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¥l ABSTRACT ‘The stonchlomehy of Zirconium-Alizarin red S (Zr-ARS) was determined by different

e otometric methods (molar ratio, straight line, continuous variation, slope ratio and limiting logarithmic) at
 3=520 nm. The stoichiometry of (Zr-ARS) complex was 1:1. The pK values were obtained. The straight-line

- method for Zr-ARS-F complex reaction pointing to the formation of 1:1:1 species. The latter reaction was affected
by different factors such as acidity, temperature, time, the content of the blank and the constituents of synthetic
 seawater. The kinetics of the formation Zr- ARS complex was studied at different temperatures and variable fluoride

: conomtranons The rat&consfant, the energy of activation (E,) and the enthalpy (AH) values were calculated.

lake is formed from the reaction of Zr'"
e reag;nt is of reddish violet colour and
in the determmatlun of fluoride
on in seawatﬂr and drinking water.
the prmnce- of an acid the reddish violet
es Th oride content is measured
sf-lak {12 The Zr-
acid is used 0

The aim of work is to study the stoichiometry,
stability constants and kinetics of Zr- ARS reaction
under different temperatures and variable fluoride
concentrations. The optimum factors that affect Zr-
ARS reactions aided the determination of F
concentration in natural waters.

Experimental

The fluoride concentration was determined using
the procedure of Zr-ARS @, with slight
modifications. Standard. fluoride solutions (10 pgF
/ml) were prepared. The optimum time of measuring
was two hours after mixing the components. ZrCly
solution  was repared and  standarized
complexmetryically'”.  The absorbance  was
measured at A=420 and 520 nm using Berkin Elmer

~ Lambd 1 UV/Visible single beam and Shimadzu

double-beam  UV-150-02  spectrophotometers.

:Synthetlc seawater with Cl%=19.00 was prepared

f  following Lyman and Fleming procedure '".

Results and discussion
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complex is not quite compleie at the end point and so,
the absorbance A at the end point is smaller than Aq.

large excess of the ligand

the absorbance A which is the limiting absorbance
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Figure (2): Straight line method (simple plot)

[2rV] = 1.468 x 10™*M ; Blank = ARS; A = 520 nm.
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Figure (3): Straight line method (L ogarithmic plof)
[Z7] = 1.468 x 10*M ; Blank = ARS: 2 = 520 nm.

¢) Continuos variation method “»:

Plotting the absorbance against the mole fraction

of Zr", when the concentration of ZrCL, is (0.00367
- M) and that of ARS is (0.004 M) in 25 ml measuring

flask at 520 nm, gave a peak at n = 0.565 with 1:1
ichiometry, Figure 4. The deduced equation given
for the 1:2 complex is applied, where K = 2.36x10°
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 slope ratio method °%

) denotes the number of Zr'"

“,we.(ﬂr moles of ARS (H,L). [(zr)lgl{}i‘}; .

esents the ZI-ARS complex. If the
of ARS is kept constant (8x10

excoss 10 T I ek ible, the
cquilibrium concentration of [Zna(HaL),] will be
esse pmpc_:rmoml 1o the  analytical
concentration Of Zt'" added in the reaction:

2. 1.0).]- <=

The brackets refer to the equilibrium concentration of
carlfvabsmbnrm (A) is plotied Zﬁpum different

ical concentrations of keeping  the
concentration of HoL constant and in excess, a
straight line is obtained with a slope; . € t/m.

Slmﬂu‘ U; i'f“un concentr ation of Zl‘“' is kept
constant (7.8x107 M) in excess and the concentration
of HaL is varied:

(). .1, )= 2

If (A) is plotted versus CH.L, a straight line is
i :_'w_witha-slopep-e!ln.m:aﬁoofummis
 obtained by taking the ratio of the two slopes:

 Slope; _n
- Slope, m

mwgmmcu._; ;
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jn the reaction: mZe” + N H;L ¢ [(Ztl.ﬁm-).l A ©) Limiting logarithmic method **'*;

- This method proceeds in a similar fashion to that
- described in the slope ratio method, where the
_ following equation is applied:

[K'?I_I(ZT)-(H}L);‘ «» m log [ZF¥] + n log [HaL] - log

On plotting the logarithm of the absorbance,
which is proportional to the concentration of the
coloured complex, against the logarithm of Z¢"
concentration, a straight line is obtained.
Alternatively the slope of the straight lines gives the
value of (m) and (n). In the first set of experiment,
the concentration of Zr' was kept constant at7 8x10™
M, with variable concentration of ARS (3.2x107 -
1.92x10™ M). The second set of the experiment is
constructed, where the concentration of ARS was
kept constant at 8x10* M, while that of Zr'" varied
between (3.12x10™ - 1.87x10™ M), Figure (6). The
ratio n/m appeared 1, to allow that 1:1 species exists.
Such conclusion goes in harmony with the above
method. The absorption spectra of Zr-ARS complex
for synthetic seawater samples showed two maxims
at 418 and 512 nm. The former is duc to the free ARS
and the latter to Zr-ARS lake ‘. With the addition of
fluoride the absorption at 418 nm increased due to the
displacement and liberation of ARS from the lake by
the fluoride. While at 520 nm the absorption
decreased due to the destruction of the lake by the
reaction of fluoride. With sufficient fluoride the
maximum at 512 am disappeared ‘°. In the present
work..the absorption spectra of Zr-ARS using ARS as
a blank appears only at 520 nm. The addition of
variable concentrations of fluoride ion (0.5-3x10°
M), lead to decrease the intensity of the electronic

d:rpﬂnngmxim at 520nm.

0.90
0.80 k-

o.70f

i 1 femln

110 1.40

S]=3.2x10°-1.92x10"M.
=3.12x10°°-1.87x10"'M;
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2) Factors affect the Zr-ARS reaction:

i) Effect of acidity:
Th:eﬂ?ennftheaddiﬂenofo.42NH¢SO4qn

both Zr-ARS and Zr-ARS-F complexes at 25°C and

30°Cgavcnm,lhcﬁzso4mdiathcmlhe‘

d)sorbauoeofthemddishviolctoonmlcxeswbe

yellow in colour due to the formation of zirconium

suphato complex, [ZrO(SO,),J”.

i) Effect of blank:

The effect oflheoomﬁmemsoflhcblankonlhe
nic absorpliop spectra of Zr-ARS and Zr-ARS-

iii) The behavior in the synthetic seawater.

The absorbance for the reaction of 2.4x10"
ARS with 1.56x10" M ZrCl, in synthetic Seawater
is increased by the addition of solutions Composeq of
different concentrations of F" using Zr-ARS Complex
as a blank at 420 nm. The non-linearity is probably
due to the especially interference of the divalent ions
exist in synthetic seawater with Zr-ARS complex,

3) Validity of Beer's Law:

Spectrophotometric micro-determination of
fluoride is applied using Zr-ARS reagent. The
experiment is designed where the concentration of
ARS was 2.4x10" M while that of z/V Wwas
1.468x10™* M, and variable concentrations of fuoride
at pH=1.5 and A = 420 nm, The plot of (A) versus the
variable concentrations of fluoride gIVes a straight
line, Figure (9), up to 0.8x10° M. Beer's Law i
obeyed under these conditions and can de used to
determine the concentration of the unknown samples
with fair accuracy,

040 —,
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were cal law. The specific rate constants
kinetic law 9.

from the following second order

o B e |

a-x a
(a) is the initial concentration of cither reactants, (x)
is the amount formed at time (1). From the slope of
the linear plots of 1/(a-x) against the time, the second
‘order rate constants were calculated, Table (1).

ratures for Zr-ARS reaction.

30 35 40
2.293 2598 3359

" The reaction followed the second order rate

kxI1F (mol'l k™)
3.12
3.57
3.53
5.24
6.68

E =AH' +RT

p'I'ot' of the logarithm of rate constant
al of the absolute temperature, gave a
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Table (4): f’ﬂ!w of the mnwfmmmmon at different temperatures,

mrxmmr‘) & 46733 4.6633 46533 Yo
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