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ABSTRACT: Vanadium is quantitatively refained on 2-nitroso-1-naphthol-4-
sulfonic acid tetradecyldimethylbenzylammonium chloride onto microcrystaliine
naphthalene in the pH range of 3.0-4.0 from a large volume of agueous solutions
of various alloys and synthetic samples. After flrration, the solid mass consisiing
of the vanadium complex and naphrhalene was dissolved with 5.0 mL of dimethyl-
formamide and the metal was determined by scond derivative spectrophotomerry.
The detection fimit is 40 ppb (signal to noise ratio= 2) and the calibration curve
is linear over the concenfration range of 0.08-20 ppm in dimerhylformamide solu-
tion by measuring the distance d*AjdA’ between A (575 nm) and 5 (510 nm) with
e correlation coefficient of 0.9995 and relanive standard deviation of *0.98%.
The effect of pH, volume of aqueous phase and interference of a large number of
meral lons on the determunation of vanadium was studied and the developed
method is found to be highly selective and sensitive.
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INTRODUCTION

Vanadium is one of the most important element
which affects the physical properties of steel, alloys
and high purity metals. It is widely distributed in
earth’s crust, its compounds can be highly toxic to

man and animals and cause environmental diseases
when released in the atmosphere [1]. It has also been
noted that the environmental background levels of
vanadium have been slowly rising as a result of the
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combustion of [ossil fuels which have high vanadium
content [2]. Vanadium s therefore, important not
only because of the toxicity at high levels but also
becausc it is an environmental pollutant [3]. Occupa-
tional exposure to vanadium has been observed in
several industrial processes, for example, in iron and
stecl praduction, in the manufacture of pigments,
printing inks and paints, in the glass industry and in
the cleaning and repairing of oil [ired boilers,
particularly in electricity power stations [4-6]. Very
low concentrations of vanadium are present in various
matrices such as plants, soils and sea-water. There-
lore, it is very important from the analytical point of
veiw 10 develop sensitive, selective, rapid and economi-
cal methods for 1S quantitative determination even
when present in (race amounts. NAA, AAS, praphite
furnace-AAS, ICP-AES, ICP-MS may be used for the
trace detcrmination of metals in complex materials,
hut these instruments are highly expensive, high cost
maintenance and not free from various types of in-
herent interferences |7-10).

2-Nilroso- I-naphthol-4-sulfonic acid (Nitroso-S)
wus introduced by Hoffinan [11] as a qualitative
analytical reagent for cobalt, copper and iron and
applied 10 (he colorimetric determination of cobalt
by Wise and Brandt [12}. The reagent formn water-
soluble ¢helale anions with metal ions, but the high
ahsorption of the reagent blank at the measurement
wavelenglh  makes the Nitroso-§ procedure more
troublesome. Moromizu and Toef reported the extrac-
tion ol rhe Cu(Il)-Nitroso-S anion with tetradecyl-
dimethvibenzylammonium (TDBA) cation [13]| and
Fe(Il)-Nitroso-S anion with azo dye cation in chloro-
forin [14]. Solvent extraction is a simple and convenient
technique for xeparating and concentrating metal ions,
hut it cannot be apptlied directly to metal ions which
form stable complexcs with the chelating agents only
at elevated temperature. This difficulty can be over-
come by using naphthalene as the extractant [15] for
thermally stable metal chelates [16]. Solid-liquid
separation alter adsorption of metal chelates on micro-
crystalline naphthatalene is more raptd and convenicnt
and can he applied to many types of metal complexes
[17-19].

fn this paper, an efficient method for the precon-
centration of vanadium from a large volume of the
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aqueous solutions of various standard reference mate-
rials with 2-nitroso-1-naphthol-4-sulfonic acid-TDBA-
naphthalene adsorbent is described. The method is
economical (all reagents are cheap compared with
many other reagents used recently |20-27].), rapid
(the metal complex simply to adsorb onto microcrystal-
linc naphthalene) and sensitive (the solid mass can
be dissolved in 3-5 mL of an organic solvent, and the
whole of the selution may be used for the absorbance
measurement). The solid mass, consisting of the
metal ion associated complex and naphthalene, can
easily be dissolved with a suitable organic solvent
such as dimethylformamide (DMF) and the vanadium
is determined hy second derivative spectrophoto-
meliry. The metal can also be determined by directly
aspirating the DMF solution into the flame of an
AAS instrument, but the instrumeni is relatively
expensive, and it is not free from matrix effects.
Various parameters were evaluated and the optimi-
zed conditions were utilized for the trace determina-
tion of vanadium in various standard alloys and syn-
thetic samples.

EXPERIMENTAL
Apparatus and reagents

A Shimadzu UV 160 spectrophotometer with a 1.0
cm quartz cell were used. A Beckman pH meter was
employed [or pH measurements. All galssware was
washed with mixture of concentrated sulphuric acid
and nitric acid (L+1) hefore used. All the reagents
used were of analytical grades NF, VO, was dissolved
in a few mL of 1 M NaOH, acidified the solution
with dilute HCl and then diluted to 1000 mL in
standard flask and standardized by known methods
[28]. A more dilute solution of vanadium (1 ppm)
can be prepared by diluting the standard solution. A
buffer solution of pH=3.5 was prepared by mixing of
0.5 M acetic acid and (.5 M sodium acerate solutions
in appropriate ratio. A 1% solution of tetradecyldi-
methylbenzylammonium chloride (TDBA) and 0.1% 2-
nitroso-l-naphthol-4-sulfonic acid (Nitroso-5) were
prepared in distilled water. A 20% solution of naph-
thalene was prepared in acetone. Solutions of alkali
metal salts (1%) and varicus metal ions (0.1%) were
used for studying the interference of anions and
cations respectively.
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General procedure

An aliquot of vanadium solution {(containing 0.4-
100 pp) was placed in a 100 mL an Erlenmeyer flask
with tightly fitting stopper. Then 1 mL of 0.1% of the
reagent (Nitroso-8) was added and diluted to 30-40
mL with water. The pH was adjusted to =3.5 with 2
mL of the buffer and then, 2 mL of 1% TDBA solu-
tion was added. The solution was mixed well and
allowed to stand for few seconds. Then, 2 mL of a
20% solution of naphthalene in acetone was added to
it with continuous shaking. The solid mass so formed
consisting of naphthalene and metal complex was sepa-
rated by filtration on a Whatman filter paper (No.
1041). The residue was dried in the folds of a filter
paper and transferred to the Erlenmeyer flask. The
solid mass consisting of the metal complex along with
naphthalene was dissolved with 5.0 mL of dimethyl-
formamide (DMF). The second derivative absorption
spectra in the range 400 to 600 nm was recorded
against a blank solution prepared in the same way.
The signai was measured between A= 575 nm and
A;= 510 nm. A calibration graph was prepared by
taking various known amounts of vanadium under
the conditions given above.

RESULTS AND DISCUSSION
Spectrophotomeltric measurements

The zero order and second order derivative
spectra of the complex are shown in Figs. 1 and 2
respectively. As can be seen, the higher wavelength
peaks of the derivative spectra are more significant.
Derivative leads to sharper zero-order bands and
gives higher signals in the resulting spectra. The
characteristics of derivative spectra, such as peak
height and noise level depend on the choice of para-
meters such as order of derivative, scan speed and
integration time during recording of the spectra. The
optimum parameters were chosen from preliminary
experiments. The best results were obtained from
second derivative with wavelength interval (A1) 9 nm.
In the present work a peak to peak method between
Ay = 575 nm and A, = 510 nm was applied.

Retention characteristics of nitroso-S-TDBA-

naphthalene
2-Nitroso-1-naphthol-4-solfonic acid (Nitroso-§)
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Fig. 1: Zero order specirum of V-Nitroso-S-TDBA-naphthalene
in DMF solution (A) and against reagent blank (B): V, 25 ug;
pH, 3.5; and solvent, 5.0 mL of DMF.
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Fig. 2: Second order derivative spectrum of V-Nitroso-5-TDBA-
naphthalene complex in DMF solution against biank: V, 25
ug: pH, 3.5; solvent, 5.0 mL of DMF; and A, 9.

isapplied asanalytical reagent for V(V)and is formed
V(V)-Nitroso-S complex. Tetradecyldimethylbenzyl-
ammonium (TDBA™) is applied as counter ion for
adsorption of this metal complex to naphthalene and
V(V)-Nitroso-S-TDBA-naphthalene is formed as solid
phase which can be easily separated by filtration from
aqueous solution. This solid is dissolved with 3-5 mL
of dimethylformamide (DMF).

The TDBA chloride 15 water soluble well known
quaternary ammonium salt widely used as counter ion
in anionic metal complexes in the solvent extraction
of metals. The reagent 2-nitrosc-1-naphthol-4-sutfo-
nic acid has one sulfonic acid group capable of disso-
ciation and thus it can form ion pairs (Nitroso-S:
TDBA=1:1) with quaternary ammonium cations as
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follows.
CIUHS(OH)(NO)—SO3' + (R)4N+ —
[C ot (OH)(NO)~SO,] "[R N]* (1)

The ion pair formed between the anionic Nitroso-S
and cationic TDBA™ easily coprecipitated with micro-
crystalline naphthalene. The ion-pair reaction between
Nitroso-S and several well known quaternary ammo-
nium salts were therefore tried to develop new adsor-
bents. Preliminary results indicated that only TDBA™*
and cetyltrimethylammonium (CTMA™) can form ion-
pair with Nitroso-S. In the present study TDBA™ as
the counter ion has been selected, since it is rela-
tively cheaper than CTMA™ and has excellent reten-
tion characteristics for metal ions.

Reaction conditions

These were established with the use of 25 ug
vanadium. The adsorption of vanadium on this
adsorbent was found to be a maximum in the pH
range 3.0-4.0 (Fig. 3). In subsequent studies, the pH
was maintained at approximately 3.5. Addition of
0.5-5.0 mL of the buffer did not affect the retention
of vanadium .and the use of 2.0 mL is recommended.
Various amounts of 0.1% reagent (Nitroso-S) were
tried. Vanadium as V(V)-Nitrose-S-TDBA-naphtha-
lene was quantitatively adsorbed over the range
0.4-4.0 mE of the reagent. Therefore, 1.0 mL of the
reagent is recommended in the present study.

Various amounts of 19 counter ion of tetradecyl-
dimethylbenzylammonium chloride (TDBA)} were
tried. It was observed that the signal height remained
constant with the addition of 0.3-50 mL of the
counter ion. Therefore, 2.0 mL of the counter ion
was used in subsequent studies.

Various amounts of naphthalene (20% solution of

100

% retention
h
[=]
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Fig. 3: Effect of pH on retention of vanadium: V, 25 ug
solvent, DMF; AA, 9; and reference, reagent blank.
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Fig. 4: Calibration curve for vanadium in DMF solution by
second derivative specirophotometry from signal peak to peak
measurements between A and A, . For conditions, see Fig. 2.

naphthalene in acetone) were added to the sample
solutions keeping other variables constant. It was
observed that the signal height remained constant
with the addition of 1.0-4.0 mL of 20% naphthalene
solution. Therefore, 2.0 mL of 20% naphthalene solu-
tion was used in subsequent studies. The effect of
shaking time on the adsorption indicated that the
signal height remained constant over a range of 0.5-
7.0 min. Therefore, 1.0 min of shaking time was
maintained in the present work.

The volume of the aquecus phase was varied in the
range of 10-700 mL under the optimum conditions,
keeping other variables constant. It was observed that
the signal height was almost constant up to 200 mL
{(precondentration factor of 40). However, for con-
venience, all the experiments were carried out with
40 mL of the aquecus phase.

Choice of solvent

A number of solvents were tried to dissolve the
V-Nitroso-S-TDBA-naphthaiene. Since the solid
mass was dissolved in a small volume (3-5 mL} of the
solvent, it was essential to select a solvent in which
the chelate is highly soluble, stable and also sensitive
for UV-Vis spectrophotometry measurements. The
solid material was found to be insoluble in ordinary
organic solvents such as toluene, 1,2-dichloroethane,
n-hexane, nitrobenzene, isoamyl alcohol, n-amyl alco-
hol, ethylacetate, methyl-isobutylketone, chloroform,
and dioxane but soluble in dimethyl sulfoxide, dimethyl-
formamide (DMF), and propylene carbonate. DMFE was
preferred due to the high solubility and stability, It
was found that 2-3 mL of this solvent was sufficient
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to dissolve the mixture thus enhancing the sensitivity
of the method. As only a small volume (3-5 mL) of
thesolvent was used to dissolve the complex and naph-
thatenc, therefore, it was essential to study the effect
of water aflached to naphthalene. It was noted that
water decreascd the absorbance by 12-15% and led to
anerror in the determination. Thus it was necessary to
eliminaie the water attached to the naphthalene and
the residue was dried in the [iclds of a filter paper.

Calibration

The calibration curve (Fig. 4) for the determina-
ton ol vanadium was prepared according to the general
procedure under the optimum conditions developed
above.

The detection limit was 40 ppb for vanadium at
the minimum instrumental settings (signal to noise
ratio= 2). The linearity was maintained in the con-
centration range of 0.08-20 ppm vanadiuvm with a cor-
relation coeflficient of 0.9995 (n= 6) and the relative
standard deviation far 5 ug mL~" of vanadium was
found (o be .98% (n=0).

Effect of diverse ions

Various salis and metal ions were added indivi-
dually 1 a solution containing 25 pg of vanadium
and the geneval procedure was applied. The tolerance
timit {crror <3%7) is given in Table [. Among the salts
examined, many did not inter{ere atthe gram or milli-
gram level. Among the metal ions studied, most did
not nterfere at the milligramn level except Fe(IIT) and
Cu(llywhich interfered but their loweramounts could
be tolerated after masking Fe(1f]) with 2 mL of 5% NaF
solution and Cu{ll) with 0.2 gofthiourea and 0.1g of
Na,5,0; or hoth could he masked with EDTA. Thus
the method developed above is [airly selective and
sensitive and has been applied to the determination
of vanadium in various complex materials.

Analysis of standard alloys

The proposed method has been applied to deter-
mination of vanadium in Nippon Keikinzoku Kogyo
(NKK) CRM 916 aluminium alloy, NKK No. 920 alumi-
niumalloy and NKK No. 1021 Al, Si, Cu, Zn, alloy. A
0.1 g sample of the standard alloy was completely
dissolved in 4-5 mL of hydrochloric acid (1+1) by
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Table 1: Effect of added salts and metal fons.

a Salt or ion Tolerance limm
CH,COONa.3H,0, KNO, , NH,Cl lg
K,50, 600 mg
Thiourea, NaF 300 mg
Na, POy, K,CO, 250 mg
K1 200 mg
Na,5,0, 95 mg
Sodium potassium tartrate 25 mg
KSCN 2(t mg
Trisodium citrate, sodium oxalate 19 g
Na,EDTA 100 pg
Mg(1I) [50 mg
Ca(ll) 70 mg
Pb(IT}, Sb(1IT) 10 g
Cd(IT), Mn(IT}y, Ti{VI) S mg
Ag(T), Zn(I1) 4 mg
Ni(IT), Cr(VL), AI(1IL), Se(VI), Cr(Ill) 2 mg
Te(IV), U(VD 1.5 mg
Ga(lID), Pd{1l 1.0 mg
Fe(IID) 1.0 myg*
Hg(ID). Bi(IIly (0.9 my
Ru(Ily, Os(VIII), Co(Il) .6 mg
Cu(Il) 0.2 ng"

a) After masiking with 2 mL of 5% NafF solution.
b) After masking with 0.2 g thiourea and 0.1 g NaSy()y.

heating onawater-bath and then 1 mL ot 309% hydro-
gen peroxide was added to the solution. The excess of
peroxide was decomposed by heating the sotution on
a water-bath. The solution was cooled and filtered if
needed and the filtrate was diluted to 100 mlL with
douhly distilled water in a calibrated flask. An ali-
quot (-2 mL) of this solution was taken and vanadium
was determined hy the general procedure (Table 2.

Analysis of synthetic samples

A synthetic sample containing vanadium was pre-
pared in 1Y mL of concentrated hydrochloric acid
(1+1). The solution was filtered if needed, and the
votume was made to 100 mL in a standard tlask. An
aliquotof the sample (40-100 mL)solution was analy-
zed by the general procedure and the results are
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4 Sample Composition % Concentration % and h
Certified value Found

NKK No. 916 Si, 0.41; Mg, 0.10; Cr, 0.05; 0.02 0.019x0.001
aluminium alloy  Ni, 0.06; Zn, 0.30; Pb, 0.04;

Sn, 0.05; T1, 0.01; Zr, 0.05;

Bi, 0.03; Co, 0.03; Sb, 0.01;

Cu,0.27, Mn, 0.11 B, 0.0006;

Fe, (.54
NKK No. 1021 Pb, 0.18; Ni, 0.14; Zn, 1.76; 0.007 0.00680.0006
Al Si, Cu, Zn Sn, 0.10; Mg, 0.29; Cr, (.03;
alloy Ti, 0.04; Si, 5.56; Zr, 0.01; Bi,

0.01; Sb, 0.01; Ca, 0.004; Fe,

0.99; Cu, 2.72; Mn, 0.20
NKK No. 920 Co, (1L10; Ni, 0.29; Cr, 0.27; 0.15 0.148+0.005
aluminium alloy  Si, 0.78; Ti, 0.15; 8n, 0.20;

Pb, 0.1%; Bi, 0.06; Ga, 0.05;

Zn, (1L.80; Sb, 0.10; Ca, 0.03;

Mg, (L46; Fe, 0.72; Cu, 0.71;

K Mn, 0.20

* Average of five deierminations, + siandard deviation

+ Standard addition method was applied

2 mL of 5% NaF solution, 0.1 g of NaS,05 and 0.2 g thiourea were added as masking agents.

given in Tahle 3.

CONCLUSION

A simple, cconomical and highly selective adsor-
bent has heen gencrated simply by mixing the
aqueous <olutions of Nitroso-S salt and TDBA™Y CI”
with the acerone solution of naphthaiene for the
preconcentration of vanadiwm from the large volume
of the aqueous selution of alloys and synthetic
saomples. Since Nilroso-S5 reacts with many metal
therefore, similar procedure may alse  be
developed for other metal ions too. It is not possible

ions,

to develop selective methods for metal ions using
microcrystalline  naphthalene since many metal-
Nitraso-S complexes absorb at close wavelengths.
However, with the use of derivative spectrophoto-

metry this problem can be easily solved.
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