval. F., Kovalyova L.V., Anal.Chem, 39 (1984) 2, p.251-255.
Zhang wang, Wang Xincheng, Lihua Jianyam, Huaxue Fence, 33 (1997), 4, p.1359-1362.
Jingzhi G., Qiang H., Qiuju H., Chunying L., Huaxue Fence, 23 (1995), 11, p. 1359-1362.
Yao ch., Xu G., Wang Zh., Huaxue Fence, 19 (1991), 5, p.541-548.
Huseynli A., Koseoglu F., Uysal U.O., Anal.Chem., 17 (2001), p.793.
Huseynli A., Aliyeva R.A., Anal.Chem., 17 (2001), 16, p.83.
Huseynli A., Atilir A., Toxicology, 164 (2001), p.229.
10. Huseynli A., Akima T.G., Sarvin S.B., Azerb.Chem., 1986, 1, p.84-90.
11. Korostelev P.P., Preparation of solutions chemical-analytical warks, M.Nauka, 1994, p.399.
12. Seleim M.M., Indriss K.A., Saleh M.S., Hashem E.Y., Polyhidron, 10 (1986), p.1525
13. Khalifa M.E., Medhat A.H., Hafez., Talanta 47 (1998), p.547-559.
14. Aliyeva R.A., Huseynli A.G., Evtusenko Y.M., Quliyev A.H., Azerb.Chem., Ne 2, 2007, p.23-
28.
15. Aliyeva R.A., Haciyeva S.R., Huseynli A.G., Aliyeva T 1., J. Anal.Chem., 2008, t. 63, Nel, p.27-31.

O XN B W=

Ti (IV) VO Ge (IV) IONLARININ MiQDARLARININ TETROHIDROKSIAZON SN
ILO STMAB iSTIRAKINDA SPEKTROFOTOMETRIK TOYINI

R.O.9LIiYEVA, A.Q.HUSEYINLI, i.H.IBADOV, U.A.GULLORLI, H.L.ROFiYEVA
XULASO

Titanin (IV) vo germaniumun tetrohidroksiazon SN (2,23 A-tetrahidroksi-3'-sulfo-5'-
nitroazobenzol) reaktivi ilo rongli kompleks birlosmalorinin optimal soraitlori dyronilmisdir. Ti
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(IV)- tetrohidroksiazon SN ilo STMAB vo Ge (IV)- tetrohidroksiazon SN-STMAB kompleks-
lorinin maksimum absorbsiyast 520 vo 525 nm, molyar udma omsallari iso 9.37+0.02:10%(Ti)
vo 7,93+0.03-10* (Ge) uygundur.

Ti IV) vo Ge (IV) toyini iigiin doracali ayri STMAB istirakinda 0.08 mq ml™”, Sr-3,1%
va 0-0,6 mq ml (Ge), Sr=2,5% uygun galir.

STMAB istirakinda kompleksomologalmays konar ionlarin tosiri dyronilmisdir Ca (II),
Mg (1), Co (1), Ni (1), Be (II), Cd (II), Mn (II), Cr (II), Pb (II), Se (IV), Te (IV), Al (IIT), La
(III), Br, CI, T, F, NO;3", CH3COO/, sitrat, askorbin tursusu vo tiomogevina toyino manegilik
toratmirlor. Metod Ti(IV) ionunun arintilords vo Ge (IV) ionunun siini qarisuqlarda toyini
islonilmisdir.

CHEKTPO®OTOMETPUYECKOE ONPEJIEJIEHUME MUKPOKOJIUYECTB
Ti (IV) U Ge (IV) C IOMOIIbIO TETPATHIPOKCHA30HA
CN B IIPUCYTCTBUH STMAB

P.A.AJINEBA, A.I.TYCEHWHJIN, U.I . UBAIOB,
Y.ATTOJISIPJIN, X.J.LPAOUEBA

PE3IOME

Hacrosimias paboTa mocasmieHa crekTpoGoToMeTpHIECKOMY METOLy ONpEIeIICHHS TH-
tana (IV) u repmannyma (IV) c 00pazoBaHHEM [IBETHOTO KOMIUIEKCHOTO COETMHEHUS C TETpa-
ruapokcuasorom SN (2,23 ,4-rerparuaporcu-3'-cynbho-5 -HuTpoaszobensorn). OnTHMANTbHOE
ycIoBHE KoMIUIeKcooOpazoBanus koMiniekcoB Ti (IV) - terparunpoxcuazon SN-STMAB u
Ge (IV)-terparmmpokcuazon SN-STMAB naGmogaercs mpu MaKCHMalbHOM IOTJIONICHUN
520 u 525 um. Momstprbiii kodddurment nornomenns (9.37£0.02:10* (Ti) u (7.93£0.03-10*
(Ge), cootBercTBeHHO. ['pamympoBounbIi rpaduk mis ompeneneHus Ti B IpUCYTCTBHU
STMAB 0-0,08 mkr/mi, Sr-3,1% u qusa Ge 0-0,6 mr mu (Ge), Sr=2,5%, cooTBeTcTBeHHO. 13-
OMpaTeNbHOCTh Peaklyy MOKa3bIBaeT, YTo onpeaeneHuo He memaror nonsl Ca (I11), Mg (II),
Co (II), Ni (II), Be (II), Cd (II), Mn (II), Cr (IIT), Pb (1I), Se (IV), Te (IV), Al (1), La (I1I), Br’
, CI, T', F, NO;", CH;COQ', uuTpaT-HOHBI, aCKOPOMHOBAs KUCIIOTa U THOMOYECBHHA. MeTos
NpUMEHUM 151 onpenenieHnst Ti B cruiaBax, a Ge B HCKYCCTBEHHBIX CMECSX.
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