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ABSTRACT

The present work considers a new reagent 2-amino-3-(4-bromo phenyl
az0)-8,9 dihydro-7H-pyrazol o[ 1,5-a] quinazolin-6-one (BrPhPQ) for the se-
lective determination of zirconium and hafnium ions in aqueous solution.
A complete study is made to ascertain the (BrPh-PQ) for quantitative deter-
mination of Hf ionsin presence of Zr species. The reagent gave a stable
yellow colored complex with both metal ions under the same conditions of
pH but the Hf-complex was not formed at pH 3.2-4.7 range. The complex
had an absorption maximum at 368 nm and followed Beer’s law in the con-
centration range (0.005-1) pg/ml. The molar absorbitivities of aqueous Zr
and Hf complexeswere 1.68 x 10° and 2.51 x 10° [.mol*.cnm respectively.
The method was applied for direct determination of Hf (V) and Zr (1V) in
zircon mineral. Results of analysis using the suggested procedureswerein
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INTRODUCTION

Numerous reagents had been proposed for spec-
trophotometric determination of Zr (1V) inparticul ar,
the metallochromicindicators”, however, Hf (IV) in-
terfered serioudly. Therefore, it waslittlebet difficult to
find aspecificandyticd reagent for each one. Theprin-
cipd of thesetechniquesdepended mainly ontheexist-
enceof severa differential methods, based on differ-
ences between Zr and Hf complexesor the presence
of specific masking agentg®%. A survey of thelitera-
tureshowed that alimited number of pecificchromoge-
nic reagents had been used for determination of Hf (1V)
inthepresenceof Zr (IV)*Y. Themost common meth-
odsfor thelater determinations of elementswerere-
ported by Cheng and Challig'?. Cheng’s method for

determination of Hf (IV) isbased ontheuse of hydro-
gen peroxideto mask Zr (1V). Also, s multaneous de-
termination of both metal ionsin high temperatured-
loyswasintroduced by Dulski*®. Thereactionsof Zr
(V) and Hf (IV) species with 4-(2-pyridylazo)-2-
naphtholenol (PAN), arsenazo 11, 4-(2-pyridylazo)
resorcinol (PAR), 2,4-dihydroxy benzaldehyde
isonicotinoyl hydrazone and sdlicyl fluoronewerere-
ported!+18, The 2,2x,3,4-tetrahydroxy-3x-sul pho-
5x-carboxazobenzene reagent and Janus green dye
were also proposed®*®, Actualy, most of these meth-
odssuffer fromlow sensitivity and selectivity.

A seriesof synthesized reagentsweretried for avail-
ability of Zr (IV) and Hf (IV) determination. Thiswork
presents anew synthesized reagent to be used for di-
rect determination of Zr (IV) and Hf (IV) in agueous
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solution. To devel op the reagent, the parameters (pH,
absorption spectra, concentration of dye, etc....) that
affect Zr (IV) and Hf (IV) anaysishave been investi-
gated to provide optimum conditionsfor their determi-
nations.

EXPERIMENTAL

Reagentsand solutions

BrPh-PQ solution. An accurate weight of 2-
amino-3-(4-bromo phenyl azo)-8,9 dihydro-7H-
pyrazolo (1,5-a) quinazolin 6-onewasdissolvedin 100
ml of ethanol/N,N dimethyl formamide (DM F)?24,

Zirconium (1V) oxychl oride octahydrate powder
(2rOCl,,.8H,0, 99.5%, Riedel de Haén), hafnium ox-
ide powder HfO, (98.0%, Aldrich), sodium hydroxide
pellets (97%, Sigma-Aldrich), sulphuricacid (18 M,
98%), hydrochloricacid (12 M, 36.5%) and sodium
pyrosulfate powder (99%, Fischer) used, wereof ana
Iytical reagent grades.

Analytical procedure

Zirconiumsolution. Stock solution of 1000 pg/ml
Zr (1V) was prepared by direct dissolution of 0.353
gm zirconium oxy chloride ZrOCI..8H,0 (Riedel .de
Haen) in 100 ml 2M HCI.

Hafniumsolution. The 1000 ug/ml Hf (IV) stock
solution was prepared by fusing 0.118 gm HfO,
(Aldrich) with 2 gm sodium pyrosulfatethen dissolved
in 10 ml diluted H,SO, (1:1) and completed to 100 ml
withdigtilled water.

Working solutionsof Zr (IV) and Hf (IV) werepre-
pared and used for analytical experiments.

Zircon sample preparation. A 0.05 g of zircon
sample (99.5%) supplied from Nuclear Materia sSAu-
thority, was mixed, fused and heated with 1.0 g of so-
dium hydroxidefor 30 minutes. Thedigested sample
was|eached and dissolved in 30 ml HCI acid solution
(1:1) whileheating then mixed and diluted with double
distilled water up to 100 mit4,

Synthesisof or ganic compound (Br PhPQ)

For thispurpose, one -diketone namely; 2-((dim-
ethyl amino) methylene) cyclohexane-1,3dionein py-
ridine, (10 mmol) was selected asstarting materid. To
thelatter an appropriateamino pyrazolo derivative (10
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mmol) wasadded and refluxed for 30 min. The solid
product wasfiltered off, washed with ethanol and re-
crysdlizedindimethyl formamide (DMF) toaffordthe
pyrazolo (1,5-a) quinazolin-6-onederivativein 96%
yield, mp. > 300 °C (ethanol /DMF)?2, Thereagent
hasye low color, stableat room temperatureand soluble
inorganic solvents. Constancy of melting point and 1.R
spectrum of the synthesized reagent proved that thesta-
bility of the reagent. The spectral dataof the synthe-
sized compound is listed below, and illustrated in
TABLE landFigure1-3.

TABLE 1: Spectral dataof syntheszed compound (Br PhPQ).

Type Analysis
3425, 3271 (NH,), 1682
IR (KBF) Ymac/om™ (C=0), 620 (C=N), 1543

(C=N)

$2.22(t, 2H, CHy), 2.65(t, 2H,
CHy), 3.30(m, 2H, CH,), 7.40
(S, 2H, NH,), 7.67 — 7.83(m,
4H, ArH), 8.85 (S, 1H, CH)
386 (M+1), 385 (M"), 278,
229, 145, 107, 67

C, 49.89; H, 3.40; Br, 20.74;

'H NMR (DM SO-d6

MS (m/2)

Analysis of imperical Calculated

formula N 21.82 %
Ci6H13BrNgO C, 49.91; H, 3.43; Br, 20.70;
(385.22) Found N 21.85%

Thereaction of 2-amino-3-(4-bromo phenylazo)-
8,9 dihydro-7H- pyrazolo[1,5-a] quinazolin-6-oneis
showninthefollowing Scheme 1.

o Br.

™ NMe, N T{
- NH
o Hy \N/
l -H,O

N
e S
+
HN— N

2-amino-3-(4-bromophenylazo)-8.9 dihydro-7H-
pyrazolo[1,5-a] quinazolin -6- one
(BrPhPQ)

Scheme 1

2-((dimethylamino)
methylene) cyclohexane-
1.3 dione

4-(4-bromophenylazo)-3.5-
diaminopyrazole

Br.

JOR

HNMe,

Dimethyl amine

Color development and spectr ophotometry

To 25 ml flask containing an aliquot of Zr (1V) and
Hf (IV) at solution pH 6, 1.25 ml of 0.025% BrPhPQ
solution wasadded, mixed and then diluted to themark
with doubledistilled water. In therequired cases, the
pH of the aqueous sol ution was adjusted tothedesired
vaueusing 2M NaOH and 2M HCl solutions. There-
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actionwasinstantaneousand maximum absorbancewas
attained after 15 min. The absorbance was measured

at 368 nmin 1.0 cmcell against water reagent blank as
reference.

E-ls e ls: 1 Fatataltel

Figurel: IR spectraof BrPhPQ reagent powder.

Element analysis

Spectrophotometric analysisof Zr and Hf e ements
were performed using spectrophotometer, Unicam
UV 2-100. The concentrationsof other eementsinclud-
ing (silica, total iron, etc.) were determined using the
standard methods of analyses®.

IR spectraof thereagent and prepared complexes
wererecorded in potassium bromidedisksusingaPye
Unicam SP 3300 and Shimadzu FTIR 8101 PC IR-
spectrophotometers. NMR and Mass spectra were
recorded using Varian Mercury VXR-300 NMR and
Shimadzu GCM S-QP 1000 EX mass spectrometers
respectively at accurateanadysislab., Cairo University.

RESULTSAND DISCUSSION

Absor ption spectra

The absorption spectraof BrPhPQ ligand and its
(Zr (IV) and Hf (1V)) complexeswere made against
reagent blank solution prepared in the sameway asthe
analytica solution. It showed well defined peak at 368
nm. Theabsorption spectrum of theblank, the Zr-com-
plex and Hf-complex at pH 6isillustrated in Figure 4.

Effect of variables

(a) Effect of pH

The effect of pH on the color development of
BrPhPQ of Zr and Hf complexeswasinvestigated at

Hnalytical CHEMISTRY o

pH (1-12) values. Zr ionsreacted quantitatively inthe
pH range 4-7 asshown in Figure 5, however, Hf che-
late was not formed over the pH range 3.2-4.7. This
behavior can be explained on the basesthat the chem-
istry of zirconium and hafnium speciesisclosely con-
nected to their capability to form polymeric species
under acidic condition??. Zamoraand Martins stated
that hafnium presentsahigher tendency to polymerise
in solutionsforming polymeric speciesthat hinder its
complexation®. Therefore, theacidity should becare-
fully controlled to determine both metal ions.

U T =
) Zr-complex
0.6 -
05 4

Hf-complex

04 -
03 -

02 4

Abs., intensity

03 4 Blank

0 ' . " —_

0 200 400 600 800
wavelength (nin)
Figure?2: Absorption spectra of Zr-Br PhPQ.
(b) Effect of BrPhPQ concentration

At concentration (0.3 pg/ml) of the studied cations
species, the absorbance of complex initidly increased
rapidly withincrease of the BrPhPQ ligand concentra-
tion, then leveled off at the maximum concentration of
0.025% BrPh-PQin ethanol/N,N dimethyl formamide,
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Figure 6. Thus, 0.025% is considered as optimum
BrPhPQ concentration and was sel ected for subsequent
experiments.
0.7 4
//H—KH\\
\
~—. )
04 4 — I
03 - Hf

06 4

05 A

0.2 4

Abs. intensity

0.1 4

0 I T Ll b ol I T T I T T I 1 1
] 9 10 11 12 13

PH
Figure3: Effect of pH ontheformation of Zr and Hf com-

plexes.
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Figure4: Effect of BrPhPQ concentration on color develop-

ment.
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Figure5: Effect of volume of BrPh-PQ on complex for ma-
tion.

(c) Effect of volume of BrPhPQ

Theobtained dataindicated that 1.25ml of 0.025%
BrPhPQ sol ution wasadequatefor obtai ning maximum
absorbanceof 0.3 ug/ml of Zr or Hf ions studied in 25

—= Fyll] Peper
ml flask, Figure?7.
(d) Effect of time

Thiseffect wasstudied a varioustime periodsrang-
ing from 5to 210 min. The obtained results, Figure8,
proved that the absorbance of Zr chelate occurred
withinfew minuteswheretheabsorbanceintenstieswere
gradually increased by increasng thestandingtime and
reached the constant val ues after 15 min. The absor-
bance of thiscomplex was constant over atime period
extended to 180 min. After thelatter time, the complex
wasgradua ly decomposed.
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Figure6: Effect of timeon color development of thefor med
Zr-complex.
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Figure7: Calibration curvesof Zr and Hf with synthesized

reagent BrphPQ.
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Figure9: IR analysisof synthetic compound in ethanol/DMF.
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Figure10: IR analysisof Zr—(Br PhPQ) complex at pH 6.
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Figurel12: IR analysisof Hf — (BrPhPQ) complex at pH6.

= Analytical CHEMISTRY
Au Tudian Yournal




374

Spectrophotometric determination of zirconium (1V) and hafnium (1V) with pyrazolo (1, 5-a)

ACAIJ, 12(10) 2013

Full Peaper ==
(e) Beer’slaw

Under the optimum conditions, the constructed
calibration curves, Figure 9 werelinear in the concen-
tration range 0.005-1 pg/ml, with correlation coeffi-
cient 0.999. The standard deviations obtained from
ten measurementsof 0.25 pg/ml Zr standard solution
was0.06. Job’s method® of continuousvariation and
themolar ratio method were applied to ascertain the
stoichiometric composition of the complex. A
Zr:BrPhPQ (1:2) complex indicated by molar ratio.
Thestructure of the Zr or Hf complex wasillustrated
inFigure 10.

(f) Analysisof synthetic mixtures

Asprevioudy mentioned, both (Zr (1IV) and Hf (1V))
complexes absorbed appreciably at pH 6 whileinthe
rangepH 3.2-4.7 only Zr-complex wasabsorbed. Thus
if thecolor of amixtureof Zr (IV) and Hf (IV) solution
was developed at pH 6 and later at pH 4, zirconium
ionswasdetermined only. Thedifference of the absor-
bancewould represent the amount of Hf.

In this respect, the organic compound (BrPhPQ)
anditscomplexeswith Zr (IV) and Hf (IV) wereinves-
tigated using IR techniqueto comparetheir differences
inthe peak positionsand intensities at acidities. The
dataaredocumentedin TABLE 1 and featuredin Fig-
ures 11-14, it describesthe spectral dataof thefollow-
Ing
(1) Theorganic compound (BrPhPQ) in ethanol/N,N

dimethyl formamide.

(2) Theformed Zr-BrPhPQ complex at pH 6.
(3) Theformed Hf-BrPhPQ complex at pH 4 and 6.

Resultsoutlinedin TABLE 2 demonstrated thet both
Zr (IV) and Hf (1V) formed complexeswith the syn-
thesized reagent at pH 6 whereastheamino group NH,,
consumed. Onthe contrary, Hf-BrPhPQ complex was
not formed at pH 4, i.ethe amino group appeared.

Anexperiment wascarried out to determineHf (1V)
inpresenceof Zr (1) through control of acidity of syn-
thetic mixtures of thetwo meta ionsin different pro-
portional. Theresultsobtained in TABLE 3indicate
high accordance between individua metal cationsand
synthetic mixturesof Zr (1V) and Hf (IV) speciesat pH
4 and 6. It can readily be assumed that the determina-
tion of Hf (IV) in presence of Zr (IV) or vice versa
would bepossible.

TABLE 2: IR spectral dataof Zr and HF complexes.

Major (BrPhPQ) Zr-(BrPhPQ)(m) Hf-(BrPhPQ) (m)
groups (vs) pH 6 pH6  pH4
Aliphatic
C-H 29779 2978.9 29789  2978.9
C=0 17165 1651.0 16363 17165
C=N 16394 2102.3 2077.9  1639.4
N=N 19287 1959.5 19287 19595
N-H 33639 3274.9 34346 33639
NH, 3664.5 3664.5
C-Br 6712 667.3 65857  971.2

vs. very strong; m: moderate

TABLE 3: Absorbanceanalysisof theindividual and mixed
complexes.

Absor bance

Constituent SD
pH6 pHA4

0.250 pg/ml Zr** 0.463 0.462 0.005
0.050 pg/ml Hf*" 0.075 0.040
0.025 pg/ml Hf*" 0036 - 0.050
0.25 ug/ml Zr* + 0.05 pg/ml H* 0540 0.462 0.07
0.25 pg/ml Zr* + 0.025 pg/ml HE* 0.498 0.462 0.09
0.25 pg/ml Zr* + 0.0125 pg/ml HE* 0480 0.462 0.08
0.375 pg/ml Zr** + 0.0125 pg/ml Hf*  0.711 0.694 0.1
0.75 pg/ml Zr* + 0.0125 pg/ml Hf* 1404 1386 0.11

Effect of foreignions

Theeffect of foreignionson the determination of
0.250 ug/ml Zr** and 0.05 pg/ml Hf*were studied by
theuseof the proposed method at opti mum conditions.
Thecriterionfor interferencd® wasan absorbancevaue
varying by morethan =+ 5% from the expected value for
Zr (1V) and Hf (IV). Theresults are summarized, in
TABLE 4. Theresultsshow that, all ionshaveno sig-
nificant effect on the determination of Zr (1V) and Hf
(IV). Thequantities of these diverseions mentioned
weretheactual amountsadded and not thetolerance
limits. Commonions (U%, Th*, Nb* and Ti*") sus-
pected to beintheanalyte zircon solution weretested
using standard solution of Zr (1V) and Hf (1V). The
obtai ned resultsindicated that the latter studied metal
ionsdo not impart any interfering effect upto 5 ug/mil.
Also, silicate, phosphate and chloride anionshad no
effect onZr (1V) and Hf (1V) measurement.

Application
The optimized method using BrPhPQ reagent was

Hnalytical CHEMISTRY o
A Tndéan W



ACAIJ, 12(10) 2013

T.A.Lasheen et al.

375

applied for direct determination of Zr and Hf elements
inzircon. Itisthecommon primary orefor the produc-
tion high purity grade Zr metd anditsmain occurrence
in Egypt isas constituent of beach black sandsalong
withilmeniteand monazite. It is separated from other
heavy mineralsby usingwet gravity concentration fol-
lowed by magnetic separation. The chemica analysis
of thegiven samplein comparisonwith other published
valuesispresentedin TABLEDS.

Theresults obtained for spectrophotometric and
| CP/OES techniquesindicate high concordance with
their published vaues.

TABLE 4: Tableof tolerancelimits* of foreign ions, toler-
anceratio. [Species(x)]/ metal ion (w/w).

4+

SpeciesX Toleranceratio X/Zr** Toleranceratio X/H

us* 20 100
Th* 20 100
Nb>* 20 100
Ti* 20 100
A% 20000 100000
Fe** 20000 100000
P 4000 20000
cl 400 2000
S0,” 400 2000

*Tolerance limit was defined as ratio that causes less than 5
percent interference.

TABLE5: Chemical analysisof Egyptian zircon sand.

Per cent (by weight)

Compound Present work Ref

Spectrophotometer  ICP/OES*  27**

ZrO, 65.29 65.30 66.42

HfO, 1.15 1.10

SO, 315 32.23

Fe,05 0.10 0.14

P,Os 0.15

TiO;, 0.07

ThO, 0.02 0.02

U305 0.02 0.04

* Central Laboratory for Elemental and |Isotopic Analysis,
Nuclear Research Center, Atomic Energy Authority; ** using
spectrophotometer

CONCLUSION

The present work results suggest anew reagent for
the sd ective determination of Hf (1) inpresenceof Zr

—— Fyll Peper

(1V). Systematic studieswere performed to develop
the synthesi zed reagent for the quantitative determina-
tion of thetwo elementsin aqueoussolution. Thehigh
stability of theformed complexesof thetwo el ements
permitsthe elementsdetermination at high dilution.
Spectrophotometry, the procedure described was be-
lieved smple, rapid and sensitive enough to determine
Zr and Hf in zircon minera. The accuracy and preci-
sion have shown to be adequatefor zircon matrices.
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