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ABSTRACT

A new analytical method was developed for the
quantitative analysis of nlxturﬁn of copper, lond. d;d sinc 1n
aqueous solution in trace levels (1077 - 6 M), The method
consists in the use of a chelating agent b-(z-pyrldylato)-
resorcinol (abbreviated PAR) as titrant in a spectropnhotometric

determination, v .

Each one of the systems: -
/coppcr-kaq

Zinc-PAR

Load-*AR
was studied separately. The composition and stability of the
chelates in solution were studied spectrophotometrically, The
different species were identified by the Continuous Variatio
method and the Mole-Ratio method. The stability constants Y
wirt'cvnluatod 3& an analysis of pH-absorbance curves obtained
from solutions containing different metal:ligand ratios, over
a range of pH values, , Voo




| RESUNE
On.a mis au point une méthode nnalythuc‘pour d@unr
les traces (1077 - 106 M) de métaux dans une solutien
aqueuse contenant un mélange de cﬁlvr.. plomb (II), et
zine, On dose le mélange métallique par une solution
étalon de hq{z-pyridylano)-riooroinol (PAR)., On détecte le

’point final par mesure spactrophotométrique, .

Les systimes suivants ont été étudiés séparements:

Culvre«PAR
2inc=PAR
‘ Plomb=PAR - ,

Loc‘oomploxco‘rofm‘a et leur atabilités ont été étudids
par noaurgz spectrophotométriques, On a ldentifiéd les
espices chimiques de chacun des systdmes par la méthode

des variations continues et par la méthode des rapports

molaires, Les constantes d'équilidbres ont été évaludes

A partir des courbes d'absorbances-pH obtenues pour divers

rapports métal: ligand & differents pH.
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. I INTRODUCTION
Y
Chelating agents have besen widely used as titrants
| 2 - in spectrophotometric deterrinations of motal traces;i the

titrant was in o non-aqueous medium (1) or an aqueous

solution as with EDTA (2, 3).

' The study of the 2-pyridylazo reagents showed that
soma of these compounds are among the most sensitive ones
reported‘so far for the spectrophotometric determination
of certoin metals. In 1955 Cheng and Bray (4) introduced
1-(2-pyridylazo)-2-naphthol (abbreviated PAN), as a
metallochromic indicator in EDTA titrations. Metal-PAN
complexes have low solubility in water, and as a result
organic and rixed srlvents are required. Because of this

.and the fact that certain metal-PAN corplexes react slowly
with EDTA, the use of this reagent in direct EDTA titrations

: »
is limited. In addition to its use as a corplexometric

indicator, PAN was also used as a spectrophotoretric
reagent., However, since most of the PAN chelates are
insoluble in water, this application is generally associated

with solvent-extraction rethods. Water-soluble pyridylagzo

derivativgs are prerared by adding sulfonic acid substituents
to the pyridylazo substrats, or by replacing the naphthol
group of PAN\with resorcinol, oreinol, or chromotropic acid.

Spectophotoretric and corplexormetric deterc.inations can




then be carried out in aqueocus solution with these watar-

soluble derivatives.

In 1957 the use of 4-(2-pyridylazo)-resorcinol
(abbreviated PAR){was recomrended by Wehber (5) because its
solubility and that of its retal chlates in water are higher
than the solubility of PAN and its metal derivatives in
water, Fu#thermore, in the spectrophotoretric titrations the

use of PAR gave sharver end points.

@ W=
NN~ N=N N N=N@-’ou
: HO ' HO" ‘

>
PAN » " PAR

Pyridylazo cdmpounds have high rolar absorptivities
making their spectrophotometric detection highly sensitive.
However, due t~ the similarities in the spectma-of the
different raetal chelates, the selectivity is low, which m;kég
mixtures of metals difficult to analyse directly. Several
techniques have been developed™ to moke the deterrination
of a retal in a rixture of retals possible, namely (&)

I).- pH control
I1).- selective\ﬁasksng or derasking of metals or group of
metals. ,




III).- back-wnshing'of an organjc qxtrac£ Qith a solution
of an acid or corplexing agent,
1V).~- sele:tion of solveﬁt. |
V).=- selection of wavelength for photometric deterrination.
VI).- utilization of different rates of conplexation,
VII).- change of oxidation state of the metal. |
VIIii).- utilization of exchange reactions of the
| Cu(II)-EDTA-PAN system. |

-
IX).~- extraction of the retal into an organic phase.

In the present study, the titration of metal inns
using PAR as a titrant was studled at different hydrogen-
ion concentratione. PAR forms with metal ions water-soluble
intensely colored (commonly red or red-orange) corplexes,
most of which have an absorptivity larger than 10“ at the
maximum of absorption. Jons giving a color reaction with PAR
are shown ;p Tabie I (W)« The reactivity of PAR with metals
is grg/ater than that of PAN with the same metals. It is
revorted to be the most sensitive reagent for cobalt. and

the most sensitiv%ywéter-soluble reagent for uranium (95).

PAR has been used so far as a spectrovhotometric
reagent to determine the concentr;tion of single metals
after a previous separation from 1nt§rfer1nz ions (6,7).
Iwvamoto (8) has used a spectrovhotometric titration for the

determination of copper with PAR. A copper solution in an

*
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Table J. Elements reacting with PAR,

' /
acetate-buffered mebium was titrated against standard PAR

solution, A sharp inflection in the titration curve was

obtained. The method does not require a calibration curve -

and 1€ can be applied to other metals.

/

In this work the determ;pation of the concentration

of copper;/iéad and zinc alone in solution, and in the

presence of each other was studied. In the method proposed

ﬁere, selectivity was improved by pH control: hydrogen ions

/




compete with the metal ion for combination with PAR.
Consoquently the higher ;he stability of a metal complex,
the lower the pH at which it can be determined.

/ o
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IXI STATEVMENT OF THE PROBLEM AND PLAN OF RESEARCH

The purpose of the present investigation was %o examine
the possibility of using a water-soluble matallochromic
indicator as a volumetric reagent for the spectrophotomstric
titration of cations in aqueous media., The procedure ussed

has been described previously by Grey and Cave (9).

The dye 4~(2-pyridylazo)-resorcinol was selected and
used as titrant for the determinatlion of copper, fead, and
zine along and in the presence of each other. In the study
of a matalldye system the identification of the different /
pafticipating specles as a function of pH, the calculatjon
of the stabllity constants for the reaction involved, and the
optimum conditions for the titrations needed to bse \
1nj§stig;§éaf‘

g /
: Spectrophotometric data were used in order to achieve

the proposed goal. In a first step. the speciss present at the
different pH values were postulated from the analysis of the
pH-absorbance curves. Once a given species was proposed §ts
existence was proved by the Continuous Variation method and
the Mole-Ratio method. fhe speed at which the different
species came to quilibmium was studied and the stability

constant of the'reactions taking place was determined.

It was also proposed‘po predict the tiJration graphs
- 4



0

of the differené'metuls.rrom the pertinent equilibrium data

as well as the optimum conditions for the determinntion,or/

the mixture of metals.

Lo,




IIT GENERAL APPROACH TO THE PROBLEM

III-1-1 IDENTIFICATICN CF THE SPECIES'

* 1.1 Introduction, / -
"u

It was one of the airs of the present research to /
explain and predict the titratiéns cﬁrves for the
spectrophotometric determination of certain metals contained
in an aqueous solution. In order to achlieve this goal, it
was necessary to *dentify the different species preéent at
all pH values, as well as to determine the equilibrium constant
relating the species one to each other. Thus, a detailed
study of the reaction of three retals, namely copper, zinc
and lead, with 4-(2-pyridylazo)-resorcinol (PAR), was
undertaken at severcl pH values. The reactions were studied by
spectrophotometric techniques e.p. the Continuous Variation
Method, the Mole-Ratio Method and by the analysis of

' pH-absorbance curves.
1.2 The llethod of Continuous Variations. !

In the method of Continuous Variatiﬁns developed by Jodb
(10), the sum of the concentrations of the reactants(CqeC) + CL)
is kept constant, while their ratio (CN/CL)’is varied. A
series of solutions is thus prepared. The absorbances of the
solutions are read at a few chosen wavelengths. The graph of th:

absorbance vs composition of the solution is cal%ed a Job plot

/
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at the chosen wavelengthg. These graphs exhibit two straight
line portions intersecting at a point corresponding tq phe
composition of therproduct obtained from the reaction. If
more than one product are prsesent, the plot deviates from

the simple ratioss

In the pqi§ent work, the total amount of reactants,'CT )
was approximatelfwlo -5 M. For higher H' activities (pH=5), C T
was twice the amoung at low H' activities (pH=8). This was
necessary because of the low absorbance of the solution at
low pH. The plots were made at 400, 500, 510, 520 nm wave-
lengths. At pH greater than 8, the wavelengths selected were
such that the absorbance due to the ligand PAR could bg

neglected.

1.3 The Mole-Ratio Method (11).

holar ratio

This graphical method of analysis gives the
in which two reactants combine to form a compouﬁd. In this
method, the concentration of one of the reactants is kept
constant while the concentration of the second reactant is
gradually increased by stepwise additions. Any unique property
of the concehtration of one of th; reactants or of the
compound producod will increase until the stoichiometric ratio

\
is reached, after which it remains constant.

For the reaction:

nM + nN =§; HQNn
\ ‘

T { ¢ aov ot L ,
Do » NS .o
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the method allows the determination of the rat}o n/n. Wnen M

1s kept constant aﬁd N gradually increased, we have that the
/

maximm concentration of product M N, after any addition Cy of

\
N is given by:
'C CN . )
fron which:

=1/‘ . '.t...i.(l)

’ N

%
when the property measured is the absorption of light by the
compound formed M;N, , we have for a cell of unit lightpath:

A= aC |

where A\ is the absorbance, ‘a’the absorptivity of M;N, and C

b

is the concentration of absorbing species. Therefore:

-g%—=& PP ¢-)

if we multiply both sides of equation (2) by equation (1), we
' —~

4 (i) = wam

.
or:

aa_ \
TN E{/n oooo.ooo(B)

consequently, a graph of the measured absorbance versus the
concentration of added N should be a straight line having a
slope equal to a/n . The knowledge of the absorptivity allows




the evaluation of n, the number of atoms of N in the molecule

M, produ’ced. Similarly, holding N constant while adding M, (

allows one to evaluate the other cosfficient m.

% \
When K¢ is not too large ( ~200 or below) so that the
species at equilibrium are all pressnt in measurabdle

concentrations it can be readily evaluated. We can write?

N
W T W
and log Kp=log C - m log[M].- n log[N] L)

Also since A-aC proviJed M and N do not absord at the

chosen wavelength - B ‘

log A= log C + log a Teeene(9)

substitution of (5) in (4) gives after rearrangament:‘

log A = log Kf + log a+nm 1og[M] +n 1og[N] ceeed(6)

if one of the reactants, say M is kept constant, three terms
on the right part of equation (6) are constant. Then a plot

of log A vs iog [N] will be a straight line with slope equal to
n. However, [N] is not known but in the limiting condition as
{N] added is equal to zero, equation (6) applies i.e.

1im d log A

N—0\d log N [y ste =n - seene(7)

the limiting slope gives the value of n. Similarly, if N is

kept constant, we can calculate m .

[

o
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o “In the present work, sories of solutions containing
a known fixed amount of metal (1 x 1077 M) (copper; lead or
zine) and varying amounts of h:(2-pyridy1azo)-resorcinol were
prepared. The ligand was added to cover a ligand to metal
ratio varying from 0.1 to 4 and soretimes from C.l to 6 . Tﬁe
absorhance of the complex formed was read at 500 and 520 nm.
At those wavelengths the complex absorbs strongly and the

/ reactants contribute very,}ittle to the absorbance at pH

values beléw 1l. The analysis of the data obtained permitted

an evaluation of the equilibrium constant Kf .
~
III-1-2 DETERNTINATICN OF EQUILIBRIUM CONSTANTS. j

2.1 Introduction.

The equilibhrium constants were dgtermined mostly by a
numerical analysis of the pli-absorbance curves. In some cases
the lole-Ratio method described previ?usly was used and the
values obtained compared with the oneé evaluated from the

pﬁ-absorbance graphs.

W

/ 2.2 pH-—absorbanée curves. '
It has been deronstrated by Sommer and co-workers (12)

that spectrophotormetric procedures based on linear extra-

{ polat¥on can te used to study the comrplex equilibrium of

systems based on compounds cf the type of T AR, hé method
involvc§ a detailed algebraic study of the equilitria of the

’ / reagents é3 .o
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Firsp the chelate reaction and the species formed over
a particular pH range are postulated, then &a series of linear
alpebraic transforrations are derived‘using the equilibria
data from the reagent. Experimental wvalues of absorbance and
pH are introduccd into these_equations, which then provide
values of the equiiibrium constants. Typically these
transforrations are straight lines and false assurptions are
readily detccted by the presence of curvature or random
scatter when ecxperimental values are substituted into the

.

transforrations.

Given that the method is based on extrapolation it is

" very sensitive to the choice of points used for calculations.
If tQG points used correspond to one end of the part of fhe
pH-absorbance curve used for the analysis, the assumétion
that one species is of negligible concentration compared with

the others becomes less wvalid.

I1I-2 EXPRERII.ENTAL

2-1 Apparatus. for Spectrophotometric Titrations.
2-1a Beckman Model D.U.Spectrophotometer.

The apparatus used to ﬁake the titrations has been
1\previously described (9); it consists of a Beckman leodel D.U.
spectrophotometer which can accomodate a rectangular 65-ml

glass cell. The cell compartment was flanked by two




1k

rectangular copper tanks through which constarnt temperature
water could be circulated. A 1 in. x 1/8 in. disc of silicone
elastorer was countersunk in the removable 1id of the cell
corpartment and provided the ontrance for the microburet to

the cell.

A calibrated 1-ml Koch microburet with a 60-ml
reservoir adapted with a platinum-rhodium hypodermic needle
(2 in. long and 28 standard gauge bore) was used for the
delivery of titrant to the cell (a glass cell of 65-ml
tapacity, 5% mm long by 30 mm wide, by 55 mm deep. The path
length of the cell was 5 cm.). The hypodermic needle was
inserted through the silicone disc in the 1id of the cell
housing so that the tip of the needle was below the surface
of thé‘soiution for titration. The solution was stirred
during titrations by the ése of a mMagnetic stirrer placed
under the cell compart&ent. A Teflon-coated micro-stirring

bar was inserted in the 65-ml cell.
2-1b Beckran }odel D.E. Spectrophotometer.

A double beam spectrophotometer Beckman NModel D.B.
using l-cm and 4-cr cells was also used. It was coupled to a
Sargent lodel SRLG recorder capable of recording absorbance
directly. Constant-temperature water from a water bath could

be circulated in the cell compartment.

2-1c Unicam SP-5CO Fanual Spectrophotoreter.
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A Unicam SP-500 manual spectrophotometer was used with

l-cm or 10-cm cells. Constant-terperature water frem a

water bath could be circulated in the cell compartment.

with the°first two spectrophotometers mentioned, the
end points obtained for the titrations were precise; -for
exact absorbance readings and for the measurements of the
molar absorptivities reported, the Unicam SP-500 was used

exclusively.

2.2 Thermostat.
J

Sargent-Welch thermostatic water bath (Cat.No. S-84880)
was used for external circulation of water. It controls the

temperature to 0.1°C.

2.3 Beckman Zeromatic ll. pH meter.

The pH meter wused for oH adjustment was provided with

a glass electrode (Beckman No 4049%5) responding until pH 1k.

2.4 Glassware. /

3

' Red low-actinic glass 50-ml volumetric flasks were used
for the zinc-PAR chelate , because this compound is light

sensitivae,

Due to the fact that the concentration of the metél

chelates was very low, speclal care had to be taken in the

cleaning of glassware matérial. The glassware was washed .~ ~

< —
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normally (laboratory detergent), rinsed several times with

distilled water, and then filled with a saturated solution
of E.D.T.A. in water. This solution was left in the glass-
ﬁare for at least 20 rinutes, after which the glassware was
washed several times with distilled water, and then filled
with deioniéed water and left overnight, after that it was

emptied and?dried in an oven at 110°C.
J
2.5 Reagents. /

2.5.1 Ethanol. ¥ '

Absolute ethyl alcohol, U.S.P. (The Consolidated Co.)
was used without further purification.

2.5.2 Standard Metal Splutions.

Accurate metal solutions were required to evaluate the
precision and accuracy of the method studied. The standard
retal solutions were prepared from a weighed amount of a
reagent-grade metal into a 100-ml1 beaker, the metal was
disso}ved in 12 nitric acid, quantitatively transfered to a
/ l1-liter volumetric flask with delonised water, and made up to
the rark. These stock standard solutions (10-2M ) were kept
in glass flasks.sealﬁp with Teflon tape.. Dilute solutions (10'h
M) were prepared}fresh every day. 7The stock solutlons were
standardized against standard E.D.T.A. solutipn. ‘
") -

2.%.3 Wwater.
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Ion-exchanged wager-was used exclusively in this work.
\\
Distilled water was passed through a Barnstead ultrapgre

(mixed bed) column (Cat. No\D8902).
2.5.4 Sodium Hydroxide, Fisher electrolytic pellets.

When large amounts of this reagent-grade sodium
hydroxide were used to adjust the pH, a blank solution of ,
PAR with the sodium hydroxide in some cases showed imﬁurities.
Therefore the reagent was purified before use by an ion-
exchange column AGA-542 (13). After regenerating the
ion-exchange column with 1 N sodium hydroxide solution, the
colurn was washed with distilled deionized water until no
hydroxyl or chloride lons were c?ming out of the column. Then

<

a 0.1 N sodium chloride solution:ua§ passed through the column

to produce a pure, approximatel .1 N sodium hydroxide

solution.

The reagents and buffers used in the present work are

given in Tables IT and III.




TABLE 11
REAGENTS ) .
Reagent Source Form for use use
Tris(hydroxymethyl) Fisher 0.1 M in water Buffer preparation
Aminométhane. -
certified primary
standard
) Sodium Borate Fisher 0.025 M in water Buffer preparatio
, Analytical Reagent g‘f‘
Ammonium Chloride McArthur crystals Buffer preparation
Analytical Reagent Chemical Co., Ltd.
Ammonium Hydroxide Anachemia 28,0-30.0 % Buffer prebaration
Analytical Reagent
Potassium Phosphate Fisher 0.05 M in water Buffer preparation
Analytical Reagent
LY . :
E,D.T.A.* American 0,05 M in water ‘Titrant for metals;
Analytical Reagent Chemicals ' standardized against

Zn metal, with Erio-.
) . chrome black T as
indicator,

Zinc Metal . Analar . 1,02 x 1072 Standard metal soln,
99.9 % pure o

.
. ™
EXAR LY
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TABLE 1I (continued)

e
REAGENTS ——
Reagent Source Porm for use . Use

Copper Metal General Chemical 1.0 x 10"2 M in water Standard metal solution

99,93 % pure Division

g;fg 2';:%. Fisher . 1.0 x 10°2 M in water Standard metal solution

Nitric Acid Anachemia 71 %

Analytical Reagent .

# Disodium ethylenediaminotetracetate dihydrate, ,‘-!3
(o
O

. "&1”\,-‘"
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TABLE JIII
. BUFFER SOLUTIONS (14,15)

pH x u*

S0 ml 0.1 M tris (hydroxymethyl)aminomethane + x ml 0,01 M

HCl diluted to 100 ml.
? 46,6 0.047
8 29,2 0,029
9 5.7 0,006

/ 50 ml 0.025 M sodium borate + x ml 0.1 M HC1l diluted to 100 ml

8 20,5 0.025
9 h.6 0.025

50 ml 0.025 M Bodium borate + x ml 0.1 M NaOH diluted to 100 ml
10 18,3 0.043

50 ml 0,05 M Ki,PO, + x m1 0.1 M NaOH diluted to 100 ml
8 - h6.1

13 g NH,0H ‘diluted to 500 ml

- 10 K2

®* jonic strength
, / \
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2,5.5 Ub-(2-pyridylazo)-resorcinpl.

// s,
b-(2-pyridylazo)-resorcinol is abbreviated to PAR
throughout this work; and PAR also indicates a stoichio-
metric amount of the reagent. The several species actually
present in an aqueous solution will for convenience be ¢
abbreviated to Hy;P" , HyP , HP™ , and P” . The PAR used was
Eastmap Kodak Analysed Reagent grade, further purified by two

recrystallizations from ethanol.

The synthesis of PAR involves the diazotization of
2-amino pyridine in ethanol using isopentyl nitrite treatment
with sodium ethéxide, and coupling with resorcinol (16).

The purified PAR was a bright-orange coloured solid;
m.p. 184°C (1it. (4) m.p. 182°C). Analysis caled. for C11H9N302x
C, 61.33 % s H, 4,18 %; N, 19.51 % ; O, 14.87 £ . Analysis
found: C, 61,03 % ¢ H, 4,59 %; N, 19.7 % : 0, 15.23 §. PAR
can be obtained as both the mono and disodium salts, The
disodium derivative dihydrate is slightly hygroscopic. PAR
was found to be heat-sensitive, and decomposed s}owly to a
black powder. It is readily soluble in aqueous Alkaline
solutions and in water to the extent of 5 mg/100 ml of solution
at 10 °C (%) to give a bright yellow solution: in alkaline
solutions with a pi of 12 or higher‘the solqtion is orange.
It'is soluble in alcohol and insoluble in ether. The absorbance
of an aquéous solution of PAR has been found to decrease with
time (4). This problem is avoided.by ugsing PAR as an ethanolic

stock solution which proved to be stable for months,
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Four species of RA7 exist in solution, which have the

following absorbance peaks:

* (1) HyPY max 395 mm
(I1) H,P max 383 nm
(111) HP™ max 415 nm
(1v) P max 485 nm

Hnilickova and Sommer (17) made a study of the dye and in
addition to the species already reported they found two more
chromophoric species of PAR: ’

(V) HP?'  max 390 mnm

(V1) HP?*  max 433 nm

These species were found in 90 % and in 50 % sulphuric acid.
They propose that the two extra protons are attached to the

hydroxyl group and to the azo group.

Z
B!‘lN’N
H
I
7~
, \“IFN ©




The spectra of PAR as a function of pH are shown in

Fig 1, Three isosbestic points are observed, the first at
396 nm at pH 2, 3 and 4 is attributed to the equilibrium
between the species.y Pt and H,P . The second at 380 nm

for pH 5, 6, and ? is attributed to the equilibrium between
H,P and HP™ , The third at 444 nm for pi 11, 12 and 13 is

attributed to the equilibrium between the species HP™ and P,

The acid dissociation constants of PAR are given in
Table 1V, Strong intramolecular hydrogen bonding between the
ortho hydroxyl group and the azo group, and the inductive
effects of the azo group give basis to the assumption that
the dissociation constant for the proton in the para position

will be higher than for the proton in the ortho position,

TABLE IV, THE ACID DISSOCIATION CONSTANTS OF PAR IN WATER

pKa1 pKa2 pKa3 Method used References
2,69 5.5 12,31+ Potentiometry 18 , 19
* Photometry
3.1 5.6 11,9 Photometry 17 , 20
5.83 12,5 Potentiometry - 21
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FIGURE I. ARSORBANCE CURVES OF PAR IN
AQUECUS SOLUTICN. C=2.0 x 1077 ¥

l-cm CELL-. The nuniber with each curve
is the pH of the solution.
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In addition, corparison with the dissociation constant of
the ortho hydroxyl group of PAN (pKa=12.3) .confirms this
view. Consequently the dissociation constant (pka=12.k4)
for PAR is assigned to the -ortho group and the other
dissociation constant (pKa =6.9) corresponds to the para
hydrogen. Sore authors do not agree with this assurption
and different articles have appeared discussing this point
(22, 23) Chalmers (23) argues that the species HP™

corresponds to (I) according to the foflowing dissociation
step:

@H Qﬂﬂz QHQH
b (1)°

The reason he gives for this assumption is that the
intrarolecular bonding through the ortho proton would
Ancrease the pKa to a small extent as compared with the
inductive effect of the para hydroxyl group; without hydrogen
bonding the ortho hydroxyl group will be as acidic as the

para group.
\

The distritution diagram for the different specles of
PAR as a function of pH is shown in Fig 2. The formation
curves vere calculated from the pKa values reported by

Hnilickova (17).
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FIGURE 3. DISTRIBUTION DIAGRAM FOR THE DIFFERENT

SPECIES OF PAR AS A FUNCTION OF pH.
Calculated by means of the values (17): pK1= 2,66
PK,= 5.48 , DK3 = 12,31. Where [%Aé]T denotes the

stoichiometric concentration of the reagent.




FIGURE 2{. DISTRIBUTION DI/AGRAM FOR THE DIFFERENT
SPECIES OF PAR AS A FUNCTION OF pH,

Calculated by means of the values (17): PK;= 2,66
pK,= 5.48 , pKy = 12.31. Where [mz].r denotes the

stoichiometric concentration of the reagent.
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The apparent molar absorptivities (a*) of PAR at
different pH values are given in Table V., These values were

used every time a correction for absorbance due to free PAR in

solution was needed.

The absorptivities of each species of PAR was né;essary
for the evaluation of the equilibrium constants and they were
obtained by using the available mass-~balance equations and
from the simultaneous solution of as many Beer's law equations
as were necessary., The absorptivities values obtained for each

species are given in Table VI,
2.5.6 Metal-PAR Complexes.

PAR may act as a tridentate l{gand. corplexing with
the metal ion through the ortho hydroxyl group, the azo
nitrogen nearest to the phenolic ring, and the heterocyclic
nitrogen atom, giving two stable five-membered chelmke rings
(19). In most cases PAR forms complexes with a metal-ligand
ratio of 1:1 and 1:2 but other types have been reported,e.g.
ThP, and GaP, (S). The structures of the 111 and 112 PAR-
chelates are shown in the formulas A and B ; B generally exists

at low hydrogen ion concentration, therefore it is representea

! i

in ionized form. /
- i
ar = A where: A = total absorbance
PAR| [éA%]T = stoichiometric

- - PAR added.
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TABLE V

APPARENT MOLAR ABSORPTIVITIES (a*) OF PAR AT DIFFERENT

/

pi VALUES, C= 1.0 x 10™° M, -

!

nn 400 s00 - 520
™ a*x 1.0 x 10° a%*x 1, 0x 10° a*x 1.0 x 107
1 7.21 0.055 0.017

2 0.21 0.054 0.017

3 0.197 . 0.046, 0.016

" * 0192 0.037 0.017 *

5 0.22 0.032 0.016 |

6 0.301 ' 0.014 0.007

7 0. 344 0.00 0.005

8 0.35 0.01 0.005

9 0.3 0.01 0. 005

10 0.338 0.012 0. 006

11 L 0,334 0.026 0,012

12 0.275 0.083 0. Ok

n




TABLE VI

MOLAR ABSORPTIVITIES OF PAR SPECIS.

L4

nm 400 500
Species ac* a%
H3P+ 2.1 x 100 5.87 x 103
H'zp 1.9 x 10" 3.5 x 103
P~ 3.5x10° ° 1% x 103, ”
1 1.3 x 10 2.2 x 10"

** polar absorptivity in litres mole"l,cm‘1 .

/
/
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In order to study the role of the bonding group in the

chelate formation, Geary, Nickless and Pollard (19) measured
the stability constant of some metal chelates using complexes
of : benzeneazo-resorcinol {(I), salicylidene 2-amino-pyridine

(I1), and 2-pyridilidene-o-aminophenol (III).

Cugn By
Seepy
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The results showed that with (I) there is no significant
shift inArax on chelation ( Amax 385 nm ‘for the ligand and ;

360 for the copper chelate, at pH 6.35 where a potentiometric
reaction indicates the formétiqn of a 1:2 copper chelate.) .
With (II) the shift is just 15 nm for the copper chelate, and
cah not be compared with the shift of 1CO nm for copper-PAR
chelate at pH 8.5. The ligand (III) is highly reactive and the
chelates formed are very sirilar to the metal-PAR chelates

(at pH 4.88 the main peak of the ligand was shifted from 350mm
to 452 nm.). These results demonstrate that in PAR the chromo-
phoric reaction 1s due to coordination by the pyridine nitrogen,
the azo nitrogen farthest from the heterocycle, and the

o-hydroxyl group.

The formation of the chelate affects the acid
dissociation constant of the para hydroxyl group (22)/by
increasing the acidity of this group._The acid-strengthening
effect of the metal ion is transmitted primarily throuygh the
bonding oxygen ator rather than through the azo groupj this
was concluded by analysing the chelate's model,uhere it was
obsgrved that in tpenlz 2 chelate the azo group does not lie
in fhe plane of the resorcinol ring.

| | /

2.6 Procedures /

“ "2.6.1 Procedure ;yr the titrations.

. Three basic rethods were followed in the titrations
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of the different metals with PAR:
1) 2 ml of buffer (pH values 7, 8 , 9, and 1/0) vere
added to a 1 ml aliquot of standard metal solution
{1.0x107% M) directly in the titration cell. The final
volure was brought to 50.0 ml with deionized water. The
titration vessel was then inserted into the sample
chamber of the Beckman D.U. spectrophotometer. The
needle of the titrant buret was inserted throygh the
rubber septum into the sample to be titrated. Standard
PAR solution, the titrant, was added through the platimum
needle, and the absorbance of the solution recorded.
An alternative to this method was used at pH below 3,'sx ~
since there was no suitable buffer for the mixture of
metals._Furthermore, close control of pH in that range
proved to be unnecessary+since the concentration of gt
ions is very large ( 210-3 ) 'as compared to the amount
of HY obtaihed from the reaction. The pH was adjusted
to the required value with nitric acid and the solution
was brought to a final volume of 100 ml with a few ml
of water. A 50-m1 aliquot of that solution was pipetted
to the titration cell and the titration was cérried out

as described above. In this procedure volume corrections

for dilution were negligible.

2) A 5.0 ml aliquot of standard metal solution
(1.0 x 10'“ M) was pipetted into each of a series of




37

voluretric flasks all containin,g approximately 30 ml of

water and 5 ml of buffer of the appropriate pH. Different
volures o a standard PAR solution (1.0 x 10”3 M) were
added from a microburet to each of the flasks. The
solutions were diluted to the mark with deionized water
and the spectrum recorded against a water blank from

340 to 600 nm.

3) & 5-m1 aliquot of a standard metal solution (1.0 x 10'1"

M) was pipetted in a 250 ml beaker, containing
approximately 40 ml of yatef. Sodiur hydroxide or nitric
acid was added to the solution until the pH was at the
desired value. The volure was }%hen adjusted to 50.0 ml
with deionized water. The pH was measured with a pH-meter
whose electrodes were kept in the sample solution during
the titration to allow continuo;xs reading of the pH and
readjustment to a constant valte by,/the addition of
sodium hydroxide or nitric acid as required; the titrant

PAR 'was added fror a microburet, the nitric acid

or sodium: hydroxide was added from a graduate microf:ipet._
The volumes added were recorded for absorbance
corrections. At high pH, an inert (Nz) atmosphere vaé
¥ept in the syster: ,to prevent pH changes from the
atrospheric 002 . A srall aliqm;t of that solution

was carefully taken with a Pasteur pipet into

-a previously clecaned and dried l-cm spectrophotome/tric

5
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cell. The spectrum was recorded between 340 to 60C nm
or the absorbance measured against a water blank ?t the
required wﬁvg}engths with a Beckman D.B. spectrophoto-
meter. The small aligquot in the cell was then returned

.. to the titration beaker ; more PAR was added and the pH
was readju;ted to its constant value, an aliquot was
taken to the sample cell previously used and returned
carefully to the main'soluﬁion at least three times

fore running the spectra. This insured that the small

arount of solution sanple that was left fror thg previous
filling was removed and brought into the bulk of the
solution. This was repeated for each point on the
titration graph. For the final absorbance readings)

volume corrections considering the addition of titrant

as well as acid or base were taked into account.

i

2.6.2 Procedure for Tire Behaviour Study. /

For the time behaviour study,the solutions were prepared
according to the method descritbed in section II1-2.6.1b. The
absorbances of the solutions were read at 400, 500, and 520 nm
as a function of time for a period as lﬁng as necessary to
"ascertain the behaviour of the solutiqe with time . In certain

cases solutions were followed fLr periods as long as -6 weeks,

2.6%3 Procedure for Identification of Species.

For the identification of the speciés-by -the. cont\muou& '

y




~was kept all the time in the pH-meter to allow readjustment

!
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Variation methcd, a continuous variation plot was xade from a

*series of up to lkwsolutions. The solutions were prepared by

accurately rezsuring the volumes of the reactants, PAR and the
appropriateretal such that the sum of ligand ané,netal -
stoichiometric concentration was kept constant and of the

order of 2.0 x 10”2 M. The standard solutions of the reactants

were delivered from a 2-ml and 1-ml Koch microburet into 50 / .
ml volumetric flasks containing some uatér and the approplate f
buffer. The solutions were béought to the mark with deionized

water and the absorbance of these solutions was read at 400, "\\~

500, 520‘hm in the Unicam S.P. 500 Spectrophotometer.

2.6.4 Procedure for Determination of Egquilibrium Constants.

A series of solutions with different ratios metal:
ligand was prepaied at different pH values, covering a pH range
from 1 to 12. The method is the sare as the procedure described
above, in section III-2.6.1c . Each solution was prepared by
the addition to an accurately measured amount of water (35-40
ml) of:!S—mllof metal solution (1.0 ; 10‘” M), an appropiate
amount of sodium nitrate to adjust the ionic strength to 0.1
and measured amounté of sodiumahydroxide or nitric acid to
adjust the pH to the required valﬁe. The solutions were
brought to a final volumgr of 50 ml. Different amounts of

1igahd were added (0.5-2.5 ml, 1.0 x 10~3 M). The solution

6ﬁ\pH if necceszry. The absorbances of the solutions vere read

~

i
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at 400, 500, 510 and 520 nm in the Unicam S.P. 500

spectrophotozmeter., A volume correction was made for the *

amount of ligand, acid or base added.

I11-3 RESULTS AND TREATMENT OF DATA

3.1 Time.Behaviour.

In order to determine the time required for the
establishment of equilibrium, an absorbance versus time study
at different pH values was made on each system. The results

are shown in Table VII. »
TABLE VII

TIME NECESSARY FOR THE METAL-PAR SYSTEMS TO COME
TO EQUILIBRIUM, AND BEHAVIOUR WITH TIME AT ROOM

TEMPERATURE. .
System pH M: L time to Behaviour
’ Ratio reach equilibrium with time

Cu-PAR  1.5-4,0 1: 1 immediate stable B

’ 1¢ 3 impediate indefinitely
‘ ‘5. 111 immediate stable ' for
A\\\ 48 hrs.
5~7 1: 3 immediate absorbance .

decreases after

3 / 17 hrs.

| B!
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Zn-PAR &4 1: 1 immediate stable
indefinitely,
5 6 1:1 immediate absorbance

decreases after
18 hrs.
5, 6 » M<L precipitate precipitation

forms. increases with
time.
7-10 M<L 5 minutes stable
indefinitely.
Pb-PAR 4, 5 1:1 1mmed1até' stable
1: 3 ’ indefinitely.
6, 7 1: 3 immediate absorbance

decreases after

( 24 hrs.
8-11 1: 1 no equilibrium absorbance still
was reached* dedreasing after
’ 6 weeks.
12 1: 1  immediate stable

1: 3 indefinitely.

I /
* The decrease 1n(apsorbance with time at pH 8 1s small for
N e
the first 24 hrs., compared‘with the decrease at pH values

9, 10 and 11. The décrease of absorbance with time is shown
, .

in P‘ig. 3 . ’ ' *
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FIGURE 3. ABSORBANCE VS TIMNE GRAPHS FOR

~~
Pb-PAR SYSTE¥ FOR pH RANGE 8-11.
C=1.0 x 10“5 M. 1-cm CELL. A=500 nm.
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3.2 Effect of Light on the Stability of the Compound.
Standard solutions were prepared with concentrations
ca. 1.0 x 10'5 M. The metal-PAR peak absorbance was measured
in the presence and in the absence of daylight as a funetion
of time. Fo differences were observed in the case of copper
and lead chelates. For zinc an appreciable decrease in
absorbance was observed in the solutions exposed to the

daylight, as is shown in Fig k.

/

3.3 Buffers.

As will be shown in the abﬁorbance vs pH curves (Pigs.
6, 10, 15) the composition of the metal system in water is
very much dependent on the hydrogen ion concentration.
Furthermore, at certain'hﬂivalues, precipitation occurred and
at others the amount of complex formed Yas too small to be
practically useful in a titration. Therefore the pH has to be
adjusted within narrow limits; this was achieved by the use
of buffer solutions. Several buffers were used in the

!

determination of the mixture of metals and their effect waé
\
studied.
The borate ion complexes with zinc and a titration of
zinc using a borate buffer took 24 hours to reach equilibrium
but gav; an accurate end point.

f
The usé of buffer phosphate_uas_pot possible because

the phosphate ion complexes/iith %ead 7ore gtrongly than PAR
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FIGURE 4, EFFECT CF LIGHT ON ZINC-PAR

/
CHELATE. pH=8, C=1.5 x 10'6 M.
Cell Y-cm. A 500 nm. ’ g
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and the pink color of the lead-PAR chelate disappears in the

presence of phosphate.

“In ammonia solutions, copper behavesidifferently than in
sodium hydroxide solutions. A determiqation of copper with PAR

using ammonia buffer gave a lower end point than expected.

)

3.4 Identification of Species.
3.4.1 8ystem Copper-PAR.

At pH values greater than 1.5, a water-soluble copper-PAR
chelate was formed. The color of the solution was intensified
as the pH of the solution increased. The composition of the
chelate was studied spectrophotometrically by an analysis of
the pH-abgsorbance curves for solutions containing various
ratios of metal ion and ligand ; the method of Contimous
Vaﬁ-iation and the Mole-Ratio method were used tq‘ complete Zhe

information.

The absorption curves for solutions containing an

equimolar amount of the reagents are shown in Fig 5a. Below

pH 4, there is no true isosbestic point observed. The succesive
curves cross at wavelengths that change continuously from
490 nm to WO nm. At pH above 4 an isosbestic point is present
at W2 nm, when the ligand was present in a 23 1 ratio, and
the pH was above 9{Fig 5bh) an isosbestic point was observed
at 450 nm in the spectra. \

S T




FIGURE 5 . wscasm?iz CURVES OF Cu-PAR IN %
AQUEOUS SOLUTIOR. Cu = 1.0 x 10"/5 M.

l-cm cell. | / )
a) Ratio Cu: PAR 1: 1

b) Ratio Cu: PAR: 1: 2

The number with each curve is the pH value

of the solution.
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O ,

The spectra of the mixtures at different pH values as
well as the shape of the absorbance vs pi curves suggest the
geries of reactions shown in Fig 6. The chemical model was /
ascertained by comparing the pH-absorbance curves to the curves ]
¥ that could best be predicted from the Continuous Variation

method, the Mole-Ratio method and the absorptivities measurements ]

!

obtained independently.

The solutions used in order to obtain the pli-absorbance
curves (FPig 6) were prepared according to the procedure

deseribed in section I1I-2,3.3 . The composition of each of

the solﬁtions prepared is given on Table VIII, The absorbance
values of these solutions were read against water as the
spectrophotometric blank at 400, 500, 510, and 520 nm. The

results are given in Appendix I. '
A
An analysis of the pH-absorbance curves showed the

presence of different species as the pH changed. In acidic pH; 42
PAR is present principally as H3P+ and H,P (c.P. Pig 2). In the
system Cu-PAR the following reactions seem possible a‘t high }l+ +

: concentrations: i \

* +Hvpt = cupt + 24t (1)

Cu 3

cu*t +H,P = cufpt + Tl (11)

) !

_

—

/ |
. In the above scheme of reactions only a 1:1 metal

\ complex was postulated. The existence of the 111 Cu-complex
I ’ & \ N

'
. ;
/ o
v /
.
. -
. -
B

oyt
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TABLE VIII

COMPOSITICH OF SOLUTIONS USED FOR THE EVALUATION OF
THE EQUILIBRIUN CONSTANTS.

| Solution Stoichiometric Stoichiometric
" Fumber Molarity of Copper  Molarity of PAR
1' * 1.0 x 1077 | 0.5 x 10”7
2 1.0 x 107 1.0 x 10~
3 1.0 x 107 © 1.5x 167
h 1.0 x 10~ . 2,0 x 1077
g - 1.0 x 1070 \ 3.0 x }0’5
6 > 1.0 x 3;0’5 4.0 x 1077
‘ 7 | | 1.0 x 10 . 5.0x 107
8 " 1.0 x 19'5 6.0 x 107 /
.
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/
X
rmémz 6. pH-absorbance CURVES FOR Cu-PAR
SYSTEM., Cu= 1.0 x 1077 M. Cell I-cm, A3500.nm.

A S

(1) ML =ls0.5

(II) M: L =1:1.0 I
(III) M: L = 1:\1.5
(IV) M: L =132,0

(V) M:L =1:3.0
(VI) M: L =1: 4.0 ”
(VII) M2 L = 13 5.0 |




5%
" 0.81 _ vil
Y L Vi
r 4
< .
o O.7T \"4
o)
v
)
- ¢ - = * C/
0.6+ CuP+HP " — CuPy + H v
o—a—
0.54.
o2
04+ ’4, L o—=a o— 1}
Y/ aaamac
,‘ﬂ
. (/)
0.3+ CuHP —CuP 4H 2/
4
(/)
»
0.2 -7 '
o."'
L4 L
—eCuHP +H
T 2 3 a4 8 6 7 & 9 10 11
pH
/
|
I
s\




. 55

. / i
as the only significant species present was proved by the method
of Continuous Variation at pi 2.1 and by the Mole-~Ratio method

at pH valués between 2 and 8.
i

The Job plot at pi 2.1 is shown in Pig 7a, The
solutions ;;re prepared according to the procedure /described
in section 1II1-2,3,3 . The composition of the solutions and
the absorbance results are given in Appendix }. :rho results
obtained with the Mole-Ratio method are shown in FPig 8 l. The
graphs were obtained according to the procedure described in
section III-2,3,1 , with 50-ml volumes of solution having a
metal concentration 1,0 x 10'5 M, and the concentration of

titrant PAR 1.0 x 107> M,

To prove the suggested scheme of reactions I and II (page
51), the pH-sbsorbance curves were analysed graphically to
evaluate”K by a r}xnction t{[ﬂ”]. CL ' C'n v Aty where cL and c.

are the stoichiometric concentrations of ligand and metal

respectively, A is the absorbance, and [H*] is the hydrogen ion

concentration, The molar absorptivity of the complex was obtained

by extrapolation of the flat part of curves III and IVL of the
pH-abiorbanco Zrnphc, l.i‘<tu;K correcting them for free PAR und’q,

the assumption of a 151 complex, The value obtained was’

Sounp = 1.69 x 10* 1-m"2 on™1 , As the pH increases in the range

§-6+ the absorbance rises steeply due to the formation of CuP,.

.
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PICURE 7. JOB PLOTS PFOR Cu-PAR SYSTEM,
Cell 1-cm, o~ 500 nm, O~ 520 nm,

a) @ 2,1, Cp = 4.0 x 1075 u,
b) M 8.0, Cp = 2.0 x 1075 N,

¢) pH 10,0, Cy = 2.0 x 1075 u,
' i ]

N .
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¥ denotes stoichiometric concentration of copper,
\
L denotes stoichiometric concentration of PAR,

CT'M"'L.

/)
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Y
PIGURE 8, 'TITRATION GRAPHS POR COPPER AT DIFFERENT

P values , Cu = 1,0 x 1077 M, PAR = 1,0 x 10> n,
A= 500 nm. 1-cm cell.

Volume of solution = 50 ml,

The number with sach titration graph is the pH value
for that solutfion, *

# CALCULATED GRAPH AT pH 8,

~
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The equations used ares ’

Por reaction (I), on page 51:
+ 2

W

c, = [cu“] + [cuupj

cp = [H p] [Hz] + [cunp*J
[“2"1 [ ]

K 5P ]
A =g [CuHP ] T [“3”1 + ‘nzp[“z"]
3%‘339 * Crtu,pKa1 / [ﬂ"]- - A - MK/ [u"]“u‘] 2
K = | [.ﬁ [A - ‘cuﬂch] ' (1)

For equilibrius (II) on page S1,

uip?

sl )
[e4] o]

C (ayp * a,,s,,[n‘] /Ky ) - A(L.- [j/ l)f [n

T leend o

/ N »
The values found for Kl. and “2 were constant for all the

/qolultiom. within experimental error, rh,sq resyults show that

both reactions were taking plico. The 41:ml£on"of K ealculated
: /

4




from equations (1) and (2) were the same. The K values evaluated

by the use of formulas (1) and (2) are summarized in Table IX.

In the upper part of the pH-absorbance curve at pH values
between 4 and 6 a different equilibrium predominates; it

corresponds to the following reactions

»

+

cuipt = cur + n*t (111)

This reaction is described by the rollfwing equationss

el {]

3 [ouir*]

" cm -[cug [cunp*]

+

N

A =85 up [cuupf' + #p [Cu?] _/

+

K’ =
a -

this equation can de re-written ass

e e

[ sw] [ |

R |
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TABLE IX
VALUES OF X, AND K, FOR Cu-PARSYSTEM.
' "
pH CL A log ‘Kl log K2
1.5 0.5x1077  0.043 1.63 [4.26
2.0 " 0,069 1.71 4,37
2.5 " 0,07 1.13 3.79
3.2  m 0,082 0.93 3.58
1.5 1.0 x 10 0.083 1.62 4,28
2.0 "o 0,123 i.65 ¢.15 !
2.5 " 0.145 1.53 '3.93
3.0 " 0.155 1.36 4,02
3.3 " 0.16 1.41 4,07
346 " 0,165 0.80 b, 146
1.5 1.5x1077  0.12 1.60 4,19
2.0 . 0,165 1,62 4,03
2.5 " 0.18 1.33 3,99
3.2 " 0.188 1.53 4,20
1.5 2.0x207%  0.155 1,57 4,15
2.0 R 0,20 1.59 3.92
+ 72,5 " 0.208 1.2% 3.90
- Averages ’ ‘1.’4{[3 4,08
. Standard error of mean ' 0.06 0.05
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A plot of A/C; vs { A/Cp = 85,0 ) ‘gt should be a
straight line with a slope -1/1(3 and an intercept equal to
8cup’ When d\eviations from the straight line were observed the
equation could no longer apply and thus the range of pH where
1t 4s valid could be established. This range is a function of

the M: L ratio as shown in Pig 6.

The value of a CuHP calculated previously for the
equilibium (II) existing in the curve below pH k. 8..p
was calculated using two points (A; , A, ) from the pH-

absorbance curve, by means of the following equation:

Mty - (5, ¢ ([N, A(EY O]
- — (5)
e - 40000 ¢ gt B0, - 0]

a

‘When excess of 1igand was prosent the different PAR
species were included in the mass balance equation. In those

cases the final equationruud for the evaluation of K3 was$

. [Catousp - A + aHz;,x + xd] [ H4]

y - [A-a c-aﬂsz-n]'i ©

CuP m

wvhere!




The value obtained for g, ,p by use 'of equation (5) was
3.9 x 10% 1-272 cn'L‘pt 500 nmy it agrees with the value
(3.9 x 10") obtained by extrapolation of the flat part of
curves (12 and (II) of the pH-absorbance graphs, (Pig 6), at

the same wavelength,

Using the absorptivity of CuP evaluated from equations
/ (3) and (5), it is _poss ‘19 to /calculate 3 The results are
in Table X,

\

/' TABLE X

B CALCULATED VAIUES OF K3 POR REACTION:

cuir® = Cup + nt (111)
pH A -y ~log K,
) . /
4.8 0,12 0.5 x 105 © 5,17
5.1 0.137 0.5 x 107 5,17
5,0 . 0.27 1.0'x 1075 5,10
5,5 0.333 ‘1,0 x 1075 5,11
4.5 0.224 = 1.5 x 1077 5,17
© 50 0291  1.5x107° 5.03
"/ ‘ 505 . O¢ ’!"5 1.5 X 10-5 N 5: 03
. 4.5 o2 - 2,0x1075 4,97
- 5.0 0,304 2.0 x 1075 5.01 I
/ ; Average: 5,08

Standard error of means 0,03
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N

The value of K. calculated from equations (3) and (6)

3
corresponds to the K3 obtained by the half titration method,

Above pH 6, for a metal-ligand ratio of 1l:l or less,
the reaction is not pH doponéont nl.onn be seen in Pig. 6,
curves I and II, Starting at pH 6 copper starts to be present
in solution as cuoH® (Pig., 9) 1 at pH 8, 90 £ of the copper
not bondoq’to PAR is present as Cu0H+ « This oan reamct with /
PAR as follows: ;

l
» . CuoH® + HP™ = CuP +-H,0 © (1v)

In cddifion. after CuP has been formed the absorbance il
a function of the PAR content indicating that the reaoction
mu‘t,involvc tﬁg presence of free PAR, Moreover, the results
of nlJob‘plot at pH 8 (ratio 111) and 10 (ratio 1412), and
the inoreasing absorbance on the titration graphs after iho
break corresponding to a 111 metal-PAR oholnt; from pH 7 to 10
seem to indiocate that the reaction taking place was:

o GuP + HP" mOup,” + H* (v)
Job plots are shown in Pigs 7b and 761 the solutions
were prepared as desoribed in seotion III-Z.:.) » The
composition of the solutions and the absorbance measured are

given in Appendix 11, A Job glot at pi 8 indicates a 11,1
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metal-ligand ratic, The shift of thq’maximum towards a 13 2
ratio indicates the presence of a small amount of the 1t 2
chelate j§at pH 10 the maximum of a Job plot is at 1 1,8
(Ms L) ratio which shows that the chelate wae mostly as CuP,

The titrations graphs from pH 7 to 16 were obtained
accoraing to the procedure described in section III-2,3.1
with solutions containing a known metal concentration of
'1.0 x 1077 ¥ . The concentration of titrant PAR was 1.0 x 103
M. The graphs obtained at 500 nm. are shown in Fig 8 .

At pH 7 a sharp break was obtained for the CuP éhclato,
but after the end point the absorbance kept on incroasing after
each new addition of PAR, the apparent absorptivity of PAR
under these conditions( pH 7, 500 nm.,) did not account for th
incrense, The slope after the break corresponding to the
formation of CuP chelate became more pronounced as the pH
increased, at pH 9 curvature started to aﬁpcar and bocame very
obvious at pH 10. At this pH, when the amount of ligand addad
wvas in great excoss (13 1.5 ratio) the absorbance became
constant an'd an extrapolation of the two straight line portions
of 4he curve gave a bf}nk corresponding to a 15 2 molar ratio.
This scexs to indicate that if the titration at pH 7 were oarried
far enough (13 20 approximatly) a oonat/ant absorbance would
finally be obtained and by extrapolation of both 1lines the end
' point for the CuPX chelate could be estimated,
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To evaluate the equilibrium constant of reactions IV

and V,(page 68), a series of cquations were derived assuming
the oxistence of Cupg species at pH values above 6.
) _

[ou)

A Toucr (7]

' [ours] 54 .
% Jou] (7] : |

c, \-{cuoxﬂcup]-[eufz']
wpeleslondf]

A =g four] + e [owr3]

ty *

I¢ ve use the absorbance readings from ourves where PAR
concentration 1is smaller than or equal to the metsl
concentration, we can neglect the presence of curi' . Under
this’uscumptionwfha value of is ¢1vcn by equation (7), and /
the value obtained 1is 5.7 x 10", / °

L]

{

. - - /
Y {,%’_‘cnfgg_; ‘J/('ﬂ, OHPJ / Oy sl (7)

(?t = 8a.p Cy L ) ) )
Sup = Soup ,

[ /

unn the mtmm of ium is mm mn that of

oa

"y
{ 2_7«,» O i k4

. .
w{ 3 k %ﬁ?}é %é@g e or.«! ;;4"%,}‘?‘." . . -1
i e D
JH‘ ﬂé‘*mé ot L f&i - i W/";&'«Wﬁmj ’gﬂ‘* RN " - “#
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the motal, Ouﬁ; starts to form and K5 is given through the

rS

‘use of equation (8). /
[A = 8cup cm]
o Cqu :
e ] [‘cup?_ - ‘cuP]
/ A Y
- ) \ /
/ A= 8cup Oy .
a -a 2
“";.' CuPy CuP
xsﬂl .
Cacup, = CLtcur < Cn Scoup, Wyboup = b Cotour, = A
. a -8 S =~ &
/ oup, ~ *oup ciap, ~ *cup
, / vieeel(B)
¥ At pH values betwsen 6 and 7 the presence of Culir ¥ wag takm
4 / into consideration in the derivation. cuP was evaluated rrom
squation (9) and by the use of the appropriate mass balance
)
equations, the concentration of CuP and ﬂt[ vere evaluated
\
[ and therefore x, . |
N P
CuP»y
(cuP)" 5. 8 s 2!(’ H* ‘7)
- - - §
I [M ouP,” Scultp CuPp
R |
/ 3 -
. The molar abgorptivity of Ou?.: was obtained by -, .

extrapolation of the flat part of the titration graph at pH

;o
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10 (Pig, 8), A value 7.6 x 107 1-m"lom~1 was found. .

The values obtained for K5 by the uss of equation (8)
and (9) are summarized in Table XII., Values of K5 obtained
from the titration graphs are given in Table XI,

~

TABLE X1

—

VAIUES OF K5 OBTAINED PROM THE TITRATION GRAPHS,

>

CuP + HP™ = cuP,” + H*

w ’ '10‘ xs

) C7.0 2,97
/ ! 8.0 - 3.7
9.0 ‘ 3.7

z ’ / 1000 “OM

! [
3

As regards the variations in the caloulated values toi;
Kg at piH below oa. 7,5, more involved measurements would be
required to explain them, At pi 8 to0 9,5, reastion’(V)

/ predominatess the K values obtained are oonstant and pH dependent
as it is seen in Pig, 6 curves III and IV, The value obtsined

, forpﬂs is 3:/. ’ / /

Above pif 10 the ‘reaction onge more buqln P Lndopmdonf. /
. and it is suggested that the resotion iss ,
cu? + P* = Ou?z. - (VI')

‘ ’ / }" / ’

o~
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TABLE XII

VALUES OF K OBTAINED BY THE USE OF EQUATICNS (7) AND (8)
' CuP + HP == CuP, + H'

pH A CL =log K5
8.1 0.505 3.0 x 10~ 3.67
8,1 0,542 4,0 x 107 3.67
8.1 0.567 5,0 x 10~ 3,68
8.3 . 0M37 1.5x 20”7 3,8
8.3 / 0.477 2,0 x 10~ 3.76
9.0 0,503 1.5 x 107 3.73
o 9,0 0.615 3.0 x 107 3.95
/ 9,0 0.53 2.0 x10° 3.82
9.0 0,653 4,0 x 10~ 3.90
9.0 0,661 5.0 x 10" 3.9%
10,0 0532  1.5x100 4.3
‘ 10,0  0.613 2,0x10" .45
10,0 0,682 3.0 x 307 | .50
{ ‘, ) +
A v, e [ .. f‘f;
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TABLE XIII
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BUMiARIZ;D VALUES OF EQ‘UILIBHIUM CONSTANTS EVALUATED IN THE

Cu-PAR BYSTE. ”
_pH Range p)§ - Equilibrium
//1.5 - 3.0 _1;]’,—3 . ‘f[wq[ﬁ
" [0,
1.5 - #’.;o .08 X, ["::‘1’{[::}
) re / -
4,0 = 6,0 5,08 g fowr][n*]
. -3 OCulp
L cuP]
7.0 = 9.5 8,76 K“ [
. [Ouon’j[xp']
9.5 il
7.0 9'9’5‘% 3.7 "’{ 2
10 N oo 1O0PS)

/.,

f
5 4.3
¥ Se
. W -
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/
/
From the equilibrium constant evaluated for reaction (V)
\
at pH 10 and the equilibrium conatanf Kﬂ3 of PAR f;ﬁ;grizwsl)

the value of pK6 wvas determined (p58918.6).
—

/

The equilibrium constants ovaluatod in the copper systenm

are summarized in Table XIIIX.

A titration graph was predicted at pH 8 taking into
consideration CuP and CuP; as the only Cu~-PAR species present
at that pH. The graph was built using K# lnd‘Ks and the proper
mags-balance equations. The graph obtained is shown in Pig. 8.
The difference between the predicted and observed graphs 1is

/

negligible as can be seen in the figure.

Corsini (35) has critically revieved the work
published on the systen Cu~-PAR., He reports a valus of xz and

‘3 in good agreement with the present work,as seen in Table XIV,

PABLE XIV /
REPORTED VALULS /or Cu-PAR SYSTE ‘IN THE LITERATURE AS COV'PARED
VITH THIS WORK,

N

_ This work Corsini (35)
log Kz ' » 4,08 / ,1
log X, ’ 5,08 - 5,5
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3,4,2 System Lead-PAR,

The reaction between PAR and lead(II) is readily
observed at pH values greater than 3 when the plumbous ion is
in stoichiometric excess (Pig., 10, curve V)., The use/ of PAR
as an analytical reagent for the photometric determination
of lead has been investigated previously by Pollard et all
(16, 18, 19), and by Kristia?aon and Langmyhr (25), Pollard

reports the formation of a 111 and a 1:2 (MiL) complex, whereas
Kristiansen reports only & 1:1 (MsL) complex, To solve the
disagreement about the nature of the lead species, Dagnall et

al (26) made a complete study of the system by the use of the
Continuous Variation method and the Mole=~-Ratio method, They

nade the study at pH 10 and they observed the formation of

only & 151 (MiL) complex, In the present investigation, use of

the Continuous Variation method showed that a single ratio of

111 (MsL) was observed for the Pb-PAR species between pH 4 and
9., Therefore, only a 11l complex will be assumed in the

reaction schems at all pH values studied.

In or407 to understand the titration graphs and predict
then at different pi values, pH-absorbance curves were
obtained for solutions containing various amounts of metal
ion and ligand PAR nixod in different ratiou, A graphical and
numserical analysis of the curves obtained wum according
to the procedurs desoribed 1? qgction 111-2,2 , 123‘golar
absorptivities and the equilibrium oonstants of the complexss
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!
!
t
h

!

could be ovalyud from the data,

!

The appearance of the pH-absorbance curves (Pig. 10)
foi,' different MiL ratios and the fact that the ratio of
Pb/PAR in the complex is reported to de 1:1 , suggest that

the following reactions were taking place:

+

Pt o+ Hp = poHPT 4+ W (v11)

poHP* = PP + Nt (V1I1)

The decrease in sbdsorbance at pH 12 may indicate the

presence of & new -piciot.

The spectra for solutions containing an oquiyolur
amount of the reagent are shown in Pig, 11 , In these
\curvu, an isosbestic point is observed at 455 nm for
solutions with pi between 5.6 and 8,2 , At pH = 12, there
is a displacenent of the wavelength of maximum sbsorption
(520 to 510 nm), The absorbance also decreases., These facts
support the hypothesis that a new species was forming at this

pH,

The solutions used to record the ;/i!-cblqrunco curves
shown in Pig. 10 were prepared according to the procedure
desoribed in section 111-2,%,4 , The composition of wach of
' the solutions prepared is given in ‘t/nblo VIII (page 52)/ . The
sbsorbance values of thou?ulutim were read sgainst water
as the reagent dlank at 400, 500, 510, and 520 nm, The
results are given in Appendix 11, The behaviour of the

\\ li
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FIGURE 10 , pif~absorbance CURVES POR Pb-PAR®
SYSTEM, Pb = 1,0 x 10™° M , l-om oell, As 500 nm,
The number with each curve is the pH value of the
solution,
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FIGURE 11 . ABSORBANCE CURVES OF Pb-PAR IN
AQUEOUS SOLUTION. Pb =1.0 x 1077 M.

l-om cell,

a) Ratio Pbt PAR 1:1

\b) Ratio Pbt PAR 1t 100 -

The nurber with each curve is the pH value of

the solution,
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uyl;onuwlth time was studied and showed that at pH 8, 9, 10
and 11 the absorbance of the solutions was decreasing with
time (Rig. 3). No constant absorbance values were reached,
In addition to the proponod\oohomo of reactions, it seems
that several other reactions could also take place in this

system of reagents,

Th? analysis of the pH-ubnoﬁbanoo curves shown in Fig, 10
was made as described in section III-2,2 , Thus the molar
absorptivities and the equilidrium constants could be }
evaluated, Ag pH below 5, the significant resction taking place
was VII, (page 79). In order to have 4 measuradble amount of
chelate PbHPt » & large excess of metal ion (C = 1,0 x 10°2M)
"over the ligand was used (C; = 1,0 x 10f5 M). This was possible
due to the low pH of jho solutions, The absorbance was read

at different pH values and the curve is shown in PFig. 10, curve

|

V. The value of the molar absorptivity of PoHP' was caleculated
by using two absorbance points on the pH-absorbance curve, in H
the formula: /V4
: | [*] ‘
: [ ]142 Y LM P (10) ,
|

*ppip”
Lx Ky X282

J
- - . “fl -
[H*:]n C; |a ‘RJP L{ " o
where X = A j1 - L | *H,P
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. N i _
the value oalowlatod was a PbHP w148 x 10" 1-m~l-cn~1 at
A = 500 nm.

The value of KI oould then be evaluated from the
following set of egquationst

[pwop’) (1)

C TR
| Cp, -[pb’HprP] [pb* ¢

¢ = | [PbHP] [H p] +[H3P ] - ‘ |
s - am{p{mp ] +_ ,p [ap] + n"a"[%ﬁl

Cp (Spunp Cp = 4 )

Using the value calculated for the molar absorptivity
a.nd the data of curve V (Fig 1@ below pH 4,5, the value or’
Kz.w&s found to be 0.5 .

Assuming that reaction VIII in the suggested scheme was
taking place in the rising part of the pH-absorbance

T ———
. = L2

T

TR

T
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ourve (pH values 5.5 to 7.5), the following formula can be

derived (see page 66) fronm tho~§ropor mass-balance and Beer's

lav equations, .

m . [cm“anp - A+ a“zp X - mq] [H"'J
2 -k

A - apbp cm - Qxapx + XX

wheret C, = Cp
T T
p Ka2
H N
i) '

- [yl

~——
——

b 4

Ka2

The )fargo deviations observed in the xa evaluated are
* que to the propagation of errors produced by the different
terms in the adbove equation and also, possibly, to the faect
that the assumqtion made,(reaction VIII only takes place in
this pH range)is not completaly Jjustified.

In order to understand the bshaviour of the system as
the pH is increased gradually from acid medium, the
distribution diagram (@ -distribution) for the lead (II)
ion was constructed (Appendix 3). It is shown in Fig 12. =

?he rollo$1ng sot of reactions .seems reasonable when Pb(II)
and PAR are present in a solution whose pH is gradually

increased:




-‘ . ~\\ | -0 . |
1!’ - LT + " (Vil)

' o+ P = POHRY 4 ]
PPt = PUP + X' (virr)
' po** ¢ WP = PP o+ (Ix)
‘EBOH" + NPT = ’PbP + K0 (x)
' oo J HoP = PoP + H,0 + K% (XI) e

©

N :
Consideration of the a-distridbution diagram of PAR

(Pig, 2) and of lead (Mg. 12) with the pH leads to the

econclusion that the reactions that can ronuonnbl& be

taking place at pH 5 are the reactions VII, VIII, and IX,

Using the molar ahgor?tivlty oulculu&nd previously for PbHP‘

and the vnlw’\or KI as found above, and the molap absorptivity

of the species RPP obtained through the Mole=Ratio method

data n?'pﬂ 8, the equilibrium constant for reactions VIII

.and IX can be evaluated through the following equations:

.cn - [pbup*] [P‘o?] [ ’] LN
o, = [Pwp"’] + [pbp] N [ ] [HP]
[l |

("] ["a*’] |




e

b

) A» ‘P;P Eb; + Bppyp [PbHP"’] #} Mp PP'E] + ;"zp[)tz?]

L

l |
Solving these equations, we obtain:

<X )
a(HP™)? ¢ B(HP") +o =0 ()
, x ’ . A :
Whers: & = wm————— ( %ppup = Sppp ) )
Ko / Xy ' .
[ . ’ /
y
a a ,
._.ZhHL_(cn-cL)-_&L_(cm_cL)_,
/ K KM K - .
X2 / %1 2’ K1 ,
Cp - Cn e K2
Sppp T -
/ Cade] T
¢ = /‘Pbp OL - A . K . {

_ )
Applying these esguations to curves I to IV at pH S , we
obtain the following values- for K, and K3. s '

Ky = 2.5 x 1076 . Ky = 0.4

¢

\




" PIGURE 12, DISTRIBUTION DIAGRAM FOR THE DIFFERENT
_ SBPECIES OF LEAD AS A FUNCTION OF pH., (27-32)

o oty Pb(CH) ]

Wy - 2
[Pb]_m : “‘ Pb],r

_ [vor’] | _ [potom?)
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Above a pH 8, the equilibrium could not be reached,
ponlibly‘duo to a slow resction between Pook* ana KP™,

-When the chelate is formed by small additions of the
lignnp to the 1an’|olutlon. as in the Continuous Variation
" method, the absorbance at tharoquivalont point is smaller
than that obtained by quickly mixing the stoiohiometric .
améuntl of the reagents, A tIPrntlon graph at pi{ 8 is shown
in Pig. 13b., The break is sharp and the end point is accurate,
The absordbance is stable at least ro; a period of one hour
following the titration é?ig. 3)., An apparsnt K was evaluated
from the titration graph, with a wvalue of 0,76 x 106 1 this
%aluo gives the order of magnitude of K for the reaction
taking place at that pH (8), This value.of K can not be
considered an equilibrium value since the absorbance of the
solutions at this pH and higher were decreasing continually,
It may be that the decreases in absorbance was due to other
reactions tnking_pluoe. Garrett et al(33) reported that glass
1s attacked by the solutions of lead and alkali,

Titrations at pH values 5, 6, and 7 are shown in Figs., 13
and 13b, comparison of th;§0 titrations showa that pH 8 is
the best choice for the determination of Pb(Il) with PAR,

f
The decresanse in absorbance at pi 12 and above could be

due to the formation of a new lead complex or to the

destruction of the species existing at lower pH, At very high

G



PIGURE 13 , TITRATION GRAPHS POR LEAD AT
DIFPERENT pH VALUES . Pb = 1,0 x jo" N,

PAR = 1.0 x 1070 N , =500 e, |

a) pH values 5, 6, and 7,
b) (a) without corrsotion for free PAR, pH 8,
(b) corrected for free PAR. pH 8 ,

{
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pH, lead forms the following hydroxo complex: Pb(OH)3' . This
negatively charged species may not react with the negatively

charged PAR lons.

The values of the equilidbrium constants evaluated for

the lead-PAR system are given in Table XV,

TABLE XV

SUMMARIZED VALUES OF EQUZLIBRIUM CONSTANTS EVALUATED IN THE
Pb-PAR ‘SYSTEN., '

K Equilibrium
‘ + [+
0.5 K = Pbﬂz+ H
Pb HZP]
-6 p |yt
2.5 x 10 K, =
J e pwp*_[

0.4 Ko =

S mar AL L

Vade e

A S P

ISR
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3.4.3 Syat7m 2inc=-PAR,

The formation of zinc=-PAR chelate was observed at pH &4,
but if metal is used in excess (100:1, MiL) the chelate is
seen to form at pH 2.8: i,e. the red-orange color of the

chelate is immediately obssrved,

The absorption spectra for solutions containing differ;nf
M:L ratioa, are shown in Fig., 14 , For a rntio~McL- 100:1 an
isosbestic point was present at 430 nm for a pH greater than
4,8, and two maxima were observed at 400 nm and 490 nm. When
the ratio was 112 there was a shift inAmax at 400 nm and the
isosbestic point was observed at 440 nm, and above pH 6, the
otheerx (490 nm) remained constant. The same kind of
spectra were observed for a 1:l (MilL) ratio as for the 1:2 ,
The shift at 400 nm corresponds to free PAR, and the absence
of an isosbestic pofﬁt below pH 6*indicates that more than

two species wers in equilibrium,

The pH-absorbance plots (Fig. 15) indicate the presence
of at least three complexes ingolution; one for solutions
containing excess of metal ion at pH 4,8 (curve V), one

~botwun pH 4.8 and 8, and one above pH 8 ,

In order to identify the complexes present in the system,
4
the Method of Continuous Variation was used at p{ &, 5, and 8,
The results are given in Tadble XVI.

The Job plots for the wavelengths of 500 and 520 nm, are

~
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FIGURE 14. ABSORBANCE CURVES OE Zn-PAR IN
AQUEOUS SOLUTION. 2n »1.0 x 107% M,

l-cm cell.

a) Ratio Znt PAR 1: 1

b) Ratip Zn: PAR 1: 2

¢) Ratio 2Znt PAR 100: 1 .

The number with each curV¥e is the pH value

for that solution.
\
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FIGURE 15. pH-absorbance CURVES FOR Zn-PAR

SYSTEM. Zn =1,0 x 1072 M. Cell 1-ca.

A =500 nm.

(1) MiL = 1:0.5

(II) Mt L= 1:1.0

(IT1) ML =1:1.5 ®
(IV) M L= 1:2,0

Qp) M: L = 1:2,5

(VI) Mt L = 100t 1.0 ,
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TABLE XVI .
{

COMPOSITION OF 2ZniPAR CHELATES AT DIFFERENT pH VALUBS BY
THE CONTINU?US VARIATION METHOD.

pH M: L

1‘ 1.5 h
5 1: 1.66
8 1: 1.9

\

\

shown in Fig 16 . The solutions were prepared according to the
procedure described in section III-2.3.d . The composition of
the solutions and the absorbance results are given in appendix

I.

The spectra of the mixture at different pH values as well
as tﬁe results obtained by the Continuous Variation Method and
the shape of the pH-absorbance curves (Fig 15) suggest the

following series of reactions:

it 4 HP = ZnHP*-G\- Ht (x1I)
\ 2nEP* + H,P = Zn(HP), + mt (XI11)

ZnHP* = Znp + H? (xxv)

zn(HP)2 = ZnP(HP)~ + H* (xv)

ZoP(HP) "~ -znP; + wt (XVI)




Cop

L P

PIGURE 17, JOB PLOTS FOR Zn-PAR SYSTEN, |

Cell 1-om, 0500 nm, O 520 nm, )
a) i 4,0 , Cp = 4,0 x 1073 N,
b) pH 5.0 , Cp = 4,0 x 1077 N,
c) pH 8,0 , Cy = 2,0 x 1077 N,

N denotes stoichiometric concentration of copper
L denotes stoichiometric concentration of PAR

f
=M+ L v

‘i
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|

entt + HP™ = gnp + H' (XV1I)

/

ZnP + HP™ = ZnP,” + K*

(XVIII)

Above pH 8 hydrolysis of free zinc makes it necessary to
take into consideration the different zinc-OH species (see Fig.
i?) present. The reactions proposed at those pH values are not
pH dependent, a conclusion that is evident from the pH-
absorbance curves (Fig, 15) in that pH regiom

Zn(ou)2 + HP = 2ZnOHP™ + H,0 (XIX)

2nOHP™ + MNP = 2ZnP, + H,0 (Xx)

In the z2inc system the simultaneous occurrence of several-
reactions makes it impossible to evaluate &he equilibrium
constant for each of the reactions involved. An attempt was
made from the data for pH 8, to evaluate the K values; but the
great number of zinc species coexisting makes the systém

highly complex.

Under the assumption that reactions XIX and XX are the

only ones taking place at pH 8, a value of K* was calculated

.from the titration graphs at pH 8 and 9. This K* corresponds to

the overall constant for reactions XIX and XX. The value

obtained was 7.3 x lolu .

ke = [ ore,- ] :
[emtomy) [
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FIGURE 17. DISTRIBUTION DIAGRAM FCR THE DIFFERENT
SPECIES CF ZINC AS A FUNCTION OF pH ( 3W

[2n++] [Zn(OH)—]
YRR T @R
_ 2n0H 4] [Zn(oa):
= PR S T
Zn(OH)]
- [ [oo] T2
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The values of K found for reaction XIX and XX were:

6

) KB 22,3 x 107. and K.= 4.35 x 10° . These values were obtained

9
by using the pH-absorbance graph data, and under the following
assunptions:

z 1) when the concentration of ligand is smaller than that of the
metad concentration, the main chelate formed is ZnOHP™ and the
amcol\?nt of ZnP,” is negligible.

2) when the concentration of ligand is twice or more than twice
that of the metal concentration the main chelate species in
soﬁution is ZnP2= andyother non-hydrgxo PAR species are
negligible,

The equations used to obtain KB and K9 were obtained by solving

the appropiate mass-balance equations,

[ A - a’HPcL} Ezmnp - anp]
Kg =

[cLaZnOHP - A] [Cm(aZnOHP - f’np) A+ “HPCL]
| [‘HP (Cp - Cpl- A+ cmaZnOHP] [aHP " %2np, * ‘an]
K. .=

9 .
» E"P (2c, ~cCp) - CmaZnPZ + A][A + ‘anz(cm -Cy) + ‘znp(CL‘zcm)]

J
f

The molar absorptivity of ZnP2= was evaluated from the data

obtained by Molar-Ratio method at pH 8, and 9, The value

4 1 -1

obtained was 7.7 x 10 l-m “ecm ~; for the molar absorptivity of

q!’ ﬁhnOHP', it was assumed to be of the order of half aanz which

proved to be correct in the copper system, Therefore the value

- %SWM‘«‘MW s My
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h

ugsed for ay.p Yas 4,0 x 10 1

1-n"Yem™l.

The values obtained for the equilibrium constants of
reactions XIX and XX showed that one of the assumptions used

|

for their evaluation is not correct. Given the order of

magnitude of K9;(h.35 x 10%), the amount of ZnP,” formed at
low concentration of ligand is not negligible, Using the
value obtained for K9. a better value of KB can be calculated
which takes into consideration the amount of ZnP2= present in

reaction XIX. The corrected value obtained for KB was 3.2 x 107.

From the values obtained for Kg and K9 and the proper
mass-balance equations it is possible to predict a titration
graph at pH values above 8, Using equation 13 the calculated
‘absorbance at~pH 8 was evaluated. The re%ults obtained are

compared with the observed results ip-Fig. 18b ,

a(HP™)? + b(HP™)2 + c(HP™) + a4 = 0 (13)

c = Ka (CL - Cm) - 72.42

Titration curves for zinc at different pH values are shown
in Pig. 18a ., At pH 5. and 6 precipitation occurred when excess
of PAR was present. At pH S this phenomenon was observed after

the solution had been standing for some time (approximatly one

hour). At pH 6 the precipitation was immediate; therefore at
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FIGURE 18, TITRATION GRAPHS FOR ZINC AT
., DIPFERENT pH VALUES, 2n = 1,0 x 1075 N,

PAR = 1,0 x 10~ N, l-cm cell. = 500 nm.

a) pi.values 4, 5, 7, and 9 .
b) piH 8, 2n = 0.76 x 1073 M. The arrows indicate

calculated points by use of equation 13.

The number with each titration graph is the
pH value for that solution,

k<3
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bl

v /
6, it is not possible to do a titration. The formation of a
precipitate suggests the existence of & new species in that pH

range,

An analysis of the titration graphs at different pH
values showed that the best pi for the determination of zinc is
at a pH greater than 8, wpere a sharp break was observed af the
end point. Moreover the higher absorptivity of the species
present above that pH allows lower limits of detection.

The values of the equi}ibrium constants evaluated for the

2inc-PAR system are given in Table XVII,
TABLE XVII

SUMNARIZED VALUES OF EQUILIBRIUM CONSTANTS EVALUATED IN THE
Zn-PAR SYSTEM.

log K Equilibrium
&nﬂﬂ?i J

73 N =[2n(ou)2jap‘]
[Z“P;] -

6'&:5 %9 [ZnOHP'][HP']

3.5 Titration of Mixtures.

[

Once the study of each single metal-PAR system was

L4

-

s
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’ 18 |
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completed, it was possidble to wake the determination of the
mixture of metals, It was observed in the three systems that

the species present at alkaline pH (above 8) have higher

absorptivities than the ones present at\lower pH values; this i

allowed the determination of lower concentrations of the metals,

In the case of the copper-PAR éystem. the presence of CuP2=
in significant amounts at piH 9 or higher, makes pi 8 the Bes?
cholce for the determination of copper. The determination couid .
8lso be made at pi 9 or 10, but the amount of ligand used at \\\\»;
these pH values is larger in order to have a complete reaction, f
the determination is more time consuming, and the system more
complex in presence of other metals. From pi 2 to 8, sharp
breaks are obsgrved and copper can also be titrated at any given
pH in this range. From pH &4 to 7, there is an equilibrium between
the two species present and small changes in pH cause a large
change in absorbance., This makes the use of pi below 4 more
suitable than from pi 4 to 7, because then the solutions need
not be buffered. Even then, the higher absorptivity at pH=8

makes it the preferred choice.

It was obsaved in the stem,  that although the
chelate starts to form pﬂ‘ﬁ. sharp breaks were not obtained
until lower hydrogen-ion concentration 7as present (pﬂlabove 8).
The non-equilibrium of the sys lm at soﬁg pii values made pH 8
the best choice, where. the dbsorbance readings in a titration
rema ¥ned constanf for the first 24 hoJrs (see Fig. 3).

f

I




119

For the zinc system the best piH for the determination was
above 8; at pH 4 and 5 even when formation of chelate was
observed, it was not possible to\obtain any break, At pH 6 the
immediate formatidn of a precipitate does not allow any
determination; besides, the high complexity of the system makes
the evaluation of the stability constants impossible at pH

lower than 7.

'Prom the aboze discussion of the systems, it was
concluded that the best pH for the determination of the
mixture of metals was pH 8, A titration at that pH is shown in
Pig. 19, Just two breaks are observed in the graph, which agree
with those expected, The first break corresponds to the copper
and zinc having been titrated together to form CuP &nd ZnP,",
and the second break to the lead having been titrated to form
PoP, The relevant formation constant:s are: K, o = 5.7 x 108
Kgnonp- = 3-16 x 107, Kgnp, = %.35 x 10%, and Kppp = 0.7 X 10
(evaluated from the titration graph). Purther the relevant

absorptivities are 3.9 x 10“ for CuP, 3.9 z 104 for ZnCHP, ,

6

7.6[: 10" for ZnP2= , and 3.% x 10" for Pb

The increasing
part of the curve after the last break corresponds to the

= = = -6 - b
formation of CuP, (KCuPz' 8.2 x 107", ‘CuPz = 7,6 x 107),

To prove this even mrthér. titrations of mixtures Cu/Zn
and Cu/Pb at pH 8 were made. The graphs obtained are shown in
Figs. lgb and 19c. In the first c;se a single break corresponding
to the mixture of metals is obtained; for Cu/Pb mixtures two
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FIGURE 19. TITRATICN GRAPHS FCR THE MIXTURE OF
METALS. PAR =1.0 x 10-3 M. l-cm cell.k 500 nm.

* a) Cu/Pv/Zn Mixtures
1) pHm=2
/S Cu = 1.0 x 10
Pb = 1.0 x 10
Zn = 1.0 x 10~
2) pH=8 | .
Cu = 0.5 x 140"‘," M.
Pb = 0.5 x 107 m.
Zn =.0.5 x 10"5,}1.

5 M.
5 M.
5 M.

b) Cu/Zn Mixture at pH=8.
Cu = 0.48Y% jx 16"5 M.
Zn = 0.385 x 10~ M. |
¢ //
¢) Cu/Pb Mixture at pH=8. ®
Cu = 0.97 x 10‘5

Pb = 0.97 x-10"

M.
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two breaks, one for each metal, are observed,

Since at piH 8 it was not possible to determine the
separ;te concentrations of copper and zinc present together,
it was necessary to repeat the determination at another, more
suitable pH. Thereforé, the copper concentration was evaluated
at pH 2, where zinc and lead PAR chelates do not form. Once
the concentration of copper was known, it was possible to
calculate the zinc concentration from the overall concentration
of the mixture determined by the titration of it at pH 8.
Two methods were used for the determination of the concentra/tion
of each metal in the mixture:
1) A sample containing a mixture of metals was adjusted to pH 2;
the titration was then made taking care that the amount of
ligand added was just enough to determine the end point for copper.
The pH was then increased to 8, the sample diluted to twice its
volume in order to have half the amount of copper chelate, due
to the higher absorptivity of the copper-PAR chelate at pH 8.
An aliquot of this solution was then taken, and the titration
continued to past the end points first for copper and zinc,
and finally for lead. A graph with the results obtained by this
procedure i; shown in Fig, 19a.
2) Two separate determinations were made, one at pi 2 for copper,
and a second one at piH 8 to determine the end point first for

copper plus zinc, then the end point for lead.
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Of these two procedures the second one proved to Ve the
better one. The first one is more elaborate and requires more
handling of the sample which can produce larger errors. Besides,
the short number of readings that can be taken after the copper
end point before adjusting the pH from 2 to 8, are too few to

be able to determine the copper end point very accurately.

Copper could be determined from pH 2 to 2.7 without
interference from zinc and lead, even when tﬁese metals were
present in high amounts. D;terminations of copper were made in
the presence of 100 fold excess of each of the metals without
any effect on the results, This allowed a pH range for the
determination of copper in mixtures with high concentrations of
lead and zinec, If lead and zinc were present in lower
concentrations (PbiZniCu = 10:110:1), the determination of copper

can be made up to pH 5 without any interference.

In order to observe the precision and accuracy of this
method, a determination of a sample of Cu-Pb-Zn mixture was
repeated four times. The results are g£iven in Table ;VIII.
They show that the agcuracy and precision of the method are
good. The determination is fast and it has the advantage

of being in water, ‘ .

P -

- s

kil 01
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. TABLE XVIII
REPLICATE ANALYSIS OF A MIXTURE OF COPPER(II), ZINC, AND
LEAD IN AQUEOUS SOLUTION AT 2 5°C. BY SPECTROPHOTOMETRIC
TI"I“RATION WITH PAR.
Concentration of PAR: 1.0 x 1073 M,
Yolume of solution: 50-ml
Wavelengths used: 520 nm for pH = 2, S00 nm for pH = 8
Concentrations of metal taken: Cu = 0,999 x 10’5 M ‘
Zn = 1.020 x 1077 M
Pb = 0.999 x 1077 K
pH Volume of titrant mean Standard
used, concentration deviation
) of metal found x 105
To first |To second M x 10 5
end pointjend point
ml ml Cu Zn Pb Cu {Zn Pb
2 0.098
2 0.098
2 0.098
2 .
0.099 .98 L 005
8 0.150 0.250 "
8 0.150 0.249
8 0.151 0.250
8 0.152 0.251
1,02 | 0.99 .010{ -005
| 18
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DISCUSSION

The analytical method developed for the determination
N
of copper, lead, and zinc in mixtures proved to be precise and

accurate,

Spectrophotometric titrations of metals with PAR are

very sensitive in the visible region of the spectrum, The molar

1 -1

absorptivities of the complex are of the order of 39000 l-m ~cm
for MiPAR complexes and 77000 1-m"lcm™! for the M(PAR),

complexes,

As -the concentration of metal chelates used for the

5 i

evaluation of the equilibrium never exceeded 2 x 10
the activity coefficients of the metal chelates were taken in

all cases to be unity.

There are disagreements in thé literature, on the
stoichiometry of complexes of several metals at the different
pH valﬁes. Hnilickova and Sommer (17) reported that in an acidic -
solution of a divalent metal the species mipt forms, whereas
in alkaline solution l(}{P)2 forms. Nevertheless, species of the
type NP have been reported to be present in alkaline solut;ons.
Discrepancies found in the literatu;e for the pH range in which
the species reported in this work are significant are given in
Table XIX.

|

The existence of the different chelate species in the pH
range shown in Table XX was observed in the present work.
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Due to the different species of PAR that co-exist in
solution, the reported values for the stability constants of
the chelates vary according to the[PAR species used in the f
chemical equation. The stability constantaof several metal
complexes are shown in Table XXI. The stability constants

reported are:s’

. - [mP"] i [l(HP)z] B
I [n”] [HP‘] K: [unp*] [HP‘]

TABLE XIX, SOME PHYSICOCHEMICAL DATA FOR METAL:PAR CHELATES

-

Metal N:L Absorption pH Reference
ion, molar ratio max. nm

Cu(II) 111 520  2.3-5.0 17
1:2 510 5.0 17
1:1 517 3.2-10 21
111 19
12 19
Pb(II) 1:1 517 10 21
1 520 10 26
d 1:2 / | 19
Zn(1I) 111 10 21
1:2 " u9s 8.0 17
1:1 19
12 19




TABLE XX , pH RANGE OF PREDOMINANT N:PAR SPECIES
SOLUTION, OBSERVED IN THE PRESENT WORK.
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IN AQUEOUS

\ Specie I:I; fAbsorption pH
Molar Ratio max, nm

cuiP’ | 111 500 1.5-4.0
CuP 1s1 - 500 7.0-10
CuP,"” 112 . 500 9
poiP? 151 520 4,5
PbP ™l 520 6.0-72.5
ZnHpP*t 11 490 2.8-6,0
Zn(KPT), 12 w90 2.8-6.0
ZnP,” 12 490 8

As chelation frequently occurs at pi values lower than

those at which the two hydroxyl groups of PAR lose their

hydrogen, protons are exchanged for metal in the ortho hydroxyl

group. The species which chelates is (I), for which the

dissociation constant is unknown.

Corsini (35) took this into account and made a correction

to the values of the equilibrium constants reported in the

'litemtui‘e for the metal-PAR chelates.

o




TABLE XXI . STARILITY CONSTARTS OF SCME PAR CHELATES.
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Meta} ion log Kl log Kl** log Ko Remarks Reference
Cu(I1I) 1%.8 2.5 9.1 Potentiometry 19
water
) 16.% 4.1 8.9 Potentioretry 19
1: 1 dioxane
T11.7+ Photometry 21
’ ‘17.5 5,2 20.7  Photometry 2
Pb(1I) 12.9 h 0.59 13.7 Photometry 21 -
6.5 Photometry 25
Zn(11) 10.5 6.6 Potentiometry
water 35
12.4 0.1 -11.1 Potentiometry 35
12.6 0.3 12.7 Photometry 35

e

* The PAR épecieé considered is P~ . Thérefore:

** Corrected value by applying Corsini's correction:

£

il

et
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Corsini assured that the value obtained for the
dissociation of 11 to III was the same as the value for the
dissociation of PAR to I, and he based this assumption on the
fact that the dissociation constant of the ortho hydroxyl group
was very close to the corresponding one for PAN, therefore he
came to the conclusion that the ionization of the para hydroxyl
group had no effects on the value of the ortho PKgy -

In order to check the correctness of the chosen model at a
given pH in the present work, the following derivations were
made; considering the relationship of reactions I and II a value

<

can be obtained to prove the correctness of the assumed model. '

- [Cunpﬂ [Hf 2 e e(T) = lm’] [Hf] ees (II)
K} [m”] [H3P‘] | K [Cuﬂ] [HzP\]

[EoP][H] . |
[2577] ¢ .

Kar=

& Bl
K [8yPY] .

PKay = PKy - PK,
A a
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The literature value for pK,, is 2.66; the agreement 1is

therefore excellent and the chemical model is good.

Check on K3 and Kk in the copper-PAR system:
fowr] [s+] [ouon]
SR

kur] [i1] 5] 2]
T ] =2 ]

Bhuﬂ K =] H'JOH
] e

Ky _ [8] [rp] [cuont]
o h T T o]

k3 _ K,5
KR KK

. K2 KK,
5 X K,

pK7= l’Kaz + Pk, + PKy, - PE, - pK3
PK-] = 5.""‘8 + 1“".0 - 8.76 + 11'008 - 5\%
PK;=9.7

The literature value reported by Perrin (2%) is pK7-8.
The value 1s not knowmprecisely. The agreement is sufficiently
good to support the chemical model chosen.

/
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The procedure was the same for the lead-PAR system; the

relationship of reactions Vil, VIII and IX was considered:

el
= [pb][5,P] o
K= ‘Tiﬁ}!? (VIII)

Ry
el

[%*]

[pre] [6] (10

55 ok
K a2 ,
3 .

PKap = PKy + pK, - pKy = 5.5
' j
The value o6btained (pKh§= 5.5) is in good agreement with the

the literature reported value (pK,= 5.438).
~
By applying Corsini's suggestion the corrected values of

K reported on the literature are compared with the ones obtained
in this q,ork._“ Results are shown in Table XXI.For the zinc—PAR
systenm the values of. the equilibriur constants re;ﬁorted so far

in the literature, correspond to the formation of ZnHP and Za(HP),
chelates, uhféh takes place in the acid pH range, and was ‘not
evaluated in th%s work. ,

. |

[-28
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fracy \

o o TAFLE “XXII

- REPORTED VALUES OF M-PAR SYSTEMS IN THE LITERATURE AS
COMPARE WITH THIS WCRK.

K This work Literature Reference
i
KZB:-:”][HZP] k.08 5.1 - 23
porpH|| Bt
Kl-%}—’l—r;'—]%n[z—?]l 0.9 i 9.59 . 23
/
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<3

- Appendix I

ABSCRBAI'CE VALURS OBTAINED BY THE CCNYIKUCUS VARIATION
METHOD.
[
A) Cu-PAR system
pH 2.1 Table I
pH 8.0 Table II
pH 10.0 Table III

B) Zn~-PAR system
pH 4.0 Table IV

pE 5.0 Table V
/ pH 8.0 Table VI .
M Conc. of metal

M+P Conc. of metal & Conc. of PAR

Both concentraticns are ‘Stoichiometric values.
!

The_ nurcbers 40C, 500, 510. 520 at the heads of the
columns of absorbance values are the wavelengths in nm.
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TABLE 1 ‘ &
.
Absorbance values obtained by the Contimuous Variation

Method for copper-PAR system at pH 2.1 .
\

N
Solution /
Fumber M / M4P \ 5’00 510 | 520
) \ ) |
1 0.05 .031 .03 «03 ]
2 01 061 .062 062 *
3 0.15 .092 096 <096
R 0.20 123 129 -129
5 0.25 | 152 .16 .16 ]
6 0.30 .181 191 J191 |
7 n -0.%0 .234 2N -2V N
8 ' ' 0.5 .27 273 <273
9 * 0.60 .231 o2 .24
10 0.70 177 .187 .187
1 0,80 121 127 L .127
12 . 0.85 ' 092 095  .095
13 0.90 . .06 063  .063
14 ' 0.95 | .029 . .032 .032
T —T

[ f




TABLE 11

Absorbance values obtained by the Contimuous Variation,

Method for copper-PAR system at pH 8 .

Solution

Nupber M/ M+P 500 | 520
1 0.05 046 .03k
2 0.10 .093 .073
3 0.15 142 .11
L 0.20 .19 .148
5 0.25 236 .186
6 0.30 | .275 .227
7 0.140 .368 .305
8 0.50 409 .34k
9 0.60 o347 .282

10 0.70 256 .217
11 0.80 174 +148
12 0.85 134 .11
13 0.90 .093 075
0.95 054 .035

)
&
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TABLE III

Absorbance values obtained by the Continuous Variation
’

Method for copper-PAR system at pH 10 .

¥

Solution /

Number M/ M4+L 500 520
1 0.05 .07 .052
2 0.10 '

3 0.15
L 0.20
5 0.25
6 0.30
7 0.40
8 0.50.
9 0.60

10 0.70

ir o 0.80

12 0.85

13 0.90

14 0.95
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TABLE IV

Absorbance values obtained by the Continuous Va:qiation

Method for zinc-PAR system at pH &% .

139

Solution
M/ M+P 400 500 520
Rumber
1 0.047 «139 ~O2k .018
2 0.125 236 .06 LO45
3 0.25 427 .119 «079
l+ o. L ] ] [ J
Py 50 %09 123 081
5 0.75 208 .08 «059
6 - \ 0.875 olm od"‘é 003)"'
7 0.95 ~OM47 .019 .015




/T

TABLE V

Absorbance values obtained by the Continuous Variation

Method for zinc-PAR system at pH 5 .

%

140

Solution M/ M4P 400 500 520
Kumber
1 0.047 / .086 04 -030.
2 0.125 «209 .106 .091
3 0.25 | 2 .206 171
Py 0.50 «399 .235 «195
5 0.75 .197 »126 -104
6 0.875 .10Y 066 055
0.95 .6‘+1 027 022




-1 H
* 1

TABLE VI

Absorbance values obtained by the Continmuous Variation

Method for zinc-PAR system at pH 8 .

Solution
Nmber M/ M+P . 500 510 520
1 0.05 077 075 .053
2 0.10 -155 2139 .103
3 0.15 .227 .201 .152
k4 o.?o
5 0.25
6 0.30
7 0.40
8 0.50
9 0.60
10 0.70
n 0.80
12 0.85
13 0.90
14 0.95
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Appendix IT

ABSORBAI'CE VALUES AS A FUFNCTICY CF pH USED FCR THE

EVALUATICI! C? THE EQUILI®RIDr CCHSTAITS. ]
/

A) Cu-~PAR system
400 nm  Table I
500 nm Table IT
510 nm  Table I1I
520 nm Table IV

B) Pb-PAR system
}MQO nm Tab{e v
500 nm  Table v
- 510 nm  Table VII
520 nm  Table VIII

c) Zn-PAR gystem
4OO nm  Table X
500 nm  Table XI
510 nm JT‘able X1
520 nm  Table XIII |
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TABLE I
hbsorbance values for the evaluation of equilibrium
constants in the Cu-PAR system at 400 nm,
Solution 1 2 3 b 5 6 4
pH A A A A A A A
1.0 .102 .208 312 418
1. 5 B 009"" . 19"' ;‘\’ 0291 ‘393
2.0 L08% 167 .263 365
2.5 . 068 . 145 .21 <344
3.2 071 142 24 . 342
3.9 067 .135 .23 «327
-
4.5 .065 .119 ,215 .315 -
5.0 038" L0902 .20 .315
B [
5.5 ,028 .056 .18%° .316"
6.0 021% Jou3  L1s4 .331  .649 T ,o84 1,26
6.5 018 ,036 .,183% .3 |
7.0 016 .03s%" L1728 .339  .618 1.01
f

7.5 016 ,032 ,168 ,328

8.3 017 044 176 .3114’ .65  ,985
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TABLE I (continued)

9.0 .019 ,033 ,108 .227 .S4?  .859 1.78
10.0 .016 .034 .089 .19 .48 .823 1.19
11.0 .017 .034 . 086 .165 U726 . 813
12 / .018 .033 .086 .163
> 1
f f |
1% o = 5.2 ;
2¢ o = 5.4 |
3* pi = 5,7 |
W o= 6.3
5% p = 6.4 .
6* pH = 6.9
7 i = 8.1 |
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0 TABLE TI

Absorbance values for the evaluation of the equilibrium

constants in the Cu-PAR system at 500 nm,

a )
Solution 1 2 3 b 5 .6 7
pH A A A A ; A A A
1.0 .028 .0575 .087 117
1.5 . 043 .083 .12 .155
2.0 L069 123 | .165  .199
2.5 .o7% 14 .18 .208
3.2 | .082 159 .88 .21
3.9 .087  .172 A9s  .212
4.5 102,199 .22k .281
5.0 sttt 27 L2010 L304 ‘
5.5 - 175,333 .35 L3877
6:0 aou3% 378° 396 w09 426 452 465
6.5 194 .388 17 425
2.0 L189 389" 428 445  ks3  .476 492
7.5 .188 ,385 .31 W46 B

8.3 .98 .38 .37 477 L5055 L5425 565"




TABLE IXcontinued)

146

9.0 .196
10.0 .203
11,0 .202
12.0 .205
1* @ = 5.2

2% pi = 5,7

3* pH = 6.3
u; pi = 6.9

5* tH = 6,1
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TABLE III

/

!

_Absorbance values for the evalyation of the equilibrium \

constants in the Cu-PAR system at 510 nm .

Solution 1 2 3 b 5 6 ?
o A A A A A A A
1.0 .0171 ,0343 .os54 .07
1.5 .036 .069 ;096 124

2.0 .07 .12 .156 .181 ‘

2.5 L0788 L148  .179  .197
3.2 .086 166 .19 .203"
3.9 .091 .181 .199 ,211
4.5 J106 204  .226 237
5.0 - L," 268 ,285 295
5.5 168%% 321 .31 L3677 o
6.0 185" .3635" 396 .387 .399 .421 428
6.5 .85 .31 L3955 .uo®
7.0 A8 .37 Leos Lt k22 TR

7.5 | a8 .3 . k2

8.3 19 .36 1 Jsa27" 462,485 . 509




TABLE: 11I (continued)

148

P
9.0 .19 379 1,516,551 .577 .598
10,0 197 .388 481 548 604 ,633 ,662
11.0 .196 .383 .48 .54 .621  ,653 .686
12,0 196 .39 488  ,568

1+ = 5.2

2% pi , 5.6

3* pl = 5,7 <

b* pii = 6,3

5 @i = 6.1 /

6 ph = 6.4

7 pi = 8.1
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o ' TABLE IV

Absorbance values for the evaluation of the equilibrium

constants in the Cu-PAR system at 520 nm,

Solution 1 2 3 L 5 6 7
p A A A [1 A A ‘A A
1
1.0 . 008 ,022 .033 .0l5
1.5 .032 .058 .083 104 /
2.0 . 069 .118 .148 .168
2.5 .078 147 \.175 .185
3.2 .086 .167 .,186 .193
\ 3.9 089 .177 ,191 .199
4.5 _ 098 104 211 «217
5.0 .1281T 237 .249 256
5.5 A .27 .2782% L3067
| | 6.0 5™ 208 31 318 .33 M2 .3
6.5 152,305 ,3255%.33
.20 49 .308%% 33 343 386 .37 .37
® 7.5 | 169 304 338 .348

A

\ 8.3 A55 308 337 3537 37 L395 LMo

s
!
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TABLE IV (continued)

3

i
4
[1]

9.0 155 .312 .39 h25 455 476 .677
10,0 164 322 404 455  ,505 ,523 535
11,0 ,162 . ,322 40 L66 .515 ,sh42 L 562
iz.o 64,323 L4060 471
\

1* pH = 5,2

kN
2% pH = 5.4
3* pH = 5.7
b pi = 6,3

Al \
5* pH = 6,4

B ‘n X

6* pH = 6.9
7* i = 8,1
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TABLE V

td

Absorbance values for the evaluation of the equilibrium
" constants in the Pb~PAR system at 400 nm.

8olution 1l 2 . 3 L
pH A A A A
3.0 .099 .20 .302 401
4,0 .093 .189 .285 .38
5,0 002t% ,1062* L2098 401
5.6 092 4 .20 ¢319 438
6.0 0813* L8 L3 462
6.5 .06 .168 .295 N
7.0 Jo427* .129 .258 2
7.5 .032 a1 .25 42
8.0 .02k .09 .236 40
9.0 .027 112 .26 .39
10.0 .022 .09’ -248 .34
11,0 .029 107 .23
12,0 - 043 .12  .219
1% pH - 5.2 s pH - 6.2 y

2% pH = 501 5‘ pH - 7.1
3% pH = 6.1




- TABLE VI

Absorbance values for the evaluation of the Equilibrium

AN

constants in the Pb-PAR system at 500 nm.

/

rd

Solution A | 2 3 L
pH A A A A
3.0 .022 -Ol5 067 090
4.0 .019 o .061 .082
5.0 ou3l* 072t .092 112
546 _ <05k 09t .12 .138
| 6.0 .0883* R1 e .1763" .189
6.6 .118 17 .225 .248
. 740 1415* .2325% 278 294
7.5 © .53 0265 5 U .327
8,0 165 ~298 .33 o 344
8.8 .165 o 312 .33
- 10.0 .168 .29} 334 »358
11.0 SRS Y 295 .35 .38
11.8 246 .273 .Zss A3 S
; 1% pH - 5.2 4 pH = 6.2
H 2% pH - 5,1 5% pH ~ 7.1
o | 3% pH - 6.1 | ~




TABLE VII
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Absorbance values for the evaluation of the equilibrium

constants in the Pb-PAR gyster at 510 nm,.

l

L]

Solution 1 2 3 y
pH A A A A
3.0 .013 .026 O .053
4.0 Ol L031 Jous .06
5.0 ot* .066%* .085 .10
5.6 054 094 117 131
6.0 083 L 82 19 ~
6.5 .117 L2178 .238 ,257
7.0 a5 246 .296 .308
745 17 .282 .33k 348
8.0 177 .318 351 .365
9.0 176 29 .33 .35

10.0 177 306 353 .368
11,0 L am .30 o345 +386
12,0 o146 273 »323 M2
1% pH - 5,2 " pH - 6,2
2% pH - 5,1 5¢ pH - 7.1

3s PH = 6.1




TABLE VIII
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Absorbance values for the evaluation of the equilibrium

constants in the Pb-PAR system at 520 nm,

-

2¢ pH - 6.2

Solution 1 2 - 3 L
pH A A A A
3.0 . 007 01l 2022 .029
4.0 .01 022 .032 042
5.0 037 060 075 .088

5.6 .052 .087 .109 2121
6.0 o8t 2177 .19
6.5 119 176 0232 253
7.0 15 o245 293 306
7.5 A7 .28 o332 o345
8.0 176 315 .35 o364
9.0 .196 201 .32 345
10.0 0175 .31 .35 .361 -
11.0 173 308 s +369
12,0 137 253 0323 .38
1* pH -~ 6.1
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TABLE IX

. /
Absorbance values for the evaluation of the equilibrium

constants in the Pb-PAR system for a M: L ratio 100; 1.

Absorbance LO0 500 510 . 520
pH nm nm nm nm
3,0 .187 067 052 .01
3.5 .16 097 092 .082
%05 °  .137 129 .129 121
4.5 129 Al 142 .136
5.0 JA22 153 15% 148
5.7. 113 - .8 A8, 178 .

v
‘
. T
]
)
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TABLE X

Absorbance values for the evaluation of the equilibrium

constants in the Zn-PAR system at 40O nm.

golution 1 2 3 1
pH A A A A
3.0 .101 202, 4303 403
4.0 ..098 .197 204 .391
4.5 .106 213 3181% 3l
5,0 .106 213 321 428
5,5 an ,225 334 452
6.2 .092 199 .37 3
6.7 .067, 158%% Loy .3823%
7.0 093 0122 / . 20% «305%
7.5 OUly «085 T 249
8.0 .03Y% 065 | 417 .20
9.0 .028 06 | .092 - .64
10,0 .02, .05 .087 .168
11.0 027 .058 09" .162 )
12.0 .03 «061 O 139
1% pH - 4.6
2% pH » 6.5 -

3 PE -~ 666
[




TABLE X1

Aﬁasorbance values for the evaluation of the equilibrium

constants in the Zn-PAR system at 500 nm,

Solution 1 2 3 4
pH A A A A
3.0 022 . OU6 069 +094
4,0 .019 040 .061 .082
4.5 - .026 .052 .078 .106
5.0 034 .067 097 .128
5.5 053 ' .095 .128 175
6.0 .1031* A751% 323 -
6.5 .1432* o244 .3383* .385%*
7.0 .167 308 M22 517
7.5 .181 +363 A87 «603
8.0 A9 . ,385 .588 .72
9.0 0197 39 .585 718

10.0 .19 388 582 715

11.0 o194 .39 .581 718

12,0 A9l 387 .58 756
1% pH - 6.2 3% pH - 6.65

2% pH - 6.7 ks pH -~ 6.6
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TABLE X11

Absorbance values for the eyaluation of the equilibrium
constants in the Zn-PAR system at 510 nm.

Solution 1 2
pH A A
3.0 013 .027
4,0 01k .027
4.5 [ .02 042
5.0 .07 .06
5.5 06 .082
6.2 .089 2152
6.7 .123 .21
7.0 A6 «268
7.5 o154 «307
8.0 A7 .338
9.0 A7 o3k

10.0 «165 »337

11.0 R - .338

~-12.0 / .168 «337
1+ pH - 4.6

2% pH ~ 6.5

3s pﬂ - 6.6 5 |
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TABLE XI11

Absorbance values for the evaluation of the equilibrium
constante in the Zn-PAR system at 520 nm,

Solution 1 2 3 Y
pH A A A A
3.0 .005 o .022 .03
4.0 - .008 .018 .027 .037
4.5 .015 .03 Joust* .061*
5.0 .023 SOl .063 .081
5.5 .035 -0l »086 .118
6.2 L «062 .112 .15 172
6.7 .088 a2t 209 .2453*
7.0 <096 -18% 0262 329
75 10 «208 " 0292 .368
8,0 .108 .228 338 e
9.0 116 233 359 My

10.0 124 .252 37 458
11.0 128 -255 .377 458
12.0 132 254 373 M89 4
1* pH - 4.6 |

2% P - 6.5 /

3* pH.~ 6.6
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Appendix III

Data for the construction of the Distribution Diagram
of lead as a function of pH.

-

The species to consider in water solutions (30) in /

/

++4
addition to Pb are: J

+ -2 b+ L
PbOH "™ , 1>b3(o!51),+ ’ Pbu(on)u f Pb6(oa)8 o

| P(OH), ,  PH(OH) .

2+ L4 4 Y4
| The species Pb3(°mu o l’bu(mbu , and 11“1'»6(011)8 can
be neglected at low concentrations of Pb** as can be seen
from the equilibrium constants reported by 0lin (27).

Therefore, the only species of interest are:

1) pp*+
2) pooH *
3) m»(om2

i) Pb(OH)3 | 4 \

/! ]

1
sL.

The equilibria ares

1) pptt 4+ H,0 = poot 4 Ht 3”21.6:;10-“8

10‘3" d "708 y

Py
2) pptt s 208 = ’2‘9"’2 ‘ pz =2,2 x 1010

: - ‘/ log B, = 10.34
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@
\

/
+ 304" = Pp(ow),” —  By= 2.x10Y
log P3 = 13.29

’Lot,i Poy = [pb""]-r[mw]a,[;b(on)z}[yb(ou)}-l
L b Bed | ool | ]
Py Pop Pby Py

/13%4'“1#‘24"3

3) p*t

et i i e ot A

S o o T T T A G e T TN TR R

. o
—_— ] + -2 8 Y

% % % )

1 ' _.2 3
o " 2 4-—[,#}- + pz(mi/) + | 85 (0H)
.

{ . 2
——= 1 + 16x10% (oH) + 2.2x101 (on)
° )

+ 2 x 108 (0!()3

/ o
‘ j

 %he values at different tH valuss are calculated and '
' tabulated in Table I and in the graph Pig. 12 (page 90).
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Dicltribution val

TABLE 1

ues of lead speciesasa function of pH

S

poH W ay e ) e
14,0 0 1.00 0 0 0
10.0 4,0 1.0 "o 0 0
9.0 5.0 0.998  0.002 0 o
8.8 5,2 0.998 0,002 0 0
8.6 5.4 0,996 0,004 0 0
8.4 5.6 0.99 0.006 0 0
8.2 5.8 0.990 0,010 0 o
8.0 6.0 0,983 0,016 0 0
7.5 6.5 0.952 0,048 0 0
2.0 7.0 0.863 0,136 0 o
6.9 7.1 0.8% 0,166 0 0
6.8 7.2 0.800 0,200 0 0.
6.6 7.4 0.715 0,284 0,001 0
6.4 7.6 0.613  0.385 0,002 0
6.2 7.8 0.499 0,497 0,004 0
6.0 8.0 0.38 0,607 0,008 0
5.8 8.2 0.281 0,704 0.015 0
5.6 8.4 0.196 0,777 0,027 0
5.k 8.6  0.31 0,623 0,045 0
5.0 9.0 0,053 0,831 0.115 0.001'
k,6 9.4 0,018 0,724 0,252 0,006
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- PABLE I (continued) ’
[ .
F ‘ *poH Mo e, o ) %
I
b,2 9.8  0.005 0,517 0.452 0.025
\ 3.9 10.{ ooz 0.30 0,593  0.066 \
/ 3.5 / 10,5.750 0.151 0,663  0.185
3.0 0 0 03037 0,512 0.451
2.6 11.4 0 0. 009 0,308 0,683
2,0 12,0 o0 - 0.001 0,102 0.897
1,0 13,0 0 0 0.011 0,989
) \
% 1 1
h 4
! \
t
‘ | /' e T , - . :
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1)

2)

3)
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CLAIMS TO ORIGINAL RESEARCH

A new method has been developed for the quantitative

analysis of mixtures of copper, lead, and zinec at

trace level in aqueous solution.

Trace amounts 6! copper can be determined in the presence

of large amounts of lead and zinec,

The following systems were studied as * function of pH

Cu=PAR
Pb=PAR
5 Zn=PAR

and the oqui%ibriun constants for the following reactions

were ovuluntod{

“outt HyP

owtp* + 2 y*

cuwtp* + ¥*

cup + u* ‘

CuP * /
our,” + ¥*

cup,” | /
popt + y*

PP+ H* .




e

«

/

't + HPT =
Zﬂ(0“)2+HP- -

+LHP’ =

ZnOHP~

N
.
/
1
i
.
1
/
4 »
’
:
!
3
oo
-}L‘
\ ¥
-
p
s
“ ¢ /o
L3
B .
.
.
. H
7 . L
s i*;w - .
108 A t
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i L
-y
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BUGGESTIONS POR FURTHER WORK

\
This has been an exploratory study to understand the

behaviour of the metal-PAR systems in aqueous media as a
function of pH. A further and more dstailed study should be
made to have a complete explanation of the system at every

PH, 1t is suggested that:

1) More points be obtained with high accuracy for the
{ pH-absorbance graphs, ip order to be abls to describe
each system more exactly and more completsly.

2) The behaviour of the system In-PAR in the pi
. range 5-7 be explained and the precipitate identified.

3) The equilibrium constants for the system Zn-#AR
be svaluated for the reactions involved at values

belovw 8.

4) The species be identified and the equilibrium
constants evaluated for the Pb~PAR system at pi values
above 8.
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