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ABSTRACT

2-hydroxy-1-naphthaldehyde-p-hydroxy benzoic hyahtaz(HNHBH)is used as a new analytical reagent for the
direct and derivative spectrophotometric determimtof yttrium (l11). It reacts with yttrium in bas medium (pH
8.5, ammonium chloride and ammonium hydroxide Buffeform yellow coloredi(max, 410 nm) 1:4 (YHNHBH)
complex. The colour reaction is instantaneous amel dbsorbance remains constant for about 24h. Thkrm
absorptivity and Sandall’s sensitivity were founcbe 6.76 x 1DL mol*cm® and 0.0013 pg ctrespectively. The
system obeys Beer’s law in the range of 0.044-222Ml* of Y (Ill). Tolerance limits of various foreignris
were also studied. The complex was fairly stabtability constant 2.28 x ff) and Second and third order
derivative spectrophotometric methods were alsceldged for the determination of yttrium (1) whighowed
greater sensitivity and selectivitfhe proposed method was applied for the determoimadf yttrium (Ill) in some
nickel based alloy samples and in certain geoldgszenples. The method has high sensitivity, selgctrecision
and accuracy.
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INTRODUCTION

Yttrium (l1l) oxide is the most important compound yttrium. It is widely used to make YVOEu and ¥0s: Eu
phosphors that give the red colour in colour tediewi picture tubes. Yttrium-iron garnet is a veifjeetive
microwave filter. Yttrium-aluminium garnet has ardii@ess of 8.5 and used as simulated diamond. &aminium
and gadolinium garnets of yttrium have interestimagnetic properties. Yttrium-iron garnet is a veffjcient as an
acoustic energy transmitter and transducer. Yttr@aminium garnet, yttrium lithium fluoride and gittm vanadate
along with dopants such as neodymium or erbiumuaetl as infrared lasers. Cerium doped yttrium alium
garnet crystals are used as phosphors to make Whif¥s. Yttrium-90 microspheres have shown promise a
treatment for unresectablepatocellular carcinomaThe superconductor, YBawO,, which was synthesized at
University of Houston showed remarkable supercotidtic [1] above 90 K, in which Yttrium is a keglement.
This was amazing feature because it can operateoat liquid nitrogen boiling point (-195.€).

The literature survey showed that yttrium analysis been studied very sporadically using spectrtopietry. Only
handfull of methods were reported during the I@sy@ars. Of these, most of the methods are lesitisen|2-9]and
less selective [&nd also involve extraction into harmful organi¢veots[3,9] Hence, there is a great need for the
development of more sensitive, selective and simpéhods for the effective determination of micegramounts

of yttrium in the nuclear waste. We are now propgsimple, highly sensitive and reasonably seleativect and
derivative spectrophotometric methods for the deieation of yttrium. The methods were also applied the
analysis of alloy samples and geological materials.
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MATERIALS AND METHODS

Schimadzu 160A UV-visible spectrophotometer (Pdtkimer Singapore Private Limited, Singapore) equibpéh
1.0 cm quartz cell and an ELICO model LI - 610 pldten (M/s ELICO private limited, Hyderabad, Indiagre
used in the present study.

Reagent and solutions

All chemicals used were of analytical-reagent gratiéhe highest purity available procured from MerBoubly
distilled de-ionized water was used throughout ¢lperiment. Glass vessels were cleaned soakingidhifiad
solutions of KCr,O; followed by washing with con. HN{and were rinsed several times with high purity daed
water.

2.1Preparation of 2-Hydroxy-1-naphthaldehyde-p-hydroxybenzoichydrazone (HNHBH):

The reagent (HNHBH) was prepared by simple condansaf 1 mol of 2-hydroxy-1-naphthaldehyde and 4l of
p-hydroxybenzoichydrazide. In a 250-ml ErlenmeyasK, a hot ethanolic solution of 2-hydroxy-1-ndtitdehyde
(5ml, 0.0438mol in 5ml of ethanol), thiosemicarloz{4g, 0.0438 mol, dissolved in10 ml of hot wateeye taken
in 250-ml round bottom flask. Suitable quantity2ml) of glacial acetic acid was added to the reacthixture and
refluxed for 3 hours. [10] On cooling the reactionxture, the reddish brown coloured solid obtaiwes then
separated by filtration, washed and dried. The pecoavas recrystallized from aqueous ethanol inpfesence of
norit and dried irvacuq yield 4.2 g; m.p.27% as shown in Scheme 1.

H-c=—0 H4N —NH_—C— —OH / \
==o___1 4 Il H—C ==N—NH—C— —OH
OH
0 |l on “
hyd benzoic hydrazide —&HUX o —
QO para hydroxy enzmcII ydrazide P ‘ \ 0
2—Hydroxly—l—naphthaldehyde /

2-Hydroxy-1-naphthaldehyde-p-hydroxy benzoic hydrazone
I

Scheme-1

2.2 Characterization:

The compound was characterized by IR and 1H-NMRtsagledata. Infrared spectrum of HNHBH shows baatls
[3467(m) and 3185(m,br)], 3292(m), 3207(m), 1735(s¢rged peaks at 1635 and 1608(m),1466(s), 13834656
to 1591, 1256%) and 1280%) 746, 764 cm-1 respectively corresponding ©H stretchingp (N-H) stretchp (C-H

) bond,v (C=N) stretchingp (C-C) aromatic ringd phenolic (>C=0) stretching and naphthalic( >C=@¢tshing
vibrations respectively§ (C-H)-oop bend (aromatic) vibrations.1H-NMR spaotrof HNBH (CDCI3+ DMSO-d6)
showed signals at 12.10 (2H,s), 10.50 (1Hp8M9 (1H,s), 7.91(4H, s), 6.93-7.65 (5H, m), 8129(d) due to —
OH( phonolic and naphthalic),—~NH, —CH, phenyl, n&gh naphthyl (influenced by the adjacent —CH proof
azomethine group).

2.3 HNHBH solution
The reagent solution (0.01M) was prepared by difsgl31 mg of the compound in dimethylformamide (BMn
25-ml standard flask. The reagent solution is stén at least 12h.

2.4 Yittrium (lll) Solution:

A Stock solution (1 x 18 M) of trivalent yittrium was prepared by dissolgif.303 g of YGJ (Sigma-Aldrich) in
deionized water containing few drops of concentratgdrochloric acid and made up to the mark in 8-10
mlvolumetric flask. Aliquots of this solution wergtandardized [11] with EDTA using xylenol orange as
indicator. Dilute solutions were prepared from thtisck solution.

Solutions of large number of inorganic ions and plaxing agents were prepared form their Analar grad
equivalent grade water soluble salts. In the cddasoluble substance, special dissolution methodse adopted
[12]

2.5 Buffer Solution
Buffer solutions of various pH values were prepasgdnixing 1 M hydrochloric acid and 1 M of sadi acetate
(pH 1.0-3.0), 0.2 M acetic acid and 0.2 M sodiuratate (pH 3.5-7.0), 0.2 M acetic acid and 1 M spdacetate
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(pH 7.0) and 2M ammonium chloride and 2 M ammoniwdroxide (pH 8.0-10.0) solutions in appropriatéaz:
The pH of the solutions was checked with pH meSeitable portions of these solutions are mixedetiotige desired
pH.

2.6. Preparation of Sample solutions:

2.6 a. Preparation of nickel based alloy sample kions [7]

0.5 grams of alloy sample was weighed and dissalvesD ml of a mixture of HN@and HCI (1: 3). The mixture
was heated to near dryness and then added 20 distdfed water and 2 ml of 10% oxalic acid. The pHthe
solution was adjusted to 2.0-2.5 with 1:1 Nsblution. Then 2 ml of 10 % Callas added and observed the
formation of small amount of calcium oxalate préeife. More amount of precipitate was formed whehgf the
solution was increased to 4.0. The solution wdsréd and the precipitate was washed with watee. riecipitate
was re-dissolved in 2 ml of 1:10 HCI and collectedo 50 ml volumetric flask. The solution was déd to the
volume with distilled water and appropriate volumegsre used for the determination of yttrium. Thenpke
solutions were treated with 500 g of thioureanfesk nickel) and then with suitable amount of HNH&tpH 8.5
and the amounts of yttrium present were compuith the measured absorbance values

2.6 b. Preparation of geologicatample solutions

0.5 grams of geological sample was treated withH38O, (10 ml each) mixture in a platinum dish, fumedsamd
bath, cooled in ice, diluted with ice cold wateddiltered. The residue is fused with sodium pedexin nickel
crucible and mixed with the filtrate. Yittrium igqripitated with NHOH, and the precipitate is dissolved in 12N
HNO; and extraction done with 10 ml TB.P. each for 5.n¥iitrium is stripped twice in 10 ml water each &
min. The stripped solution is evaporated on waggth land the residue is leached with 2 ml 10% H@l ewilected

in to 50 ml volumetric flask. The solution was déd to the volume with distilled water and appraf@ivolumes
were used for the determination of yttrium.

2.7 Absorption spectrum

The absorption spectrum was recorded between éliffiad absorbance\@) and the wavelength and shown in fig.1.
As the absorption was maximum at 410 nm, the aizabfsY(lll) was carried out by measuring the altsorce at
410 nm against the reagent blank.

3 Recommended procedures

(a) Determination of Yittrium (lIl) (Zero order)

An aliquot of the solution containing 0.3Q8/ml (or ppm) of yttrium (111),10 ml of NECI- NH,OH buffer solution
(pH, 8.5) and 1.5 ml of 0.01 M HNHBH were combinada 25 ml volumetric flask and resulting solutioas
diluted to the mark with distilled water. The absamce of this solution was read at 410 nm agaewsgant blank.
The measured absorbance is used to compute thenaofortrium form predetermined calibration plot.
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Fig.1.Absorption spectra of Y(lll) - HNHBH Vs
Reagent blank

[Y (] = 1x 10°M
[HNAHBH] = 1.5 x 10'M
pH = 8.5
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(b) Determination of Yittrium(lll) using second and third derivative spectrophotometry

A sensitive second order derivative spectrophotamatethod was developed for the determinationtwfum (I11).

For the second derivative spectra Fig. 3, the sbdanivative amplitudes at 415 nm (peak) and at @62valley)
and third derivative curves Fig. 4 at 415 nm, 460and 476 nm with zero cross at 430 nm and 462 are plotted
against the amount of yttrium. The derivative &iages were measured for different concentratibiy @) and
plotted against the amount of Y (lll). The plotsreiéinear and obeyed Beer’s law in the range 0@8#5ug ml-1

at 415 nm and 0.022-0.84f ml-1 at 462 nm. In the second order derivativehoa, In third order derivative
method, the determinable range was found to bel@(B45ug mL™ at all the three wavelengths (415 nm, 450 nm
and 476 nm). The other analytical and statistiesilts of the derivative methods are presenteghile 1.

RESULTS AND DISCUSSION

The reagent, HNHBH is easily obtained by the emsdtion of 2-hydroxy-l-naphthaldehyde and p-
hydroxybenzoichydrazide. A 0.01M solution of thesagent is stable for 12h. The absorbance data mesh$or
experimental solutions containing different knowmaaunts of yttrium (lll) fitted into a straight linequation
A41~0.7402C -0.0022. Beer’s law was obeyed in the eomation range 0.044-2.222 mL™ of yttrium.

18+ A, =0.7402C -0.0022

1.6
1.44
1.24
1.04

0.8

Absorbance

0.6

0.4

0.2

0.0 T T T T T T T T T
0.0 0.5 1.0 15 2.0 25
Amount of Y(III) (ug mL™)

Fig.2. Applicability of Beer's law

[HNAHBH] = 3.75 x 10'M
Wavelength = 410 nm
pH = 8.5

The molar absorptivity, Sandell’'s sensitivity, @gton limit, determination limit, relative standadeviation,
correlation coefficient and other statistical datahe direct method were evaluated and presentéabie 1.

Table.1. Spectrochemicaland Analytical characteristics of [Y (Ill) — HNHBH]

Direct method Second derivative Third derivative

Characteristics 410 nm 415 nm 462 nm 415 nm 450 nm 476 nm
Beer's law rangeyg mL?) 0.044-2.222 0.011-0.845 0.022-0.845 0.011-0.84501130.845 0.011-0.845
Molar absorptivityg (L mol* cm®) 6.76 x 10 - - - - -
Sandell’s sensitivity(g cm?) 0.0013 - - - - -
Angular coefficient (m) 0.7402 1.6838 0.8299 1.6957 1.6785 1.2804
Y-intercept (b) -0.0020 -0.0005 +0.0004 +0.0005 0088 +0.0003
Correlation coefficient (r) 0.9999 0.9999 0.9999 9998 0.9999 0.9999
Relative standard deviation %) 1.25 0.36 0.28 0.37 0.13 0.82
Detection limit i,g mL?) 0.010 0.0028 0.0025 0.003 0.0037 0.0007
Determination limit 4g mL?) 0.030 0.0084 0.0075 0.009 0.0111 0.0021
Composition(Metal: Ligand) 1:4 - - - - -

4.1 Determination of yttrium (l11)

Yttrium (Ill) reacts with HNHBH in Basic pH to giveoloured complexes in Tablel. The colour reaci®n
instantaneous at room temperature. The order otiaddf metal ion, reagent, and buffer has no cffen the

absorbance of complex. Various physico-chemical @malytical characteristics of the complex are samimad in

Table 1. The stoichiometry of the complex (M: L=)1:%as determined by Job’s continuous variation[18lar

ratio methods. The data obtained in Job’s metheckwsed in the calculation of stability constathe complex,
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it is found to be 2.28 x & Ammonium chloride (2M) -ammonium hydroxide (2M)ffer solution (pH 8.5, 0.2
and T=300K) and equimolar (1.5 x4) solution of Y (lll) and HNHBH were used in thessethods. Derivative
spectrophotometry is a very useful technique in $base that it decreases the interference i.eredses the
tolerance limit value of foreign ions and it may ddventageously used for the second derivativermetation of
metal ion having peak-valley method is more seresitind hence is adopted for the determination df)Y/(

4.2. Interference

The effect of various cations and anions whichgaeerally associated with the metal ion on therd@tetion of
yittrium(lll) was studied by measuring the absortgnf the yittrium complex containing Oug/ml of yittrium (111)
in solution. The colour reaction is developed ascdbed in the standard procedure. An error of + iR%he
absorbance or amplitude reading in the case ofatére methods considered tolerable.

Table.2. Tolerance limits of foreign ions

Amount of Y(Ill) taken = 0.50ug ML pH =85
Tolerance limit Tolerance limit

Foreign ion Foreign ion

(folds) (folds)
lodide 3234 Na(l) 3380
Bromide 2618 K(1), Mg(ll) 3092
Sulphate 2022 Ca(ll), Ba(ll) 2986
Nitrate 1502 Sr(l 2514
Thiourea 1256 Te(1V), Hg(ll), W(VI) 164
Thiocyanate 1148 Se(lV), Zr(1V) 126
Thiosulphate 840 Pb(ll), Cd(l) 80
Chloride 702 Ce(1V), Au(lll) 42
EDTA 242 Ir(I1), Ag(1), TI(H) 26
Tartrate 182 Th(IV), Bi(lll) 20
Carbonate 160 Cr(VI) 10
Oxalate 90 u(VvI) 8,190
Phosphate 60 Mn(ll) 6,50
Fluoride 20 Cu(ll) 2,20
Zn(ll) 2,136
Mo(VI) 2,200
Fe(Il) <1,16
Co(ll) <1,40
sn(ll) <1,240
Ni(I1) <1,40

a: in the presence of 5009 of SCHK: in the presence of 500ug of thiourea
c: in the presence of 400ug of thio sulphate

Table.3. Tolerance limits of foreign ions

Tolerance limit(in folds)
Zero _ Second derivative Third derivative

Foreign

o0 order 415nm  462nm 415 nm 450 nm 476 nm
Ga(l) <1 >100 05 >100 70 10
In(lll) <1 70 80 80 20 10
Al <1 05 07 06 15 20
La(lll) <1 15 20 >100  >100  >100
V(V) <1 >100 >100 >100 >100 30
Pd(ll) <1 35 40 70 80 45

The results are given in Table.2 &3. The dada abthin second derivative method are also incorpdrathe data
suggest that several associated anions and cadmnsot interfere when they are present in largeegxcThe
tolerance limit values for many anions and catiares more in derivative methods. The interferencassiociated
metal ions such as Co (II) and Mn(ll) is decreasét 5001g of SCN. Larger amount of Zinc (II) andKel (I1) do
not interfere in the presence of thiourea and aikphespectively.

4.3. Derivative methods:

In order to improve the sensitivity and selectivitfythe proposed method, the absorbance data vesieatized
twice and thrice and plotted against the wavelenglich gave the resultant second and third ordevatéve
curves respectively. The derivative amplitudeseatain wavelengths were found to be proportionaht amount
of yttrium thus obeying Beer's law. Therefore, theethod was exploited to develop second and thidkror
derivative spectrophotometric methods for the aheiteation of yttrium.
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Fig.2. Second derivative spectra of Y (Ill) -HNAHBH

Amount of Y(III) (ng mLY) :
a. 0.178; b. 0.311; c. 0.578; d. 0.845

154
1.04

1A N\

0.0
il
_05 -

-1.0 4

d®A/dA®

-1.5 4

—
380 400 420 440 460 480 500 520
wavelength (nm)

Fig.3. Third derivative spectra of Y(Ill) -HNAHBH
Amount of Y(III) (ug mt) :
a.0.178; b. 0.311; c. 0.578; d. 0.845

4.4 Applications:

To substantiate the validity of the proposed direethod, it was applied for the determination dfiyi in some
nickel based alloy and geological samples. Theltseesbtained were compared with certified valueg presented
in tables 4 & 5.

Table.4. Determination of yttrium in nickel based doy samples

Amount of yttrium (%)
Certified value  Present method *
A-S-81 0.046 0.045 + 0.004 1.74
A-S-82 0.010 0.0098 + 0.007 2.00
*Average of four determinations + SD

Sample Relative error (%)
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Table.5.Determination of yttrium in geological samples

Amount of yttrium (%)

T 0,
Sample Certified value  Found value * Relative error (%)

USGS G2 1.50 152 +0.04 1.33

USGS G2(6/26) 2.01 1.98 £0.02 1.49

USGS G2(49/50) 1.64 1.63 +0.03 0.61

*Average of five determinations + SD
Table.6. Comparison of the results
Beer's law range ex 10
Reagent (ng mL?Y) (L mol “em) Interference Ref
Arsenazo Il - - 1
Purpurinl,2,4-trihydroxy- ) )
anthraquinone 0.0-15.0 6.1 2
Chrome Azural S 15
Eriochrome Cyanin R - 9.2 - 3
Pyrocatechol Violet 3.3
Molybdophosphoric acid - - 4
4-(2-pryidylazo)resorcinol - - - 5
Bromopyrogallol red 10-50 6
5-4’-(Chlorophenylazo)-6- R Sc(),Eu(ln),La(l),
hydroxypyrimidine-2,4-dione 3.91-7.85 1.60 Gd(lin 7
Dibenzo-18-crown-6 0.81-16.2 0.548 - 8
) 1 - Mn(ll), Sn(ll), (VI), Mo(VI),Fe(ll),Cu(ll),

2_Eygrrgfybtn”;?:;“g'r‘;‘ig'g: 0.044-2.222 6.76  zn(ll), Co(ll), Ni(ll) interference eliminated by Ejrif;st';tmetho §
p-ny Y Y masking agents.

Present
2-Hydroxy-1-naphthaldehide-p- ) ) . (second
hydroxybenzoichydrazone 0.011-0.845 No influence from Ga(lll), In(lll) dr(V) derivative)

method

CONCLUSION

The results of the present direct and derivativéhods were compared with those of some of the dyreeported
methods and presented in table 6. The compariswssthat both the direct and derivative methodpgsed are
more sensitive than majority of the reported meshédirther, the derivative methods are found tanbee selective
than large number of the reported method.
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