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A BSTRACT 

An.. analytlcal method .al developed tOI" the 

quanti tativi analyail ot mixture'l ot oO'Pptr, lead, Jnd lino in 

~ aqu,oui lolution in traoe l.vel~io-S - 10.6 .). Th •• ethod 

conallt. in thl U~I ot a ohe latine aclnt 4-(2-pyridtlalo)­

relorainol (abbrevla;ad PAR) al titwant ln a I~ctro~hotometrlc 

, / 

dlt.ra1nat1on. 

Baoh onl of thl ay.teme. 

COJ)per-PA~ 

11nc..,AR , 

Ltad-~AR 
.al ltudl.d .eparatlly, Thl compolltlon and ltabi11~y ot thl 

chllate. ln 101utlon,.11'I atudild aplctrophotometr1cally, The 

dltt.rent lpeol ••• Ire ldentltlld'by the ~ont1nuouevar1at10\ 

.Ithod and thl Moli-Ratio .ethod, Thl lubili ty oonl,tante 
\ 

.Ire 'evaluatld fy an analyal1 of pH-ab.orbance ourv •• obtalnld 

rro •• olutlon. containlng dlftetlnt .Italallgand ratloe, ov.r 

a ranci ot pH valul., 
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R!SUMa 

On ,a ni. au ~olnt une méthode analytique" pour d~.er 
le, trac •• (10·' • 10-6 M) d, .'taux dan. une aolution 

aqulu •• contlnant un m'lanc' de cuivrl, plo~b (11), .t 

lino. On dOle le m'lanCI m4tallique ~r unI .olution 

~4talon de 4-\2.Pyr1dYl •• o)-ri,o~Cinol (PAR). On déteot. 1. 

~oint f1nal par me,url .~eotrophotom'trique •. 

t.e ,yat'me. auiv.nta ont 'té étudié •• épa~ment •• 

Cuivre-PAR 
Zinc-PAR 
Plomb-PAR 

L •• ' oomplexe. "fotmé. It l.ur .~bi11t'. ont été étudié. , . 
par mesure •• pectro~hotom'trlqu.,. On a identif1' 1 •• 

•• p'oe. ohim1quel de ohacun de. 'Ylt'm •• par la méthode 

4e. variation. oontinu.. et par la méthode de. rapport • 

• olaire.. L •• oon.tant •• d'lqul1ibre, ont 'té 'valu'e. 

l ~art1r d" courb •• d'ab,orbano •• -pK obtlnue. ~our divers 

rapport. m'tale 111&nd l,d1fférent, pH. 
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l INTRODUCTION 

Chelattng agents huve boon widely usad QS titr~nts 

in spectrophotornetric deterr.inDtions of matal tracos; the 

titrant wus in a non-aqueous ~ediu~ (1) or an aqueous 

solution as w1th EDTA (2, 3). 

The study of the 2-pyridylazo reagents showed that 

sorne 0f these compounds are &nong the most sensitive ones 

reported 50 far for the spcctrophotometric determination 

of certain meta1s. In 19;; Cheng and Bray (4) introduced 

1-(2-pyridylazo)-2-nnphthol (abbreviated PAN), as a 

meta,1lochromic ind1oator in EnTA titrntions. Netal-PAr~ 

corr:ploxes ha.ve low 501ubi11 ty in water ,- a.nd as a result 

organic and rixed s~lvents are required. Because of this 

,and the faet that certain rretal-PAN couplaxes ~eact sl~wly 

with EDTA, the use of this rengent in direct EDTA t1trat1ons 
. ~ 

18 11mited. In addition to its use as a corrploxorr.etr1c ... 
1ndicator, PAN was &150 used as a spectrophotorretr1c 

reagent. H~wever, s1noo Most of the PAN chelntes are 

insoluble in wntor, this application 1s gonerally assoéiatad 

vith solvent-extraction ~ethods. Wàter-solub1e pyr1dyla,zo 

derivat1ves are pre~3red hy addine sulfon10 ncid subst1tuonts 
} 

, , 
to the pyridylazo substrate, or by replacing the naphthol 

group of PAN with resorcinol, ~rcinol, or chrornotrop10 ac1d. 
\ ' 

Spocto'PhotC"r.-etric and oo!"".plcxN!':etric deterr..lnations can 
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" 

then be carrled out in nqueous solution with those wnter­

solu\)le darivatives. 

2 

Ill' 19~ 'the use or 4-(2-pyridylnzo)-reso-:-cinol 

(abbrevinted PAR) {was recomrr.ended b~ Wehber (5) because its 

solubjllty Qnd that of lts f',etnl chelates in water are higher 
• 

than the s~lubiJlty of PAN anrl 1ts metal derlvativcs in 
1 

wnter. Furthermore, in tho spectrophoto~etr1c titrat10ns the 

use of PAR gave sharper end points._ 

0 0 1 -

~N N:N \. N N=N" OH 

.HO H.O 

.. 
PAN PAR 

Pyridylazo cOmpounds have high rrolar absorpt1v1ties 

,,'&.king their spectrophotometric detect10n hlghly sensj tl ve. 

However, due' ~~ the s1rnilarities in the spect~a·of the 
1 .. 

difterent :'otal chelates, the selectivj ty 1s low, which makes 

mixtures of metals d1tr1eult to analyse directiy_ Several 

techniques have baen developld~ to mnke the detor~lnntion 

of a ~etQl in a ~ixture of ~etals possible, namely (~) 1 

1) -. - pH con trol 
\ 

Il).- selective naskjng or del'D.sking or re.tals or grou'D or 

metals. 
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III) .... back-wnshil'~g of nn org.o.n' c extract \IIi ~h a solution 
~. \ 

of nn ac1~ or c~~plexlng agent. . , 

IV). - selQ,~t1on of sol ve~t. -, 

V).- ~elect1on of wnvelongth for phot~rr.etr1c deterrrinatAon. 

VI). - ut11izat1on or dirferent rates of con,ple:-cat1nn. 

VII).- change of' oxidation state of the metal. 

VIII).- utiliznt10n of exchanr.e reQcti~ns of the 

Cu(II)-EDTA-PAN system. 
\' 

IX).- extraction of the uetnl into a~ organ1c phase. 
1 

In the prosent study, the titration of metal 1nns 

usine PA~ as a titrant wus studied at different hydrogen- ~ 

ion conoentrat1on~. PAR forros vith metal ions water-soJuble 

intensely colored (commonly ~ed or red-orange) co~plexes, 
- 4 

most of wh1ch have an absorptivity luger than 10 at the 

max1mum of absorption. Ions giving a color reaction with PAR 

are shown ~ Table l (~). The raactlvlty 9f PAR with metnls 
/ . 

1s ~reater thNl that of PAN vi t.h the SarDe matals. It is 
, 

renorted to be th&,most sensitive rellgqnt for cobAl t. and 

the ~ost sensltiv~ ,wà'~r-soluble reagent for uranium (5). 

PAR has been used so lar as 8. snectronhotometrlc 
1 

rangont to determ~ne the concentration of single metals 

after a nrevious separation trom int~rterin~ ions (6,7). 

lwamoto (8) has used a soectroohotometric titration for the 

determinntion of conper vith PAn. A copper solution in an 
• 

.. 
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A 1 B 

l 2 31 '+ ~ 6 '} 8 / l 2 3 '+ ~ 6 '} 8 
~ 

2 Li Be 1 B C N 0 F Ne . 
Na~ 

- (Al S1 P • 
3 S Cl A 

-~ Ca Sc 'ri V Cr ~:n Fe Co Ni CU 1.n Ge. Ge As Se Br Kr 

~ 8b ~ Y 1.r Nb ~~o Tc nu Rh Pd Ag Cd ln '!:I~ To 1 Xe 

6 Cs Ba ta. Hf Ta W Re Os Ir Pt Au Hg Tl Pb Bi Po At Rn 

') _ Fr Ra. Ac 

Lanthanide 
series 

Act1n1de 
series 

La Ce Pr Nd P~ Sm FU Gd Tb Dy Ho F.r Tm Yb Lu 

'~ThrPslU 

1 

Nn Pu Am Cm Bk crl 

" 
" 

acetate-burfered me8ium WBS titrated against standard PJL~ 

solution. A sharp ~nrlect10n in the t1tration curve was 

obtained. The rr.ethod does not require a calibration curvo ' 
• and it can ba applied to other mataIs. 

In this york the determ~nation of the concentrntion 

or copp~ead and-zinc &lone 1n solution, and in the . " 

presence of each other vas studied. In the method proposed . 
hare, selectivltl' vas improved by pH control & bydrogen ions 

1 

r • 

\ . 
- , , 
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çompete vith the metnl ion for comb1nntlon vith PAR. 

Consoquently the h1gher the stability of a matal complex, 

the lover the pH at whioh it onn be determlned. 

\ ' 

j, 

f 

• 
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II STATEHENT' OF TliE PROBLEM AND PLAN OF RESEARCH 

! 

The purpose of the prese~t investigation vas to examine 

the possibility of using n water-soluble matallochromic 

indicator as n volumetric reagent for the spectrophotometric 

titration of cations in nqueous media. The procedure used 

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

Thé dye 4-(2-pyridylazo)-resorcinol was sele,cted and 
1 

used as titrnnt for the determination of copper, lead, and 

zinc alone and in the presence of each other. In the study 
\ 
\ 

of a matal-dye system the identification of the different 

participating species as a function of pH, the calculat~on 

of the stability constants for the reaction involved, nnd the 

optimwn conditions for the titrationS'needed to be 

1 

. Spectrophotometrlc data vere used in order to achieve 

the proposed goal. In a first stepo the species present nt the 

dirferent pH values vere postulated tram the analysis of'the 
\ 

pH-absorbance curves. Once n given species was proposed tts 

;\ existence vas proved by the Continuous Variation method and 
! 

the l-Sole-Ratio method. 'l'he speed at which the different 
1 

species came to equillbrium W3S stud1ed and the stab1lity 

c6nstant of the '~oactions taking place vas determined.! 
l 

It vas also proposed to predlct tho tiJration graphs 
~ 

1 

\ 



1 
il of the differen~ metnls,from the pertinent equil1brium data 

as vell as the optimum conditions for the determinntion<"Of' 1 
the mixture of matals. 

1 

1 

\ 

• 

" 
1 

1 
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( .. 

\~ 
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III GID-'ERAL APPROACH TO THE PROBl.BN 
\ 

111-1-1 l DZt!TI FI CATI ut; CF THE SPECIES \ 

1.1 Intronuction. 1 

lt wns one of the alrrs of the present research to /. 
\ 

explnin nnd predict the titrntions curves for the 

spcctrophotometric determination of certain metnls contnined 

in nn aqueous solution. In order to achieve this goal, It 
i 

was necessnry to ,dentlfy the different species present at 

8 

all pH values, as weIl as to determlne the equ1l1br1um constant 

relating thœ species one to ench other. Thus, n detailed 

study of the rcnction of threo ~etals, namely copper, zinc 

anrl lend, , ... lth· 4-(2-pyr1dylazo)-resorc1nol (PA:l), wns 

undcrtQk~n nt severul pH values. The renctions wère stunied by 

spectrophotometrlc tochl11ques e. r.. the Continuous Varia. tion 

lo:athod, the l-lole-Ra. t10 r-:ethod and by the analysis of 

pH-absorbance curvcs. 

1.2 The tethod of Continuous Variations. 

In the mcthod of Continuous V3ri3tions developed by Job 

(10), the sum of the concentl'ntlono of the renctants(CT_C1 + Ct) 
, 

is kapt constant, \.mile thoir ~ntio (Ct,lCt) is varied. A 

ser1as of solutions is thus prep~red. The ~bsorbances of the 

solutions nre read at n few chosen wavelengths. The grnph of th~ 

absorbance vs compos~tion of the solution 1s called a Job plot 
1 { 

\ ! 
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1 

\ 1 
1 '9 

at the chosen wavalength,. Thase graphs exhibit two straight 

lino portions intersocting at 4 point corresponding ta tho 

composition of the product obtnined trom tho rOQction. If 

more thnn one product are present, the plot dovl~tes from 

the simp~e ratios. 

In the p~~~ent work, the total amount of react~ts'·CT l 

WllS llpproximately.'10-; M. For highor Hot actlvities (pH- ;), CT 
----- • was twica the amount at lov H activi ties (pH = 8). This vas 

necessary because of the lov absorbance of the solutiôn at 

lov pH. The plots vere made at 400, ;00, 510, ;20 nm wavo­

lengths. At pH greater than 8, the wavelengths selected vere 

such that the absorbance due to the ligand PAR could be 

neglectod. 

1.3 The Molo-Ratio Method (11). 

/ 

This graphical method of analysis gives the ~olar ratio 

in which two reactants combine to form a compound. In this 

method, the concentration of one of th~ re~ctants is kept 

constant while the ~oncentration of the second réac tant is 

gradu411Y increased by stepwise additions. Any unique property 
1 

of the concentration ot one of the reactants or of the 

compound producod will increase until the stoich1ometrlc ratio , 
\ 

1s reached, after whlch it remains constant. 
----

For the reuctlon: 

liN • nR 

. , , 
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o 1 the method allows the determil'lat1on of the ratio min. When M 
1 

1s ~pt constant and N grndually 'increased, we have that the 
1 

maximum concentration of pro~uct ~Nn after nny addition ON of 

N 1s g1ven bya 

t'rani whi ch : 
•••••••• (1) 

, 
\, 

when the property measured 1s the absorption of light by the 

compound tormed 1-1mNn , we have for a cel1 of unit lightpa th: 

A=r aC 

where A\ is the absorbance, 'a' the absorptivity of HmHn and C 

is the concentration of absorb1ng species. Theretore: 

•••••••• (2) 

'.1f'we mult1ply both sides of equation (2) by eqyat10n (1), va 

obta1n: 

" or: 

t~~1 (~~) = (a)(l!n) 

dA = e./n ' 
~ 

,; 

•••••.•• (3) 

~obsequontly, a graph of the mensured absorbance ~ersus the 

concentration of added N should be a straight line having a 

slope equal to tJ./n • The kno,,,ledge of the absorptivl ty allows 

\ 

\ 



• 

\ 
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\ 

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

~ ·prodticed. Slmilarly, holding N constant while addlng M, ( 

allows one to ev~1uate the other coefficient m. 

\ 
~en tr:f"l's not too large (_200 or balow) so that the 

" 

species at equl1ibrium are a11 present in measurable 

coneentrations it can be readi1y evaluated. We can writez 

c --
and log Kf-,log C - m log [Hl - n log [N] ••••• (lt-) 

sinCG A .. aC proviJed M and N do not abs,orb at the .uso 

chosen wavelength . 

log A - log C + log a .• • • • • (5) 

substitution of (5) in (4) gives after renrrangement: 

log A=log Kt + log a ... m 10g~] .. n 10g[N] ••••• (6) 

if one of the reactants, say M is kept constant, three terms 

çn the right part of equatlon (6) are constant. Then a plot 

of log A vs log [N] will be a stralght line vith slope equal to 

n. However, [N] 1s not know but in the I1mlting condition as 

[N] added 1s equal to zero, e(tuation (6) applies i.e. 

I1m (d' lO~ A ) 
N 0 d N '= n ••••• (7) 

- ~og M ête 

the I1mltlng slope gives the ~ue of n. S1milarly, 1f N 1s 

kept constant, va can calculate m • 

-
1 • 



• 

1 

In the present work, sories of solu,tions eontaining . 

lA kno~ fixQd amount of meta1 (1 x lO-~ N) (oopper; 1ead or 
, 0 

12 

zinc) and v~rying nmounts of 4-(2-pyridy1azo)-resorcinol were 
• 

prepnred. The ligand wns added to cover a ligand to meta1 

ratio vnrying from 0.1 to 4 and so~et1mes from ~.l to 6 . The 

al')sorhance of tho complcx formed was l'end nt 500 o.nd ;20 nm. 

At those ,~ve1engths the co~pJex ahsorbs strongl~ and the 

reactants oontribute very',11ttle to the absorbance at pH '\ 9. 1 

values b$16w 11. The nnnlysis of the data obtained permitted 

an evnluation 'of the equilihrium constant Kf • 

'" 111-1-2 DETEi"U'lNATION OF EQUILIB:nUM CQt:STANTS. 

2.1 Introduction. 

The equilihrium constants wero detcrmined mostly by a 
\ 

-
numerical o.nnlysis of the plJ-n.bsorbance curves. In sorne" cases 

the l,'ole-Ratio method described previ~uSly \'iflS usod and the 

values obtnined compared with the ones Qvnlu~ted !Tom the 

p~-absorbnnco graphs. 

1 2.2 pli-D..bsorb~nce curves. , 

It has been der.onstrated by Soir.l\'Ier and c~workers (12) 
• 

that spectrophotometric procedures bnsed on linear extrn­

pol~tiTon onn l:'e usod 'to study the corrplex equilihrium of 

'" ~tems bnsed' on compounds of the typo of r AR. The mcthod 

involvc~ a dotuiled algebraic study of the eq'dli brio. of the 
~ oJ '; 

'\ 
rea.gcnts ~) 

\ 

. 1 

/ 

/ 
,/ 

/ 
/ 
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First the chelate reaction and tho spccies form~d ovcr 

n pnrticulnr pH range are postu1ated, then a series of 1ineor 

nl~ebraic transfor~ations are derived usine the equilibria 

data from the reagent. Experi~entnl values of o.bsorbance and 

pH are introduccd into these,equations, which then provide 
. " 

values of the equilibrium constants. Typicnlly these 

trnnsforrrations are strnight 1ines and fa1se o.ssurrptions are 

rendily detected by the presence of curvature or random 

scatter ,,,han experimental valuos are substi tuted into the 

transforrrations. 

Given thut the rrethod is basad on extrapolation it is 

very sensitive to tne choice of points used for calculations. 

If the points used correspond to one end of the part of the 

pH-absorbance curve used for the o.nalysis, the assurr.ption 

that one species 1s of negligib1e concentration compared with 

the others becomes less valide 

111-2 EXPER1l.Er-;TAL 

2-1 Apparntus for Spectrophotoffietr1c Titrations. 

2-10. Beclr..mo.n l-.odel D. U. SpectrophotoIDe ter. 

The o.pparatus used to mnke the titrations has been 

previously described (9); it consists of a Beckman l·:odel D.U. 

~pectrophotometer which can accomodate a rectangular 65-ml 
, 

glass celle The cell co~partment was flanked by two 

----_._------------------- ... 
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rectangular copper tanks through which constant temperature 

water could be circulated. A l in. x 1/8 in. di sc of silicone 

elastorrer was countersunk in the removable lid of the cell 

co~partrnent and provided the entrance for the microburet to 

the celle 

A calibrated I-ml Koch microburet with a 60-ml 

reserv01r adapted with a platinum-rhodium hypoàermic needle 

(2 in. lone and 28 standard gauge bore) wns used for the 

delivery of titrant to the cell (a glass cell of 65-ml 

èapacity, 54 mm long by 30 mm wide, by 55 mm deep. The path 

length of the cell was 5 cm.). The hypodermic needle wns 

inserted through the silicone disc 1n the lid of the cell 

housing 50 that the tip of the needle was below the surface 
( , 

of the'solution for titration. The solution was stirred 

during t1trations by the use of a rrlagnetic,'stirrer placed 

under the cel1 corr.partuent. A ~rlon-coated m1cro-st1rring 

bar was inserted in the 65-ml celle 

2-1 b Beckrr:an J.'odel D. B. Spectrophotometer. 

A double beaI'!'l spectrophotometer Beckman }l,odel D.B. 

using l-cm and 4-cm colIs was also used. It was coupled to a 

Sarg'ent l<odel SRLG recorder capable of recording absorbance 

direct1y. Constant-temperature water from a water bath could 

be c1rcuJated in the ce Il compartment. 

2-1c Unicarr. SP-5CO t-:anual Spectrophotorreter. 
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A Unicam SP-500 manua1 spect~photometer was usod with 

l-cm or IO-cm cells. Constnnt-ter.perature v.rater frcnl II 

wnter bllth coulà be circulnted in the cell compartment. 

Wi th the °first t"l0 spectrophotometers mpntloneq, the 
-

end points obtained for the titrations vere precise; 'for 

exact absorbance readings and for the measurements of the 

molar absorptivities reported, the Unic~ SP-500 was used 

exclusively. 
1 \ . 

2.2 Thermostat. 

Sargant-Welch thermostatic water bath (eat.No. 5-84880) 

wns used for external circulation of water. It controls the 

temperature to O.loC. 

2.3 Beckman Zeromatic 11. pH meter. 

_ The pH meter 'lsed for 'OH adjustment was provided wi th 

a ~lass electrode (Beckman No 404q~) rcsponding until pH 14. 

2.l.t- Glassware. 

1 Red low-actinie glass 50-ml volumetrie flasks vere used 
JI 

for the zinc-PAR chelate , because this compound 1s light 

sensitive. 

\ 
Due to the fact that the concentration of the metal 

chelates vas very low, special care had to be taken in the 

cleaning of glassware lllatériai. Tbe glassvara wa. wa& 

/ 
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norrnally (laborntory detergont), rinsed severnl times with 

dlstilled water, and then filled with a snturated solution 

of E.D.T.A. in water. This solution was left in the glass-
1 

16 

wnre for nt least 20 ~inutes, after which the glassware was 

washed several times with distilled wntcr, and then filled 
"'-with deioni~ed water and left overnight, after that it was 

emptied and(dried in an oven at 110°C. 
) 

2. 5 Reàê~ents. 

2 • ,.1 Etho.nol. 

Absolutc ethyl alcohol, U.S.P. (The consolidated Co.) 

vas used without further purification. 

2.,.2 Standard }\!etal Solutions. 

Accurate metal solutions ~re required to evaluate the 

precision and aeeuraey of the method studied. The standard 

metal solutions were prepared trom a weighed amount of a 
• 1 

reagent-grade met~l into a lOO-ffil beaker, the metal was 

dissolved in 1:1 nitrie acid, quantitatively transfered to a 
1 

l-liter volumetrie· fiask with deit)nfsed water, and made up te 
.. 2 

the mark. Thesc stock standard solutions (10 M) ~re kept 

in glass flasks,sea1eF vith Teflon tape •. Ddlute solutions (10-4 

101) were prepare~ t'resh every day. 7he ~tock solutions vere 

standard'ized ao.inst standnrd B.D.T.A. solution. 

2. ;.3 water. 
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Ion-exchanged wa~~d exclusive1y in this york. 
------------Disti11ed water was passed through a Barnstead u1trapure 

r 

(mixed bed) co1umn (Cat. No D8902). 
\ 

2.~.4 Sodium Hydroxide, Fisher electro1ytic pellets. 

When large amounts of this reagent-grade sodium 

hydroxide vere used to adjust the pH, a b1ank solution of 1 

PAR vith the sodium hydroxide in some cases showed impurities. 

Therefore the reagent vas purified before use by an ion­

exchange column AGA-542 (13). After regenerating the 

ion-exchange co1umn vith 1 N sodium hydroxide solution, the 

colu~n wns washed vith distilled deionized water until no 

hydroxy1 or chloride ions were coming out of the column. Then 
1 é". 

a 0.1 N sodium chloride solution! w!j passed through the column 

to produce a pure, approximatel~:l N sodium hydroxide 

solution. 

The reagents and buffers used in the present work are 

given in Tables II and III. 



'" 
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Reagèfit' Source 

Tria(h~~roxym.thy1) Piaher 
Amlnomrthane. 
certitled prlmary 
."andarcl 

Sodium Borate Fisher 
Analyt1cal Reagant 

Ammon1um Chloride 
Analytlcal Reagent 

McArthur 
Chemical Co. Ltd. 

Ammonium Hydroxlde Anachamia 
Analytical Reagent _ 

Potaillum Ph08phate Plshar 
Analytlcal Reagent 

~D.T.A.. Àmerlcan 
Ana1ytlcal Reagent Che~ica1e 

Zinc Metal 
99.9 " pure 

---
" 

Analar 

,l 'f' ~ ~ 
.""'~~ 

TABLE II 

REAGENTS 

Form tor use 

0.1 M in water 

0.025 M in .ater 

crystale 

28.0-)0.0 ~ 

0.05 M in water 

0.05 M ln water , 

1.02 x 10-2 M 

. ~ 
"c..... .. ----

-
use 

Butter preparation 

Butter preparatio~ 

Butter preparation 

, 
Butfer preparation 

Butfer preparation 

-Titrant for metala, 
standardized agalnst 
Zn metal, .1th Erio-, 
chrome black T ae 
indicator. 

Standard metal 801n. 

Î • 

.... 
Q) 

, 

l 

." 

; 
:+, 
-r 

, 

J 

. -

t~ 
-~; 

" 
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TABLE II (continued) 

REAGENTS ---

Re.gent Source Porm for use 

Copper Me'!;al General Chamiea1 -2 1.0 x 10 M in water 
99.9)-' pure Division 

" 

Lead Metal Pi,her 1.0 x 10.2 M in water 
99. 9 " pure 

-
Ni tric Acid Anachemia 11 " Analytical Reagent 

---

* Dleodlum ethylenedlamlnotetracetate dlhydrate • 

.. 

'-

-"fi " 

-- ,$ 
-,.-."""""" '!PM . ,~~'4 2 54 sn , -r.' a;;;z;;: SWl 

o ... 
Ct-

// 

Use 

Standard metal solution 

Standard metal solution 

~ 

..., 
...0 

/' 

r 
r 

1 
l, 
. ,-
:' 
.~. 

~' 
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'l'ABLE III 
BUFFER SOLUTIONS (14,15) 

pH x u* 

50 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 S.? 0.006 

20 

50m10.025M sodium borate + x ml 0.1 M HCl diluted to 100 ml 

.. 

8 20.5 0.025 

9 4.6 0.025 

50 111 0.025 M ~odium borate + x ml 0.1 M NaOH diluted to 100 ml 

10 18.) 0.04) 

50 ml 0.05 le .. KH2,.P04 + x .1 0.1 M "aOH di1uted to 100 ml 

8 46.1 

1) g NH40H 'diluted to SQO III 

10 42 

• Ionie 8treng~h 

-. ".-. 

--------------... 
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2.5.5 4-(2-pyridYtalo)-resorc!~1. 
i \, 

4-(2-pyridylazo)-resorcino1 18 abbreviated to PAR 

throughout this work. and PAR also lndicates a stoichlo­

metric amount of the reagent. The severa~ specles actua11y 

21 

present in an aqueous solution will for convenience be ~ 
+ - =: abbreviated to H)P ,H2P, HP ,and P • The PAR used was 

Eastman Kodak Analysed Reagent grade, further purified by two 
1 

recrystallizations trom ethanol. 

The synthesis of PAR involves the diasotlsation of 

2-amino pyridine in ethanol uslng isopentyl ni tri te treatment 

with sodium ethoxide, and coupling wlth resorcinol (16). 

The purified PAR was a bright-orange coloured solida 

m.p. 184°C (1ft. (4) rn.p. 182°C). Analysis calcd. for C11H9N)021 

C, 61.33 ~ , H, 4.18 ~I N. 19.51 ~ 1 0, 14.87 ~. Analysis 

found: C. 61.0) ~ r H, 4.59 ~, N. 19.7 ~ 1 0, l5.2)~. PAR 

can be obtained as both the mono and disodlum salts. The 

disodium derivative dihydrate la slightly hygroscopic. PAR 

was found to be heat-sensitive, and decomposed s~ow1y to a 

black powder. It Is readi1r soluble in aqueous ~lka1ine 

solutions and in water to the extent of S -e{100 .1 of solution 

at 10 Oc (4) to give a bright ye1lo. solution. in alkallne 

solutions wit~ a pH of 12 or higher~the solution Is orange. 

It'is soluble in alcohol and insoluble in ether. The abjorbance 

of an aqueous solution of PAR has been fo~d tb decrease with 

time (4). This problem ls avoided by using PAR as an ethanolic 

stock solutio~ which proved to be stable for .onths. 

1 
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Four 8pecies of PA1 exist in solution. 

fo11owing absorbance peaksi 

(1) H p+ 
J 

max )95 nm 

(II) H2P max )8) nm 

(III) HP- max 415 nm 

(IV) P= max 485 nm 

1 
1 

which have the 

Hftilickova and Sommer (11) made a study of the dye and in 

addition ta the species already reparted they round two more 

chromophoric 

(V) 

(VI) 

speeies of PA.Ra 

H
4

P2 -4- max 

H p)+ max 
5 

390 nm 

4)) nm 

22 

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. 

1 

0 0 1 1. 
~N N:ZN" ~N ·N-ft 

~ OH œ, 
H ' HO 

(1) 
,)' 

(II r • 

OI=N\ e 0 ~N N-N 0 9 

---.9 

( III) . (IV) ,.. 
.. - -.". 

.. 

l " 
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The spectra of PAR as a tunction of pH are shown in 

Fig 1. Three isosbestic points are observed, the tirst at 

396 nm at pH 2, ) and 4 is attributed to the equilibrium 

between the species ]I3P+ and H2P • The second at )80 nm 

2) 

for pH 5. 6, and 1 is attributed to the equilibrium between. 
1 

H2P and HP- • The third at 444 nm for, pH 11, 12 and 1) is 

attributed to the equilibrium between the species HP- and P=. 

The acid dissociation constants of P4R are given in 

Table IV. 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 tbe proton in the ortho position. 

TABLE IV. THE ACID DISSOCIATION CONSTANTS OF PAR IN WATER 

pKal pKa2 pKa) Method used References 

2.69 5.5 12.)1* Potentiometry lB , 19 
• Photometry 

3.1 .5.6 11~9 Photometry 11 , 20 

.5.83 12.5 Potentiometry - 21 

j 

\ 

\ 
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FIGURE 1. APSORBA}!CE CURVES Ol" PA., IN 

AQUEX:US SOLUTICN. C=2.0 x 10-5 M 

l-crn CELL· The num ber wi th each curve 

15 the pH of the solution. 

/ 
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In addition, co~parison with the dissociation constant of 

the ortho hydroxyl group of PAr~ (pKa= 12.3) ·confirms this 

view. Consequently the dissociation constant (pKa =12.4) 

for p~~ is assigned to the -ortho group and the other 

dissociation constant (pKa =6.9) corresponds to the para 

hydrogen. Sor;.e authops do not agree wi th this assurr'ption 

and different articles have appeared discussing this point 

(22, 23) Chalmers (23) argues that the species HP­

corresponds to (1) according to the fotlOWing dissociation 

step: 

H 

The reason he gives for this as~ption i5 that the 

intraŒolecular bonding through the ortho proton wou1d 

increa5e the p}~a to a small extent as compared wi th the 

inductive effect of the para hydroxyl group; w1 thout hydrogen 

bonding the ortho hydroxyl group will be as acidic as the 

para group. 
\ 

The distribution diagrarn for the different species of 

PA.Tl as a :functlon of pH is show in Fig 2. The formation 

curves vere calculated !rom the pKa values repo.rted by 

Hnilickova (l?). 

1 

,1 
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FIGURE 3. DISTRIBUTION DIAGRAM FOR THE DIFFERENT 

SPECIES OF PAR AS A FUNCTION OF Pi. 

Calculated by means ot the values (17), pK1= 2.66 

pK2= 5.48 '1 pK3 :: 12.)1. Where [PAR]T denotes the 

stoichiometric concentration of the reagent. 

~ . 
H p+ 

al :: 
") 

PAR T 
~ 

a2 = 
IH2P 1 

PAR T 
~ 

a). :: 
. r HP-l 

1.:' 

PARJT 
~ . 

ex,. = 

* PAR

4 

'f 

j 

29 

1 

.. 

! 
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FIGURE 21. DISTRIBUTION D~AGRAM FOR THE DIPFEREN'l' 

SPECI ES OF PAR AS A FUNCTION OF pl. 

Calculated by Ileans of the values (l?h pKl:: 2.66 

pK2= 5.48 • pK) c 12.31. Where [PAR]~ denotes the 

stoichiometric concentration o~ the reagent. 

PAR T 

H2P 
a2 = -a.-_4--

PAR T 

PAR '1' 

29~. 

1 

/ 
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The apparent molar absorptivities (a*) of PAR at 

dlfferent 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 necessary 

for the evaluation of'the equilibrium constants and they were 

obtained by using the available mass-balance equations and 

trom the simultaneous solution of às aany Beerls law equations 

as were necessary. The absorptivities ~lues obtained for each 

specles are given in Table VI. 

2.5.6 Netal-PAR Complexes. 

,,' 

PAR may àet~a8 a tridentate ligand, co~plexing with 

the Metal ion through the ortho hydroxyl group, the azo 

nltrogen nearest to thetphenolic ring, and the heterocyclic 

nitrogen atom. giving two stable five-membered chelJte rings 

(19). In .ost cases PAR forms complexes with a metal-ligand 

ratio of 1.1 and 1.2 but other types have been reported,e.g. 

ThP4 and_GaP5 (5). The structures of the 1.1 and 1.2 PAR­

chelates are shawn in the fOI"llulas A aDd B 1 B generally exists 

at 10. hydrogen ion concentration, therefore 1t is representea 

in ionized forme 

~ 

a*_ A 

= [PA~! 

1 

1 
J 

whera.. A 1: total absorbance 

[PAR]T ~ .tOlchl~tric 
PAR a4ded. 
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TABLE V 

APPAREN'l' MOUR ABSORPl'IVITIES (a*) OP PAR AT DIFFERENT 

-5 1 pt VALUES. C= 1.0 x 10 M.' 

nm 400 500 SZO 

a.x l 0 x 105 '.-- . a.x 1. 0 x 105 a·x 1.0 x 105 

1 ;021 0.055 0.011 

z 0.21 0.054 0.011 

J 0.1'91 0.046. 0.016 

4 ..- 0.192 0.0)1 0.01?-
~ 

5 0.22 0.0)2 0.016 

6 0.)0 0.014 0.007 

1 0.)44 0.01 0.00,5 

8 l' 0.J5 0.,01 0.005 

fJ .o·Jr 0.01 0.005 

,10 0.))8 0.012 0.006 

11 o.))It. 0.026 0.012 

12 0.215 0.08) 0.044 

Il 
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TABLE VI 

y.oLAR ABSORPTIVITIES OF PA.ll SPECl~. 

nm 400 ,00 

Speeies a*· a-

H p. 
- lt-

5.87 x 103 2.1 x 10 
3 . 

~p 
If. 

1.9 x 10 3.5 x 103 

HP- If. 3.5 x 10 1~0 x 103 

p: If. 1.3 x 10 2.2 x 10'" 

, •• mo1ar absorpt1v1 ty 
. -1 

in litres mole cm -1 

1 

\?" J 

f 

/ 

::-. 
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In order to study the role of the bonding group in t~ 

chelate formation, Geary, N~ck1ess and Pollard (19) measured 

the stability constant of sorne metal chelates using complexes 

of: benzeneazo-resorcinol (1), salicylidene 2-amino-pyridlne 

(II), and 2-pyridilidene-o-arninophenol (III). 

O
~ '-
.,9 1=1 ~ 

R .>---

( 1 ) 

• 

l , 

1 
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The results showed that with (1) there 1s no s1gnif1cant 

shift in~ax on chelat10n ()lmax 385 nm'ror the ligand and 

360 for the cnpper chelate, at pH 6.35 where a potent1ometrlc 

react10n ind1cates the for~at1on of a 1:2 copper chelate.) • 

With (II) the shift is just 15 nm for the copper chelate, and 

can not be compared with the shift of 100 nm for copPQr-P~~ 

chelate at pH 8.5. The ligand (III) 1s highly react1ve and the 

chelates formed are very sir.ilar to the rr,etal-PAR chelates 

(at pH 4.88 the main peak of the ligand vas ~hifted from 350m 

to 452 nm.). These results demonstrate that in p~q the chromo­

phor1c reaction is due to coordination by the pyridine nitrogen, 

the azo n1trogen farthest frorr. the heterocycle, and the 

o-hydroxyl group. 

The formation of the chelate affects the acid 
/ 

dissociation constant of the para hydr0xYl group (22) by 

increasing the acidity of this group. The acid-strengthening 

effect of the metal ion i5 trans~itted primarily throqgh the 

bonding oxygen atom rather than through the azo group; this 

was_concluded by analys1ng the chelate's model,~ere it vas 

obsrrved that in t~e ·,1: 2 chelate the azo group does not lie 

in the plane of the resorclnol ring. 

2.6 Procedures 1 
~2.6.l • Procedure rrr the titrations. 

Three basic ~ethods vere folloved in the tltrations 

" 

1 
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of the different metals vith PAR: 

/ 

1) 2 ml of buffer (pH values 7, 8 , 9~ and ~) vere 

added to a l ml aliquot of standard metal solution 

{l.Ox 10-4 M) directly in the titration celle The final 

volurr.e vas brought to 50.0 ml vith deionized water. The 

titration vessel vas then inserted into the sample 

chamber of the Beckman D.U. spectrophotometer. The 

needle of the titrant buret was inserted thrO~h the 

rubber septum into the sample to be titrated. Standard 

PAR solution, the titrant, vas added through the platinum 

needle, and the absorbance of the solution recorded. 

An alternative to this method vas used at pH belov 3,·. 

since there vas no sui table buffer for the mixture of 

metals. Furthe~more, close control of pH in that range 
+ proved to be unnecessarywsince the concentration of H 

i0!ls is very large ( ~I.o-3 ). as compared to the amoupt 

of H+ obtaiÏled ~om the reaction. The pH vas adjusted 

to the required value vith nitric acid and the salution 

vas brought to a final volume of 100 ml vi th a fev ml 

of vater. A 50-ml aliquot of that solution vas pipetted 

to the titration cell and the titration vas carried out 

as described above. In thi~ procedure volume corrections 

for dilution vere negligible. 
\ 

2) A 5.0 ml aliquot of standard metal solution 

(I~O x IO~ M) vas plpetted into each of a, series ot 

1 

• 
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volur.etric flasks all containi~ approximately 30 ml of 

water ~d 5 r.l of buffer of the appropriate pB. Different 

volu::es 0:' a standard PlL"Tt solution (1.0 x 10-3 M) vere 

added frOr:ï a rr:icToburet to each or the nasks. The 

solutions vere diluted to the mark vith deionized water 

and the spectrum recorded against a water blank trom 

340 to 600 nm. 

3) A 5-ml aliquot of a standard meta! solution '(1.0 X 10-4 

M) vas pipetted in a 250 ml beaker, conta1ning 
, 

approximately ltO ml of ~ter. Sodium hydroxlde or nltric 

acid \laS added to the solution untU the pH vas at the 

desired value. The volume vas ~hen adjusted to 50.0 ml 

vith deionized water. The pH vas measured vith a pH-meter 

whose electrodes vere kept in the sample solution during 

the tltratlon to allow continuous reading of' the pH and 

readjustment to a constant value by ,1 the addition of 

sodium bydroxide or nitric acid as requiredj the titrant 

PAR 'vas added frore a mlcroburet, the nltrlc acid 

or sodiUl!l: hydroxide vas added t'roiD a gradua te micropipet •. 

!he voluces added vere recorded for absorbance 

corrections. At high pH, an inert (B2 ) atmosphere vas 

't=ept in the systern ;to prevent P~ changes t'rom the 

a~ospheric CO2 • A su.all allquot of' that solution 

vas eareMly taken w1 th a Pasteur p1pet 1nto 

~a prev~oùsly cleaned and drled l-cm 8pectrophotom~trlc 



o 
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" cclI. The spectrum was recorded between 340 to 600 nm ,., 

or the absorbance ~easured against a water blank at the 
t ( 

required vavelengths vith a Beckman D.B. spectrophoto-
\ 

meter. The s~all aliquot in the cell vas then returned 

• to the titration beaker ; ~ore fAR vas added and the pH 

vas readjusted to its constant value, an aliquot was 

taken to the sample cell previously used and ,returned 
f ' 

carefully te the ~ain solution at least three tirr.es 

before running the spectra. This Insured that the small 
\ an:ount of solution srurple t,hat vas left t'rorr the previens 

filling was reu.oved and brought into the bulk of the 

solution. This vas repeated for each point on the 

titration graphe FUr the final absorbance readings) 

volurr.e corrections considering 't~e addition of titrant 

as vell as acid or base w~re taked into account. 

2.6.2 Procedure for T~e Behaviour Study. / 
For the tilr.e behaviour study, the solutions vere prepared 

according to the method described in section 1II-2.6.lb. The 

absorbances oi the solutions were read at 400, 500, and 520 nm 

as a fonction of time for a period as long as necessary to 

'ascertain the behaviour of the solutiqp ~th time • In certain 

cases solutions vere followad f~r periods as long as ,6 weeks. 

2.~ Procedure for Ident1~1ç~tion ot Species. 
". . . . . . \ 

• 

For the identification of the ~pëèle::·'by .. tbe. .. CQp.tlnuous!' 
~ ~' .... Ho. .. "'" .... - .... "'" .. .. .... .. .. 

r. 

~ 
\ 
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Variation method, a continuous variation plot was ~ade !rom a 

.. series o.r up ta l~ solutions. The solutions vere prepared by 

accurately Le~s~ing the volumes of the reactants, PAR and the 

1 appropriate~etal such that the sum of ligand and .metal 

stoichiornetric concentration was kept constant and of the 

order of 2.0 x 10-5 M. The standard ~olutions of the reactants 

Vere delivered trom a 2-ml and l-ml Koch microburet ioto ,0 1 

~ volumetrie flasks containing some water and the appropiate t 

bùf'fer. The solutions vere brought to the mark vi th deionized 

water and the ab!}orbance of' these solutions vas read at 490, ., ' 
, 

,00, 520 nm in the Unicam S.P. 500 Spectrop~otometer. 

2.6.4 Procedure for Determination of Equilibrium Constants • 
• 1 

A series of solutions vith different ratios metaI: 

ligand vas prepared st different pH values, eovering a pH range 
~ . 

trom 1 ta 12. The methOd is the saœe as the procedure described 

aboYa, in section 1II-2.6.lc • Each solution vas p!epared br 

the addition to aD accurately measured amount of water (35-40 
• 1 -4-

ml) of: !5-ml of' metal solution (1.0 x 10 M), an appropiate 
1 

amount of' sodium nitrate to adjust the ionie strength to 0.1 

and measured amounts of sodium,. hydroxide or ni tric acid to 

adjust the pH to the required value. The solutions vere 

bropght to a final vo1um~ of 50 ml.. Dif'ferent amounts of . 
1igahd were added (0.5-2.5 ml, 1.0 x 10-3 M). The solution 

wns kept aIl t~e time in the pH-meter to allow readjustmènt 
~/ .. "' .. ~ .. .. '.. , '" 

~- o~\ pH if necces3ry. The absorbances of the solutic;ms vere rend 
-, 



- / -_'_';" ____ 4.-...-... ~-, ------_-1-____ ... __ ~ 
._._-~-_\-. 

.. 

.,,#.., 
( 

~/ 

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

spectrophoto~eter. A volume correction vas made for the ~ 

amount of ,ligand, acid or base added. 

111-3 RESULTS AllO TREATMENT OF DATA 

3.1 X~e,Behaviour. 

ln order to determ1ne the time requ1red for the 

establishment of equilibrium, àn absorbance versus time study 

at dirrerent pH values was made on each system. The results 

are shawn in Table VII. 

System 

CU-PAR 

TABLE VII 

TIME NECESSARY FOR THE ~1ETJü,-PAR BYST&~S TC COME 

TC EQUILIBRIUM, AND BEHAVIOUR WITH TIME AT ROOM 

TEMPERATURE. fi 

pH 

1. ,-4.0 

·,-7 

5-7 

M:L 

Ratio 

1: 1 

l' 3 
1 J "l 

~ 
1: 3 

,time to Behav10ur 

reach equ'111brium vith time 

amedia'te st~ble 

1.mmedlate Indetln1tely 

immedlate sta.ble\ror 

1t.8 hrs. 

immedlate absorbance .. '\ decreases alter 
.~ 17 brs. / 
.~ tt 

'C:-::::> 
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0 
Zn-PA.1={ 4 1: 1 immediate stable 

Indeflnitely. 

5, 6 1: 1 irnmediate absorbance 
• 

decreases after 

18 hrs. 

5, 6 .. M< L precipi tate precipitation 

forms. increases vith 

time. 

7-10 M< L 5 minutes stable 

Indefinitely • 

• 
Pb-PAR 4, 5 1: 1 immediate stable 

1: 3 indeflnitely. " 

6, 7 1: 3 immediate absorbance 

decreases after 

24 hrs. 

8-11 1: 1 no equilibrium absorban&;- still 

vas reached* de~eàslng af'ter 

6 veeks. 

12 l' 1 1msnedlate stable 

1: 3 1ndet1nltely. 
/ \ 

1 * The decrease 1n a~sorbance wit.h time at pH S 1s small tor 
l ~ ~ ~ 

the t1rst 24- brs., compued'lvith the decrease at pH val~es 
1 

9, 10 and 11. !he dJcrease or absorbance vi th. t1me 1. show 
i 

in Pig. 3 • 

1 
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FIGURE 3. ABSORBAlICE vs TIrE GRAPHS FOR 
~ 
Pb-PAR SYST~ FOR pH RANGE 8-11. 

C=1.0 x 10-5 M. 1-crn CELL. Â=500 nm. 
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3.2 Erfect of Light on the Stabllity of the Compound. 

Standard solutions vere prepared vith concentrations 

ca. 1.0 x 10-5 M. The ~etal-PAR peak absorbance vas measured 

in the presence and in the absence of daylight as a funetion 

of time. No differences were observed in the case of copper 

and lead chelates. For zinc an appreciable decrease in 

absorbance was observed ip the solutions exposed to the 

daylight, as is shown in Fig 4. 

1 
3.3 Buffers. 

As will be shown in the abrorbance v~ pH carves (Figs. 

6, 10, 15) the composition of the metai system in water is 

very much dependent on the hydrogen ion conçentration. 
1 

Furthermore, at certain pH values, precipitation occurred and 

at others the amount of complex formed vas too small to be 
, \ 

practlcally useful in a t1tration. Therefore the pH has to be 

adjusted vithin narrow limits; this vas aehieved by the use 

of butfer solutions. Several 

determlnation of the mixture 

studied. 

buffer s vere used in the-

of metals and tJir effect vas 
\ 

The borate ion complexes vith zinc and a t1trat1on of 

zinc uslng'a borate bufter took 24 hours to reach equlllbrium 
\ 

but gave an accurate end point. 

The usé ot butter phosphate vas Dot possible because 

the phO~Pbate ion comPlexes/vith ~;ad ~e stronglY tban PAR 

1 

( 

1 
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FIGURE lt. EFFECT OF LIGHT ON Zn~C-PAR 
-6 CHELATE. pH=8, C 1: 1.5 x 10 M. 

Cell 4-cm. ,\ Y500 nm. 
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and the pink color of the lead-PAR chelate diSAPpears in the 

presence of phosphate. 

.. 

47 

~ln ammonia solutions, copper behaves difrerently than in 

sodium hydroxide solutions. A determi~ation of copper vith PAR 

using ammonia buffer gave a lover end point than expected. 

3.4 Identification of Species. 

3.4.1 System Copper-PAR. 

At pH values greater than 1.5, a water-solub1e copper-PAR 

chelate vas formed. The co1or of the, solution vas intensified 

as the pH of the solution increased. The composition of the 
... 

chelate was studied spectrophotometrically by an analysis of 

the PH-absor~nce curves for solutions containing various 

ratios of metal ion and ligand ; the method of Continuous 

V~iat1on and ,the Mole-Ratio method vere used t~ co~lete lhe 
information. 

The absorption curves for solutions containing an 

equimol.ar amount of the reagents are shown in Flg 5a. Below 

pH 4, there is no true lsosbestlc point observed. The succeslve 

curves cross at wave1engths that change contlnuously from 

490 nm tQ 440 nm. At pH above 4 an Isosbèstic point ls present 

at ~2 nm. When the ligan~ vas present in a 2. l ratio, and 

the pH vas above 9"ig 5'b) an 1sosbestlc point· WS ol>serve11 

at ~5'O nm in the spectra. 

1 
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FIGURE ; • ABSCRBAr.CE CURVES OF CU-PAR IN 

AQUEOUS SOLUTION. CU - 1.0 x 10-; M • 
j 

l-cm ce1l. 1 
a) ~t10 cu: PAR 1: 1 

b) Rat10 'CUS p~ 1: 2 

The number w1 th each CUl've is the pH,' value 

of the solution. 

1 
, 1 



o 

( a) 

\ 

1 '. 



o 

480 500 1. 
1 1 



............ ------.. ------~--------------------------~--------~----~. 

o 

! 

1 
The spectra of the aixtures at different pK values as 

1 

well as the shape of the absorbance vs pH curves suggest the 

series of reactions shawn in Fig 6. The chesical 1II0del was 

ascertained by comparing the pH-absorbance curves to the curves 

that could best be predicted from the Continuous Variation 

method, the Mole-Ratio sethod and the absorptivities measure.ents 

obtained independently. 

The solutions used in order to obtain the pH-absorbance 

curves (Fig 6) were prepared aecording to the procedure 

described in section 111-2.).,) • The c'OJllposition of each ot 

the solutions prepared is given on Table VIII. The absorbance 

values of these solutions were read ag~inst water as the 

spectrophotometric blank at 400, 500, 510, and 520 na. The 

results are given in Appendix 1. 
>t 

An analysis of the Pf-absorbance curves showed the 

presence ot ditferent species as the pH changed. In acidic pH; 
+ PAR is present principally as H)P and H2P (c.F. Fig 2). In the 

+ system Cu-PAR the following reactions sees possible ~t high H 

'concentra tions. \ 

Cu" + HJP+ li: CuHP+ + 2 H+ (1) 

Cu" + H2P li: CuHP+ + H+ (II) 

--------/ 
~ 

I~ the Aboye sc~e.. ot reactiofts on~y a 1.1 _tal 

ooaplex was pos~1ated. ~e existence of the 1.1 Cu-coaplex 

" \ 

--;\ ' 1 " 

1 

\, 

l 
~ 

1 

1 
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TABLE VIII 

c()l·l>OSITIOl'l OF SOWTIOl1S USE» FOR THE EVAlUATION OF 

THE EQUILIBR l m·, CONSTANTS. 

Solution Sto1chiometr1c stoichiometr1c 

Humber Mo1ar1ty of Copper Mo1ar1 ty of PAR 

1 1.0 x 10-5 0.5 x 10-5 

2 1.0 x 10-5 1.0 x 10-5 

3 1.0 x 10-5 1., x 10-5-

lt- 1.0 x 10-5 2.0 x 10-5' 

" 1.0 x 10-5 3.0 x ?-0-5 'S 
t') 

1.0 x 10-5 .... 0 x 10-5 6 1) 

7 1.0 x 10-5 ,.0 x 10-5 

8 1.0 x 10-S 6.0 x 10-5 
.. 

/ 

1. 

52 

1 
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FIGtks 6; p~bSOrbance CORVES FOR Cu-PAR 
, -5, \ ~ 

SYSTEM. cu - 1.0 x 10 H. Ce11 ol-cm. A$.I00 ,nm. 

(1) . M S L -1: O.~ 

(II) M: L • 1: 1.0 

(l~l) M: L • l\l.~ 

o-{IV) M: L • 1: 2.0 

(V) M: L • 1: 3.0 

(VI) >, Ms L • 1: 4.0 

(VII) MS L • 1: ~~O 
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as th. only signitican}- épecl.s pr.sent was proved by the .. et!'od 

of Contlnuous Variatldn at pH 2.1 and by the Mole-Ratio .ethod 

at pH valu~s between 2 and 8. 

The ~b plot at pK 2.1
' 
11 ehown in Pig 1a. 'l'he / 

lolutions were prepared according to the proce4ure~lcrlbed 
ln .ection 111-2.3.) • 'l'he cOllpo.1tion of the lolut1ons and 

1 

the ablorbance relult. ate ,iven ln Appendlx J. the re.uIts 

obtaine4 wi th the Mole-R.tio .. thod .re .hown ln Pil 8 l. 'lhe 

graphl .ere obtaine4' accordl111 to the proc.dur. de.cribed in 

lection 111-2.'.1 , with 50-ml yolum •• ot lolution h.vlng a 

metal conoentration 1.0 x 10·S M, and the oonc.ntration of 

titrant PA.R 1.'0 x. 10-) M. 

'1'0 prove the lugg •• ted .cheme' o~ r •• ctton. 1 and II (page 

51), the Pi-abaorbanc. curv •• were analYI.d craphically to 

."aluatelK by a tpnction tl~+]. CL • C •• A (. wher. CL and C. 

are the .toichlometrlc concentration. of ligand and •• t.l 

r .. pectively. A il th. ab.orbance. and [H+] 1. th. hydros.n ion 

ooncentra tion. Th. molar .b.orptl vi ty of the cOIlplex ••• obtalned 

by extrapolation of th. fl.t part of curv •• III .net It o~ th •. -----

,,"-ab'orb.ne. ir.ph., at~.J. correoting th •• tOI' free PAR und" 

the a •• umptlon of a 1.1 oo_pl.x. 'l'h. yalu. obt.in.d wa. J 

1 6 104 -1 -1 aCuH p. • 9 X 1-11 o. • A.. th. "''"''''nor •••• _ ln the rarise 
'1< 

5-6. th. ab.orb.ne. 1"11" .t •• ply du. to th. forata tlon of CuP •. 

l , ~,. 1 

/ 
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/ 
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PIOUR! 7. JOB PLOH POl Cu-PAR SYSTEM. 

C,ll 1-cm. 0- SOO M, 0 - 520 1111. 

a) ]fi 2.1 , 

b) ]fi 8.0 • 

C) If{ 10,0, 

I, -S Cf • •• 0 x 10 1. 

O -5 CT • 2. x 10 1. 
-5 Cf • 2.0 x 10 1 • ., 

• 

1 

M d.note •• tolchiometrlc concentration or cOPP'r, 
\ 

L d.not ••• tolchiometric conc.ntration or PAR, 

CT • M + L • 

! 
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f 
PIGURE 8. l 'l'I'l'RA'l' 1 ON GRAPHS POR COP~ 1.'1' DIFFERENT 

Jfl ya1u •• 1, Cu • 1,0 x 10-5 M, PAR • 1.0 x 10-' Il, 

A.' 500 lUI, 1-0. 0.11. 

Yo1u.. o~ 8oIut1on • 50 al, 

!he nu.ber w1th •• oh tltrat10n graph 1. th. pH value 

tor that .olution. 

• CALCULl'l'ED GRAPH A.T Pi 8. 
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The equat10na uled are. 

Por reaot1on (1), on~. 51. 

f 

C. • [CU) + [CuHPJ 
CL - [H)P+] + [H2PJ + [CuIIP+] 

For equl11brlwa (II) on page 51, 

/ 

~uHP+] ~+] 
[cu, lH2~ 

/ -. .. 

/ 

fte Yalue.' t.0un4 -tor '1 and' ~ _,ra OOll.tant tor all the 

.,olutton., wtthln .xpntlwntal arr., fhe' .. -"_li •• how that 
, . . / ' 

-
(2) 

~ Nib ra.otton •• .ra takt.". placa, ~.,. ~l..,...lon- ot K o.lculat.4 
, " 

/ 

.. . , 
" 1 

-r. 

( 
] 

« 
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tram equattons (1) and (2) were the same. The K'values evaluated 

by the use of formulas (1) and (2) are summarlzea tn Table IX. 

In the upper part of the pH-absorbance curve at Pi values 

betwoen 4 and 6 a dlfferent equilibrium predomtnate •• it 
1 

corresponds tb the followlng reaetlon • 

• 
(III) 

'hie reaction ie d •• cribe4 br the tollrw1ng .quatlons. 

" .~uPJ{H+J 
) [euHp+J 

c •• [ CUP] + [CuHP+J 

CL • [CU~ + [~uHP+J 

/ 

th!.. equatlon 'can \te r .... rl tten ••• 

• 1 
1 

" 

., , -- I-__ -'-_________ r 
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TABLE IX 

/ 
, :.t 

VALUES OF 1<'.1 AND ~ FOR CU-PA.~ SYSTEM. 

pH CL A log ,Kl log K
2 

1.5' O., x 10 -, 0.0l+3 1.63 ;1+.26 

2.0 .f 0.069 1.71 '4.37 

2.~ If Of 072+ 1.13 3.79 

3·2 " 0.082 0.93 3.5'8 
// -5' 

0.083 1.62 4.28 ~ 1.0 x 10 
1 

2.0 fi 0.123 1.65' !t.l" 

2." 0.1"" 1 .. 1.5'3 3.93 

3·0 Cf 0.1,.5 1.36 lf..02 

3·3 fi 0.16 1.1,.1 lf..07 
1 

3".6 .. 0.165' 0.80 1+.1+6 

1.5' 1.5' x 10-5' 0.12 1.v60 1+.19 
2.0 fi 0.16" 1.62 lf..03 

2.5' " 0.18 1.33 3.99. 

3.2 If 0.188 1.53 4.~ 

/ 
1.S 2.0 :J~O-'J 0.15'~ î." \ 4.1" 

2'.0 et . 0.20 1.~ 3.92 
.; 2." 0.208 " " 1.23 3.90 

/ e- l --- 1.1t3 ... os / . Ay ...... 
'f , 

0.06 0.0" "Itand'aH .ntor ot _&ft . 
" 

, 

1 
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A plot f'~ A/CL vs .(. A/CL - aCUHP ) 'H+ shoul.d be a 

straight line ~th a slope -1/K3 and an int~rcept equal to 

aCUp• When dev1at1ons from the straight line vere observed the 
-.... 

equat10n ~ould no longer apply and thus the range of pH where 

it is vali4 could be established. This range is a ~ction of 

the Ms L rat10 as shown in Fig 6. 

The value of a
CUHP 

calculated previously tor the 

equil1b1um (U) existing in the curve belov pH lt. a CUp 

vas calculated using tvo points (Al , ~ ) trom the pH­

absorbance curve, by means ot the tOllov1ng equatlon J 

• When exceSI ot ligand vas prosent the ditterent PAR 

specl •• vere inoluded in the ma •• balance equaticn. In those 

cases the tina1 equatlQn usee! tor th. evaluati.,on of ~ va. J 

~ 

--'- -

_ [clDaC\IHP - A + "H2~X + xi] [ H +] 
~ - [A-a C -a X-XI] 

CUI' m ~p 

, C - C x. L Il 

1, Xa2/~4 
J 

\ 
\ 

(6) 

-. 1 



J 
1 

œ 

o 

-' , 

67 

The value obtained for. ~uP by use 'of equation (5) wal 

J .. 9 x 104 1_m-l cll-1~-lIlt 500 M' 1 t agreel w1 th the value 

(),,9 x 104 ) obta1ned by extrapolat1on of the f1at part of 

curves (Il and (II) of the pH-ab.orbance graphl, (Pig 6), at 

the same wavelength" 

Using the absorptivity or CuP evaluated frdm equations 

" () and (5), it +r~,~!!lt:~~alCu1ate KJ" The relu1ts are 

in 'able X, ' ~ \ "J 
\ 

'l'ABLE X 

CALCULlTED VALUES OP K) POR REACTION. 

1 

.\ 

\ 
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Th. valu. ot K) oaloulated trom .quat1on. ()) and (6) 

oorr •• pondN to the K, obtain.d by th. halt tltratlon m.thod. 

Abov. pH 6, tor a m.tal-ligand ratio ot 1.1 or 1 ••• , 
~ 

the r.aotlon 1. not pH alp.nd.nt a. oan bl ••• n ln Plg. 6, 

ourv •• 1 and Il. Startlng at pK 6 oopplr .tart. to bl prl •• nt 

ln .olu~lon al CuOH+ (Pl«. 9) , at PH e, 90. ot th. oopplr 

not bondld to PAR 1. pr •• lnt a. CuOH+ • Thi. oan rlact wlth 

/ PAR a. tollowl' 

/ 

/ 

f 

# (IV) 

t.-

In addition. att.r OuP ha. b.en tormld the ab.orbanoe 1. 
f 

a tunotton ot thl PAR oontlnt indio.tln« that thl reaotlon 
1 

au.t lnyo1ye th. pr •• lno. ot trll PAR. MorloYlr, th. rl.u1t. 

ot a Job-p10~ at pK 8 (ratio 1.1) and 10 (ratio 1.2), and 

th. lnor'.a.ln, ab.orbano. on thl tl tratlon craph. att.r th • . 
br.ak oorr •• pondi", to a 1.1 m~tal-PAR ohllat. trom pK ? to 10 

••• m to lndloat. that th. r.aotlon taklng plao. Wal' 

(v) 

. 
Job ,lot. Ar •• hown ln 'l,. 7b and 7o, th. 101utton. 

1 . 
w.r. Jr.,.r.d a. d •• orlb.d ln •• otlon 111-2.3.3 • Th. 

. , 
oo.po.lilon ot.th •.• 01utlon. and t~ ab.o~b.no ..... ur.d al" 

11y.n ln '",ndix Il. Â Job ploi at pH • lndloatt. a 1.1.1 
, \ 

r 
o , 

, / 
1 1 

1 
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~OtJRl 9. M8DlBUTIOI DlAOIAM J'Olt fHI DIJ'rDII'l 

IPIOII8 01' COPPD AS A rtnICflOlf 0' ,1. (24) 
.. 1 

·'V 

,~ ,<+", . 

1 

~ · CI.. "" If 

! '[OUOl+]-
.... [111&], 

\ 
\, 

/ "', ' 

/ 

/ 

~ <'1 , 

6~ 

,. 

, , 
,ilr ' ., , 

,j 
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metal-ligand ratio. The eh1tt ot the;' maximum towards a 1. 2 

ratio 1nd1cntee t,o preS8{nce ot a smal1 o.mount or tho l' 2 

chelate; nt pH 10 the maximum ot n Job plot 1a nt l' 1.8 

(M. t) ratio wh1ch shows that the cholate WBe mostlr as CUP2 

The t1trat1ons graphe trom pH 7 to 10 vere obta1ned 
/ 

accord1ng to the procedure 4escribed in section 111-2.3.1 

vith .olut1ons conta1n1ns a known metal concentration ot 

'1.0 x 10-5 M • Tho concèntration ot t1t~ant PAR va. 1.0 x 10-3 

~. The graphs obta1ned at SOO nm. are .hown in P1g 8 • 

t 
At pH ? a .harp br.ak va. obtain.d tor the OUP ch'late, 

,but atter th •• nd point the ab.erbanc. kept on 1ncroa.1ng atter 
\ 

.aoh nev addition ot PAR, th. apparent ab.orptiv1ty ot PAR 

undor the •• oond1 t10ns (pH ?, ~OO MI.) 41d not account tor th' 

inorea... Tho .lop. atter the break oorr •• pondins to th. 

tormation ot Ou, ch.lat. bteam. more pronounced •• th. pH . 
inor.a •• d, at pH 9 curvatur •• tart.4 te app.a~ and becam. v.ry 

- , 

obviou. at pH 10. At thi. pH f vhen th. amount ot 11'8nd ad~Qa 

va. in ,r.at .xc ••• (1. 1.~ ratio) the ab.orbanco b.came 

oon.tant an~ an .xtrapolation ot the tvo .tr4i.ht lin. port1ont 

ot fM ourv. ,Ave • br)ak corre.pond1". to al' 2 molal' ratio. 

tbL • ••• m. to indio.t. that 1t the t1trat1on at pH 7 ver. oarr1~ 
/ 

tal' enoucb (l' 20 approxima tif) • con.tant ab.orb.no. vou14 
" 

t1na~11 bo obta1n.4 an4 br .xtrapo1ation ot both lin.. th. .nd 

point tor the CUPf ohelate c0ll14 " •• t1mate4. .. '. 

'I , r 
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1 
To evaiuat. th •• qu111br1um con.tant of rBaetion. IV 

-rd V,(pa,. 68), a serie. ot oquat1ons vere 40rived .slumine 

th. ox1.tonce ot CUP; .p.ei •• at pH'valu •• above 6. 

1 [~] 
~- [CUoa4[HP-] 

1 

l' LOUP;1 [H +] 
r (OUP] (HP-l 1 , 

C.+OH~]-fur;] 

CL ~]+ 2[CUP~ [97] 
, 1 

' ~.CUI' [cup] .... a~ [""':] 

/ ~ 

If v. u.. the ab.orbano. rea4in" trom our... wn.r. 'AR 

oonoentl'at1on 1. .mal1e" tban ln 84u1 to' tIN .. tal 
" . "'" oono.ntl'at1onf v. oan n.,l.ot tbe pt ... no. of CUl2 • Und., 

th1. '.'lWDpt1on JM Y.lue tif ) 1. I~Y8n br .quat1on (7) f an4 
tbt value 4)bta1n.d ·1. 'J.? x 10 • l' ' 

1 
1 

'/ 

" 

1 

i 
1 

/ 
J 

• 
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/ 

• the motel, OUP2 .tart. to !orm and K~ 11 g1v~n through the 

·U'. or oquat1on (8). ~ / 

[ R~: " 

K,.~-------~----_______ _ 
l_ct~aOuP __ 2_-_C1,_a_Cu_p_-_C_m_acup __ 2 __ 20_" a_a_ou_p_-_AJ [c.,aoup 2 - Â • 

.. / .CUS' 2 - .CUI' ·cûP 2 - ·CUI" 

/ ••••• (8) 

Ât pH Y.lu.. betv •• n 6 and 7 the pr ••• nc. ot CdP:t "" ta1m2 

.f/ iDto oon.~at~ in the 4~r1v.t1on. Ou, va. "aiuat.4 trO: 

aquation (9) .nd b)' the u •• ot the appropr1at ..... balane. 

aqu.at1on., tu conc.ntration ot CUP aft4 mi- vn. ".luat.4 
\ 

and thnator. ~ • 1 

'" . ' -
, - .cup;, ~., 

(~).,-----~----~~~--------
.cUP ' •• OU'2~ ~CuHP S· - .CU'a 11+ ] 

~ '3" I~ 1 / 
f 

• 
flw MW ÂtOI',tint, of OuI; va. obta1ne4 J)y -.:r/ 

..,.po1Ation o~ tbe a.at ,.l't o~ thl liv.tun ,rApb ~ï ,. 
f . 

, / 
Il . 

1 J, 
/ 

" " / 1 " " " i, 
~~ ,', / 

" ... 
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Th. valu •• obtain.d to~ KS by th. ~ •• ot .quatlon (8) , 

and (9) a~' .ummar1z.d in Table XII. Valu •• ot KS obtaln.d 

trom th. titratlon Iraph. Ar. liv.n'in Tabl. XI. 

'l'ABL! XI 

VALU!S OP K, OBTAIN!D PROM 'l'HI TITRATION ORAPHS • 
.. 

-10' l.s 

1.0 2,91 
c 

/ 8.0 '.7 
1 9,0 '.1 

/ 10,0 ".144 
, 

-'1 

A. ~ ... rd. th. variation. i~ th. oalO~lat.d valu.. to~ 

" at pK b,low oa, 7,·5, aor. 1nvolv,d .. a.u~ ... nt. would be , 

r'4ulr.d to .xpialn th •• , At pH 8 to 9,5, r.aotlon'(V) 

PI'.dOlllnat... th. K valu •• obtalMd al" oOMtant and pH "'pend.nt 

a. li 1 .... n ln Pl" 6 OurY,. III and IY, th. valu. obt.l"'d 

tOI' pIC" 1. 'Jy , / 

1 1 
ANY. pK 10 th. :r.aotlon ont. tIOI'. ....,... '" lftMpend.nt, / 

and 1. 1. ~ ......... tU r .... lon " •• 
" . ... ,. . C.,. • Gull (YI) 

/ 
'o( ... 
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TABLE XII 

_ VALUBS OP K'5 013TAIUZD BY THE USE OP' EQUA'l'IpNS (7) AND (8) 

- . a+ CUP + HP -= CUP2 + 

pH , 
CL .. 10' K'5 

8.1 O.so, 3.0 x 10 
., 

3.67 
-8.1 0.""2 

., 
"'.0 x 10', 3.67 

8.1 0.'67 ~.O s 10·" 3.68 
8.3 0.lf.37 ,1.' x 10·' 3.8 
8.3 1 0.'+77 2.0 x 10·' 3.76 
,.0" O~ 1.,. x 10·' 3.73 
9.0 0.61~ ).0 z 10·" 3.9" . 

/ 2.0 X 10·" 
; 

9.0 0.5'63 3.82 ,~ 

"'.0 x 10~ 
!~ 

9.0 0.6"3 3.90 , 
' .,. / 

/ 

'.0 0.681 ~.O x 10 , 3.94 
10.0 0·'32 1.' X 1.O~ -.... 36 
10',0 0.613 2.0 s 10·' , .... ..., / 

10.0 O'j682 ,.0 s 10'" / .... ~ / 

, 1 

1 

• 
'10 . ' 
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TABLE XI) l 

SUJ1J'ARIZ~ VALUES OP' EQVILISHIUJ'; 00llSTAr:TG BVALUATBD IN THE 

.. çu-PAR sysm:. ,. 

.pH Ran,. pIC • lquilibr1um 
/ 

-l.~ 
. [0UHP1[wf ....... 
\[~rf1 

.... 08 [~[r) 
,X2- [o.l·1[îi2'l 

/ 

i'? 

1 [""'1 [&+J 1 '.08 ,E3- (CUHP, } 1 
' ..... 0 - 6.0 

".16. 
(CUP] 

~. [ CuOH1(H'· ] / 

3.7 tOUP;JfH1 
~.[&d1 [HPl 

1 

/-8.6 ~ ~(CUP;J 
. ; 'fiïï1 CP al / , 

'" 

1 ( 

10 
/ 

• 
\ 
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FrOtl': the .qu111br1um con.tant .valu4te4Jor react10n (V) , ~ 

at pH 1G and the equ111br1um constant Xa3 ot PAR ~ll) 
. 1 
the value or p1C

6 
ws d.term1nod ~~1-8.6). 

1 
1 

Th. .qu111br1um constants .valuate4 1n th. copper .,.t.m 

ar •• ummarized in Table XIII. 

A t1trat1on cr.ph va. pr.dicte4 at pH 8 takin, into 

con.id.ration CUP and OUI; a. the on11 OU-PAR Ipeci •• pre •• nt 

at that pH. The sraph va. bu1l.t u.ins \ an4 K~ and th. prop.r 
1 

••• -balanc •• quat1on •• The ,r.ph obta1n.4 1 •• how in Pi,. 8. 

the 4Utn.nc. betwe.n the pr.41ct.4 aM ob.nve4 ,raph. 1. 1 
n.,li,ibl •••. oan be ••• n in the ri,ur •• 

Cor.ini (3S) ha. oritically 1'"1.".4 tM vork 

publi.M4 CJG the If.ta Ou-PAB. V. report.· a valu. or '2 an4 

'3 in ,004 _,r •• -.nt wit~ tn. pr ••• nt wor~a •••• n in fabl. XIV. 

tJBI,J XlV 

KIPORTID VALU,. l' OII·''-fl' IY~ -Ilf 'lBS LITIRA'l'tJlt! AS ~l'pÂ!n~D 

VItH fHJ' 1I1OJIK • 
• 

) 

00r.~n1 (3~) 

1 .... 1 .,., 
·7 

J 

1 '- ' 
, ,. 

, 
, ~ 

( ~" '. ' -/ ! .. .1 

.ÎI 

'1 
1 



18 

3.4.2 SYltem L.ad-PAR, 

Th. re.etion b.twe.n PAR and 1.ad(II) 11 r.ad11y 

ob •• rv.d at pK v.lue. ~reat.r than J wh.n th. P1U

z
U' 10n li 

in Itoiehlomltrlc excI •• (Pig. 10, OUry. V), The ule of PAR 

al a~ana1ytleal reag.nt for th. photom,trle d.te lnation 

of l •• d h •• b •• n inv •• tigated pr.viou.ly br Pol1ard .t .11 

(16, 18, 19), .nd by Kri.tian •• n and Lanc-yhr (25), Pollard 

r.portl th. formation of a 1{1 and a 1.2 (M.L) oompl.x, where •• 

Kriltian.en reportl on1y a 1.1 (M,L) oo.p1.x, To .olv. th. 

di.aer •• m.nt about th. nature or th. 1.ad lpeeiee, Dagnal1 .t 

/ 

al (26) mad. a complet. Itudy or th. Iy.t.m by th. UI' or th. / 

Continuou. V.riation .. tho4 an4 the Mole-Ratio m.thod. They 

.. d. ~e .tudy at pH 10 and th.y obl.rved th. formation of 

on1y • 1.1 (M.L) oOllpl.", In the pre •• nt inv'ltiption, u •• of 

th. ,Continuoui Variation method Ihow.d that a li"ll. ratio ot 
1 

1.1 (M.L) wa. obl.rv.d for th. Pb-PAR .,.oi •• b.tw.en pK 4 and ! 
9, 'h.retore, on1, a 1,1 ooap1.s will be a •• u.td ln th. 

r.aotion .oh' •• at al1 pH valu'l Itudi.d, 

In ord'r to und.r.tand th. tltratlon ,raph. and ~diot 

th •• at ditter.nt pH valu •• , pH-ablOl'banoe Ota" •• w.r. 

obtained for lolution. oontaininc varlou. uount. ol •• tal 

ion aM 11.., PAR .1b4 in d1ft.JI.nt r. t1ol, A INphioal a1\4 
/ ' , 

ftUMl'1o&1 anall.1. of the OUrYe' obtalMd ... ~, accordinc 

to th. noeedur. "Hrl~d if\' ~.otlon 111-2,2 , he 1101&1' 
, ~ ., ...... 

&HorptJ.vJ.tle. and th. equil1\brJ..' oon.tant. of ta. 0.,1 .... 
. \, -

/ 
Il l' , 

/ 
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1 

could b. .V.l~t.d trom the data. 

Th. appe~r.nc. ot th. PK-ab.orbanc. curv •• ('lC- '10) 

to~ dltterent M.L ratiol and th. tact that the ratio of 

Pb/PAR ln th. compl.x li r.ported to b. 1.1 , lugs •• t that 

th. follow1nc r.actionl •• r. taking ~lac •• 

Pi,++ + H2P • PbHp· • H+ (VII) 

(VIII) 

~h. d.or.al. in ablorbtnc. at pH 12 .. y indio.t. th. 
, 

pr ... ",. ot • MW lpeoi ••• 
1 

th. apeetra tOI' aolution. oontaini", an .quil101ar 

uount ot th. r .... nt al" ahown ln Pi" 11 • In th.a. 

ourY", an iao.b.atie ~int 1. ob .. rv.d at 455 ft. tOI' 

.olutiona witb pK NtIr •• n 5,6 and 8,2 , At Jfi • 12, th.r. 

1 •• dl.plac ... nt ot,th •• a".lencth ot .. xiaua ab.orption 

(520 to 510 NI), Th. ab.orbanc{. al.o ûcr ••••• , 'h ... taot. 

• "apport th. hyPoth •• la tut. MW .,.oi •• ft. toraine at thi. 

pH, 

/ 

the .olutiOM u •• cI to ".o"cI the pH .. b~o, OUrY" 

... ~ in ,." 10 .'1" -pNpar.cI aooorcliJW to th. proo.clure , 

".,ribed ln .. otion tll-2",'" ".,. oOllPO.itton ot~.aoh ot 

tu .. lution. ",qat.cI i. ,tv.n ln ..Iabl. VIII (pap ~r, ,he 

aHorb&fto. ".lue. ot t"' ... o1utlOfti ..... r.acl .,.ln.t .ater 
l , 

•• iht ".,tM blMk at *'00, ~, ~10, and 520 M. the 
1 ... m .. .... ,iyen in ,,,...a. Il .... "'Yi .... • t the 

, 
\ 

/ 
j 

/ 
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navRE 10 , _-ablOl'baftoe CURYII fOI ""PÜ* 

1Y1f1Jl, Pb • 1.0 " 10-5 ... 1-011 0.11. A. 500 nia. 

,he nuaNr .1 th •• ch oUrY_ 1. the JK valu. of the 

Hlut1on. 

(1) •• L • 1.0.5 

(11) 
. ...L 1.1.0 • 

(III) •• L • 1.1.5 
J. 

(1") •• L • 1.a.O 
'l} J!PN-to/t ... ,u~ 

(Y) •• 1, • 1.100 

,," , 
,~ J, 

f-:.> 

'.< 
i 

"1 
1 

J -
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PIGtmB 11. A'BSORlU.NCI CURvms or Pb-PAR IN 

AQUIOUS SOLUTION. Pb -1.0 x 10-~ M. 

l-om oell. 

a) Ratio Pbl PAR II l 

\ b) Rat~o Pb. PAll II 100 

'the nurr,ber \\'1 th l\Qoh ourve 18 the pH value ot 

th. solution. 

\ 

r, 

, , 

1 \ 
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IYlte.wlth tl •• wal Itudied and .howed that at pK 8. 9. 10 

and 11 th. abl~rban~. of the lolutionl wa. deorealln~ wlth 

tlm. (~il. 3). No oon.tant ab.orbanoe valu~1 w.r. r.aohed. 

In additlon to th. propo.ed .oh.m. ot r.ao~lon •• lt .eem. 

that •• veral oth'r reaotlon. eould allo take plaoe in thil 

Illte. of ~.al.nt •• 

The analYll. ot th. pH-ablorbanee ourv ••• hown ln Pli. 10 
j 1 

~ wa. made a. delorlbed ln leotlon III-2.2 • Thui th •• olar 

ablorptlvltie. and the .qul1lbrium oonatant. oou1d b. 
\ 

evaluated. A~ pK below S. th •• igniflaant reaotlon taklng place 

wa,·VII. (page 79). In or der to have ~ m.alurable amount of 

ohelat. PbHP+ • a large .xc ••• of meta1 lon (Cm • 1.0 x 10·3M) 

'over the ligand wal ua.d (CL • 1.0 x lO~S M). Thia waa pOllibl, 

due to the low PH ot 'hl lolutionl. The ablorbane •• ~. read 

at difterent pH value~ and the eurv. li Ihown in 'Pll. 10. ourY, 

\1 V. Th. valu. of th. molar abaorptivi ty ot PbHp· waa oal!'Julated 

by ualnc two ab.orbane. pointa on the pH-ablorblne. ourv., ln 

the formula 1 

• 
'PbRp· 

whe" X • ~ l -

\ 
1 

(10) 

.... p r~j ~. jl' " 

.. - r 
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\.b ~ -1 -1 t \ the value calc~latld wa. apbHP-,l.~ x 10 l-m -cm a 

À.5'oo nm. 

Tho value ot ~ oould then 1)0 Ivalut. ted trom th. 

tol1ow1nc .et ot equat1on •• 

• 0 

Cm -rb+}fbllP+) "[Pb· j 
~ -rbHÎ>j ~[~p] +[H3Pj 
À';' ~bllPfbHP+] + a~p [*] + ~3P+[Hl'l 

[~"p] [H·] 
Itat [Hl] 

\ 

- , 
Uslns the value oaloulated tOI' the molar absorpt1vlty . 

and the d'Q tQ ot o~rve V (Fig l~ below pH l+. S, the vt.l.ue ot r . 
KI' \01&1 round to be O. ~ • 

Aisumlng thnt raaot1on VIII in the sus,estld loheme va. 

takinc plaoe in the ri8ina part ot the plI-&bsorbnnee 

.> 
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'0\11'''' (pH valu •• S. S to 1. S), tha tollov1nl formula ot.h ba 

d.rived (.aa palt 66) trom the· proper maaa-balance and Beer'i 

lav tqutltionl. 

[C,l'pbIIP :' A + .~p X - lYJ [ H+ ] 
lt~ - ( 

A - tlpbP Cm • aHaPx ~ XX 

!he ~arle deviat10nl .ob.erve~ in the Je a evaluat"ed art 

. due to the propalAt1on of errora pro~uc.d by the ditterant 

,t.rma in the above equation and allo, pO,asibl)', to the taot 

that tho assu~~t1on rnadet(ron~tion VIII only bakOI plact in 

thia pH range)is not oornplotaly justltled. 

In order to undorstand tho behnvlour of the system al 

the pU is inoreasea gradually trom aold medium, the 

,. distri butlon dingrnm (CI-distr,ibutlon) tor the 1ead (Il) 

lon WCs oonstruotod (Appendix 3). It 1. shown in Fig 12. 

~he tOllo~ln! sot or renotlons ,aa~ms renlontble when Pb(II) 

and PAR are pre.ent in lA solution whole pH is ,radu~ly 
,. 

incrensed a 

~,' 



o 

/ 

, , 

~ , 
\ 

Pb"'+ PbHP+ J(+ ' (V1I) ... ~2P • + " 

PbRp· '. PbP ... K+ (VIII) , ' 

Pb"'+ ... Hp· . • PbP + H+ (IX) 

PbOK+' + Hp· • PbP + H20 (X) 

4tbOK+ J HeP • PbP + H20 + K+, (XI) 

\ 

Con.lderatlon ot the œ-dlltrlbutlon dla,ram ot PAR 

(pi •• 2) and ot le ad (Pli_ 12)~wlth the pK l.adl to the 

oonolullon that the reaotlonl that can r.alonably b, 

, 

88-
'1 

. 

iaklnl plaoe at pH S art th. reaot1on. VII, VIII, and IX. \ . ... 
Utinc th. molar abaOr!tlvltY oaloulated prtvloully for PbHP 

and th. valu), ot KI ~a round above, and th. mola~ àblorptlvlty 

ot th. apeoiea ~bP obtalned through the Mole·Ratio method 

data at/pH 8, th. equl11brlum conatant tor r.aotion. VIII 

,and IX oan b. evaluated through the tollowlng .quationa. 

c • [PbKP+] + (PbP] + [Pb +1 "" " 
CL • [p~p.] ... [PbP] ... [Ha' ] + [HPJ f. 

KI • 
[pbKp1 [ H+] 

[pb1 [HaP] 

,,' 
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1 

o 
• fil • il • 

Hp· K~ 

{K2' : 
\ 

&(Hp8)2 + b(Hp8) + 0 • 0 (11) / 
• 

b • 
• 

';II . 

.' ) 
\ , 

App111nc tH... .,~atlon. to oUrY,. 1 to IV a~ ~ S • w. 
obtaln th. tollowlnc v.lu •• -for Ka and K" 

• ./ . , 
/ \ 

/ 
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, fIG~1 12. DlS'l'nIBtrl':ON 'IAGRAM POR tRI DIFPIRINT 

8PlICIBS OF LIAD AS A PONCTION or pH. (2'1-)2) 

ci - [Pb" 1 , 
o (Pb]T 

[PbeR+] .-, [Pb], 
\ 
\ 

1 • 

- . 

• .. J 

~-{r?B)J 
Pb]t 

4x _ [Pb(OH)j] 
3 [Pb] T 

\ . 

\ 

.. 

·1 
i 

, r. _ 
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Ab~v. a pK 8, the Iqul1ibrlum oould not bl rlaohld. 
1 

po •• ib1y ,dUI to a 110w rlaotion b.twlln PbOH+ and Hp·' • 

·Wh.n thl chllatl i. formld by .mal1 addition. of th. 

11~and to the lead lolutlon, a. in thl Continuoui Variation . . 
. ..thod. the ablorbanol at thl equivalent point li Imaller 

th.n that obtalnld by qulckly mixing the Itoiohiometrl0 L 

am~unt. of the rlalentl. A trfration graph at pK 8 il Ihown 

ln Plg. l)b. Thl break i, Iharp and the end point li aoourat •• 

Th. ab.orbano. II Itabl. at leaat tor a per10d ot onl hour 

tollowin, the tltration (Plg. 3). An apparlnt K waa evaluated 

trom the titratlon graph, wlth a valui of 0.16 x 106 
1 thia 

~alue give~ th. ordlr ot magnitude of K tor the reaotion 

taklng placi at tnat pH (8). Thil valu. "of K oan not bl 

conl1c!ered an equilibrlum value 11n08 th. abllorbanoeof th. 

lolutlonl at th11 pH and hlghlr werl dlerlaling eontinually. 

It may bl that th. dlorla •• ln ablorbanci wal dUI to othlr 

r.aotionl taking plact. Garrltt .t a1(,» reported that glal. 

1. attacked by th. 101utlonl of lead and alkali. 

Tltrationl at PH valu •• S. 6, ànd 1 are Ihown ln Pl'8. 1)& 

and l)b, oomparllOn of th.). titrationa Iho.1 that pH 8 ia 

the bl.t choiet for the det.rmlnation of Pb(II) with PAR. 

The decre.l. ln abaorbane. at pH 12 and above eould bl 

dut to thl formation of a new llad oomplex or to the 

dl.truetion of the lpeoie. Ixi.tins at lO.lr pH. At viry hlgh 

, .. 
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PIOURE l' • 'l'l'ItA'I'ION ORAPKS toR LlAD l' 
DIPPIRENT PK VAWa,s • Pb • 1.0 x Joe, M. 

PAR • 1~~ x 10.3 •• • SOO n.. \ '. 
a) pK valu •• 5. 6, and 7. - , 
b) (a) wlthout correct10n for free PAR. pH 8. 

(b) correcttd tOI' tree PAR, pH 8 • 
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pH. lead forma the following,hydroxo co.plexi Pb(OH»)· • This 

negatively char~ed specie. may not react wlth the negatlvely 

char«ed PAR ions. 

The values of the tqul11brlum constant. evaluated tor 

t~e lead-PAR .ystem are given in Table XV. 

TABLE XV 

SUMMARIZED VALUES OP EQU1LIBRIUM CONSTANTS EVALUATED IN THE 

Pb-PAR 'SYSTEM. 

K Iquillbrlum 

-
0.5 KI • 

H+ 

H2P] 

2.S x 10-6 
K2 • . 

~~p] rH+] 
[pbHp1 

0.4 K) • 
~~p] [H~ 
frb+j [HP-] " 

, 
\ 

l 
1 

. 

j 
i 

, 
~ 
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\ 

Th. formation of aine-PAR chelate waa ob •• rv.d at pK 4 • 

but if metal il ua.d in excel' (100,1, MIL) the eh. lat. ia 

ae.n to form at pH 2.8. i.8. th. red-orange color of the 

chelate ia immediat.ly oblerved. 

, 
The absorption Ipeetra for aolutions containing different' 

~ 

MI,L ratio8, art ahown in Fig. 14 • For a ratio MIL- 1001 l an 

ilosbeatic point waa preaent at 430 nm for a pH «reater than 

4.8, and two maxima war. obaerved at 400 nm and 490 nm. When 

the ratio was 112 there was a ahift in~max at 400 nm and the 

iaoabeattc point was obaerved at 440 nm, and above pH e. the 

otharJlmax (490 nm) remained conatant. Th. sama kind of 

lpeetra were obaerved for a 111 (MIL) ratio as for the 112 • 

The ahift at 400 nm corre.ponds to tree PAR, and the abaenee 
"'-of an iloablatie point below pH 6·indicatea th~ .ore than 

two aptcie. were in equilibrium. 

The ~-ab.orbance plota (Fig. 15) indicate the preaenee 

of at least three complexes inaolutionl one for lolutions 

containing Ixela. of .etal ion at pH ~.8 (CU~. ~,. one 

between pH 4.8 and 8. and one above pH 8 • 
J 

I,n ord.r to identify the complexe a present ln the aystelft, 
~ 

the .ethod ot Continuous Variation was u.ed at pH 4, S. and 8. 

The relults are glven in Table XVI~ 

The Job plota for the wavelengtha of 500 and S20 na, are 

\ 

= 
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FIGURE 14. ABSORBANCE CtTRVES OF Zn-PAR IN 
'-5 

AQUEeUS SOLUTION. Zn _ 1.0 X 10 M. 

l-cm cell. 

a) Ratio Znl PAR la 1 

b) Rati~ Znl PAR la 2 

c) Ratio Zn' PAR 100 a 1 '---. 

The number vith each curie is the pH value 

for that solution. 
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nGURS 15. pH-absorbance CURVES POR Zn-PAR 

SYSTEM. Zn -1.0 x 10-5 H. Celi l-cm. . 

À .500 M. 

(1) MI t • la,O.5 

(II) HI i, • 11 1.0 

(III) HI t • 11 1.5 

(IV) .»1 L • la ·2.0 

(V) IH t • la 2.5 
(Vli) 

li 
IIU t • 1001 1.0 
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COMPOSITION OF ZnaPAR CHILATIS"lr DIPFBRBNT pH VALUIS BY 

THB CONTI~US VARIATION MBTHOD. 
, , 

pH Ma L 

~ 11 l.~ 

~ 11 1.66 

8 11 1.9 
\ 

\ 

shown in Fig 16 • The solutions Vere prepared according to the 

procedure described in secti~n 1II-2.3.d • The composition of 

the solutions and the absorbance results are given in appendix 

1. 

The spectra ot the mixture at ditferent pH values as vell 

as the results.obtained by ~e Continuous Variation Method and 

the shape ot the pH-absorbance curves (Fig 1~) suggest the 

tollov1ng series ot reaotionsl 

zri++ + ~P - ZIlHP+ of- a+ (XII) 
\ 

ZnBP+ + H
2

P - Zn(HP)2 + a+ (XIII) 
\ 

ZnHP+ - ZnP + Hi (XIV) 

Zn(HP)2 - ZnP(HP)- + H+ (D) 

IDP(HP)- - ZnP; + Hf (XVI) 



o • 

• 

,1 
1 

, 

1 

PIOURE 17. JOB PLOTS lOR,ln-PAR SYSTIM. 

C.11 1-c.. 0 500 NI. 0 520 lUI. 
t 

a) pK 4.0 • CT • 4.0 x 10.5 N. 

b) ,pH 5.0 • CT • 4.0 x 10-5 M. · 

c) pH 8.0 • CT • 2.0 x 10-5 M. 

\ 

• denote. .toichio •• tric èoncentration of copper 

L denote. .toichiomet~ic concentration of PAR 
1 

,CT • M + L \ .. 

! ' 

lOS 
\ 
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(XVII) 

ZnP + (XVIII) 

Above pH 8 hydrolysis of free zinc makes it necessary to 

take into consideration the d!fferent zinc-OH species (see Fig. 

11) present. The reactions proposed at those pH values are not 

pH dependent, a conclusion that ia evident !rom the pH­

absorbance curvea (Fig. 15) in that pH reglon. 

Zn( OH)2 + HP­

ZnOHP- + HP-

= 

In the zinc system the simultaneous occurrence of several 

reactions makes i t impossible to evaluate the equilibrluRI 

constant for each of the reactians involved. An attempt was 

made trom the data for pH 8. to evaluate the K valuest but the 

great number of zinc species ooexistlng makes the system 

highly complexe 

Under the assumption that reactlons XIX and XX are the 

only ones taking place at pH 8. a value of K* was calcu1ated 

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

the overall constant for reactions XIX and XX. The value 

obtained was 1.3 x 1014 • 
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FIGURE 17. DISTRIBUTION DIAGRAl-' FOR THE DIFFERENT 

SPECIES OF ZINC AS A FUNC Tl m: OF pH (34) 

[zn++] 
[zn] T 

[Zn OH +1 
[Zn] T 
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The values of K found for reaction XIX and XX waret 

Ka c 2.3 x 107 • and K9= 4.35 x 106 . These values were obtained 

by uSlng the pH-absorbance graph data, and under the following 

assumptions t 

o 1) when the concentration of ligand is smaller than that of the 

met~ concentration, the main chelate formed ia ZnOHP- and the 
, 

R 

amo1nt of ZnP2 ia negligible. 

2) .hen the concentration of ligand ia twice or more than twice 
./ 

that of the metal concentration the main chelate species ~n 

8o~ution Is ZnP2- andyother non-hydr9xo PAR apactes are 

negligible. 

The equatlons used to obtain Ka and K9 were obtained by solving 

the appropiate mass-balance equations. 

[ A - "HpCt ] [ "znOHP - "Hp] 
Ka = ------------------~~~--------~'----------

[CL"znOHP - A] [C .. ("z~OHP - "HP> - A + "HPCt] 

["HP (Ct - c .. > '- A + ~ .. aznOHP] ["HP - "znP 2 + "znP ] 

K9= [ ~P (2C ... - Ct> - CII"znP
2 

+ ~ A + "znP
2 

(C .. - 'Ct > + "znP(Ct -2Cm>] 

1 
1 

The molar absorptivity of ZnP2= was evaluated from the data 

obtained by Nolar-Ratio method at pH a, and 9. The value 
4 -1-1 obtained was 7.7 x 10 I-m ca • ~or the molar absorptivity of 

~nOHP-. it was assumed to be of the order of half &znP which 
2 

proved to be correct in the copper syste.. Therefore the value 

Ga 

1 
1 

1 
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The values obtained for the equi1ibrium constants of 

reactions XIX and XX showed that one of the assumptions used 

for their 

aagnitude 

evaluation is not correct. Given1the order of 
1 

16-of K9, (4.35 x 10 >, the amount of ZnP2 formed at 

10w concentration of ligand is not negligible. Using the 

value obtained for K9' a better value of KS can be calculated 

which takes into consideration the amount of ZnP2= present in 

reaction XIX. The corrected value obtained for KS was ).2 x 10? 

From the values obtained for KS and K9 and the proper 

maas-balance equations it ls possible to predict a titration 

graph at pH values above S. Using equation 13 the calculated 

'absorbance at pH 8 waa evaluated. The re~ult8 obtained are 

compared w1 th the observed resul ts ip" Fig. 18b • 
~. 

a(HP-» + b(HP-)2 + c(HP-) + d = 0 (13) 

a = -KeK9 

b c -KeK9 (CL - 2C.) - Xe 
, . 

c c KS (CL - C.> - 12.42 

d = 72.42 CL 

Tltration curves for zinc at different pH values are shown 

in Pige lBa • At pH 5· and 6 precipitation occurred when excess 

of PAR was present. At pH 5 this phenomenon .. 8 observed after­

the solution had been standing for some tiae (approxiaatly one 

hour).,At pH 6 the precipitation"8 i .. ediatel therefore at 
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PIGURE 18. TITRATION GRAPHS FOR ZINC AT 

DIFFERENT pH VALUES. Zn = 1.0 x 10-5 JI. 

PAR = 1.0 x 10-3 M. l-cm celle e 500 nIIl. 

a) pH.values 4. 5. 1. and 9 . 

b) pH 8, Zn = 0.76 x 10-5 M. The arrows indicate 

calculated pointa by use of equation 13. 

Ifhe nWlber w1 th each ti tration graph ia the 

PH value for that solution. 
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., 
6, it Is not possible to do a tltratlon. The formation of a 

precipi tate suggests the existence of t naw s'PIcles in that pH 

range. 

An analysis of the titration graphs at different pH if 
values showed that the best pH for the datermination of zinc ls 

at a pH greater th an 8, where a sharp break was obsarvad at the 

end point. Moreov~r the hlgher absorptivity of the specles 

present aboya that pH allows lower limits of detection. 

The values of the equilibrium constants evaluated for the 

tine-PAR system are given in Tabla XVII. 

'l'ABLE XVII 

SUMMARIZED VALUES OP RQUILIBRIUM CONSTANTS EVALUATED IN THE 

Zn-PAR SYSTEM. 

log K Equilibrium 

7.S Ka 
[znOHP] 

1: 

[zn( OH ~2] [HP-] 

6.64 K91: 
[znP2 -] 

[znoHPj[ HPJ -": , , 

l.S fitr&tion of Mixtures. 

Once the study of each aingle .etal-PAR system was 

/' 
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completed, it was possible ta make the determination of the 

mixture of mataIs. It was observed in the three systems that 

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

absorptivi~ies than the ones present at lower pH values, this 

allowed the determlnatlon of lower concentrations of the metals • 

In the case of the copper-PAR system. the presence of CUP2 
.: 

in significant amounts at PH 9 or higher. makes pH 8 the b&$t 
. , 

choice for the determination of copper. The deteraination could 

also be made at pH 9 or 10, but the amount of ligand used at '~, 
these pH values la larger in order to have a complete reaction, 

the determination is more time consuming, and the system more 

complex in presence of other metals. From pH 2 to 8, s~p 

breaks are observed and copper can also be titrated at any given 

pH in this re.nge. From pH 4 to 1. there la an equilibriull be"tween 

the two species present and small changes in pH' cause a large 

change in absorbance. This makes the use of pK belo. 4 more 

auitable than from pH 4 ta 1. because then the solutions need 

not be buffered. Even then, the higher absorptivity at pH=8 

.. kes it th~ preferred choice. 

It was obsaroed in the .4"'-.q ... ~ ste. ·tbat although -the 

chelate starts ta fona breaks were l'ot obtained 

until lower hydrogen-ion concent ion was present (Pl above 8). 
1 1 

" the non-equilibrium of /the sys Il at aoae pH values .. de pH 8 

the best choice •• here. the bsorbance readinga in a titration 

re_fned constant for e tirst 24 bo.1rs (see Pige ). 

1 ., 
1 

1 , 
" 

\ 
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Por the line system the best pH for the determination _.s 

above 8, at pH 4 and 5 even wh en formation of chelate -as 

observed, it _as not possible to\ obtain any break. At pH 6 the 
.J. ' i .. ediate formation of a preeipitate dots not al10w any 

determinationl besides, the high coap1exity of the system .. kea 

the evaluation of the stabili ty constants illpossible at pH 

lower than 1. 

Prom the above discussion of the syst.as,·it .. a 
GJ 

coneluded that the best pH for the determination of the 

.ixture of metals was pH 8. A titration'at that pH is shown in 

Fig. 19. Just wo breaks are observed in the graph, which agne 

with those expected. fhe tirat break corresponds to the copper 

and linc having beeh titrated together to fora CuP ind ZnP2~' 

and the second break to the lead having been titrated to fora 

PbP. The relevant fomation consta.n~a arel KauP 1: 5.1 x 108 

. 1 6 6 
ICznOHP- :: ).16 x 10 • KznP 1: 4.35 x 10 • and KpbP ~ 0.1 x 10 

2 
(evaluated trom the titration graph). Purther the relevant 

abBorptivities are ).9 x 104 for CuP, 3.9 J 104 for ZnOHP; , 
4:: 4 1.6/ x 10 for ZnP2 • and ).4 x 10 for Pb • The increasing 

part of the curve aner the last break corresponds ta the 

~o~tion of CUP2:: (KcuP
2 
~ 1: 8.2 x 10-6, lIcuP2 :: 1.6 x 104 ), 

~o prove this even turther, titrations ot aixtures C~Zn 

and Cu/Pb at pH 8 were _de. 'l'he graphs' ob"tained are shawn in 

Pipe 19.b and 19c. In the first case a single break corl't!sponding 

to ,the aixture ot/Htals la obtained. for Cu/Pb .1xtures WO 
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FIGURE 19. TITRATICN GilAPHS FeR THE MIXTURE OF 

-3 \ ..,ETALS. PA.~ = 1.0 x 10 M. l-cm celle A ,00 nm. 

.. a) CU/Pb/Zn Nixtures 

1) pH-2 -, 
Cu = 1.0 x 10 M. -, 
Pb -= 1.0 x 10 M. -, 
Zn = 1.0 x 10 )'t. 

2) pH-8 1 ... , 
Cu = 0.5 x lb . M. 

Pb a= O., x 10-' M. 
Zn =.0.5 x 10-',),1. 

b) CU/Zn lf.1xture st pH-8. 
1 '-5 Cu ':: 0.485 x 10 M. 

Zn = 0.,385 x lO~ J.l. ' 

\ 

c) CU/Pb J.~ture at pHaSe 
-5 Cu = 0.97 x 10 ),1. 

Pb "-. 0.97 x-10-5 .:. 
r 
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two breaks, one for each metal, are observed. 

Since at pH 8 i t was not possible to determine the 

separate concentrations of copper and zinc present together, 

it was necessary to repeat the determination at another, more 

suitable pH. Therefore, the copper concentration was evaluated 

at pH 2, where zinc and lead PAR chelates do not forme Once 

the concentration of copper was known, i t was possible to 

calculate the zinc concentration trom the ove raIl concentration 

of the mixture determined by the ti tration of i t at pH 8. 

Two methods were used for the determination of the concentration 
1 

of each metal in the mixture: 

1) A sample conta ining 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 detertlline the end point for copper. 

The pH was then increased to 8, the sample diluted to twice its 

volume in arder 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 ti tration 

continued to past the end points first for copper and zinc, 

and finally for lead. A graph with the results obtained by this 

procedure 18 shawn in Fig. 19a. 

2) T'wo separate determinations were made, one at p\ 2 for copper, 

and a second one a t pH 8 to determlne the end point first tor 

copper plus zinc, then the end point for lead. 

J . 
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Of these two procedures the second one proved to ~e the 

better one. The first one is more elaborate and requires more 

hand1ing of the sample which can produce larger errors. Besides, 
1 

the short number of readings that can be taken after the copper 

end point before adjusting the PH trom 2 to 8, are too fe. to 

be able to determine the copper end point very accurately. 

C~pper could be determined from pH 2 to 2.7 without 

interference from zinc and lead, even when these metals were 
o 

present in high amounts. Determinations of copper were made in 

the presence of 100 fold exceSB of each of the metals without 

any effect on the resul ts. This allowed a Iii range for the 

1 , 

i 
1 
1 

determination of copper in mixtures wi th high concentrations of 1 
lead and zinc. If lead and zinc were present in lower 

concentrations (PbIZnl'Cu = 1011011), the determination of copper 

can be _de up to pH 5 _1 thout any interference. 

In order to observe the precision and accuracy of this 

.ethod, a deteraination of a 8amp1e of Cu-Pb-Zn mixture -as 
~ 1 

repeated four times. 'l'he results are given in Table XVIII. 

They show that the ~curacy and precision of the lIethod are 

good. The determination i8 fast and i t has the advantage 

of being in water. , 
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'l'ABLE XVIII 

REPLICATE ANALYSIS OF A MIXTURE OF COPPER(II), ZINC, AND 

LEAD IN AQUEOUS SOLUTION AT 250 C, BY SPECTROPHOTOMB'l'RIC 

TITRATION WITH PAR • ... 

Concentration of PAR. 1.0 x 10-3 M. 

Volume of solution: 50-ml 
1 . 

Wavelengths used: 520 nm for PH = 2, 500 n. for pH = 8 

Concentrations of metal takenl Cu - 0.999 x 10-5 .. 

Ji{ Volume of titrant 

Zn = 1.020 x 10-5 .. 

Pb = 0.999 x 10-5 M 

aean Standard 

126 

, .-

used. concentration deviation 
of meta~ found x 105 

1'0 first To second .. x 10 5 1 

enp point end point 
ml .1 Cu Zn Pb Cu Zn Pb 

2 0.098 

2 0.098 

2 0.098 

2 0.099 
.98 005 

8 0.150 0.250 
\ 

, 

8 0.150 0.249 , 

8 0.151 0.250 

8 0.152 0.251 

1.02 0.99 .Ol<J .OO! 

; -
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DISCUSSION 

the analytical method developed for the deteraination 
\ 

of copper. lead, and zinc in mixtures proved to be precise md 

accurate. 

Spectrophotoaetric titrations of .etais with PAR are 

Tery sensitive in the visible region of the spectrum. ~e aolar 

absorptivities of the co.plex are of ~he order.of 39000 l_.-lca-l 

for •• PAR complexes and 77000 1_.-lc.-1 for the N(PAR)2 1 

complexes. 

As ·the concentration of .etaI chelates used for the 

evaiuation of the equilibrium never exceeded 2 x 10-5Î~~ 
the activity coefficients of the matal chelates were taken in 

aIl cases to be uni ty. 

'here are disagreeaents in the literature, on the 

atoichiometry of complexes of seve raI .etals at the different 

pH Talues. Hnilickova and Sommer (17) reported that in an acidic : 

+ solution of a divalent lleul the species JUiP f01"lls, whereas 

in altaline solution .(HP)2 for.s. Nevertheless, species of the 
" tYPe NP have been reported to be present in alltaline solutions. 

D~8erepaneie8 found in the literature for the PI range in .hich 

the .pecies reported in this .ork are significa.nt are giyen in 

!'able XIX. 

The existence of the different chelate .peei.s in the pH 

r&n«e ahown in -"able XX _8 observed in the present .ork. 

1 
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Due to the di~ferent species of PAR that co-exist in 

solution, the reported values for the stability co~tants of 
1 

the chelates vary according to the PAR species used in the 

chemical equation. The stability constantaof several matal 

complexes are shawn in Table XXI. The stabi1ity constants 

reported 

TABLE XIX. SOME PHYSICOCHElflCAL DATA FOR JŒ'l'AL.PAR CHELlTES 

.etal N.L Absorption pH Reference 
ion. mo1ar ratio .ax. 1111 

eu(II) 1.1 520 2.)-5.0 17 

1.2 510 5.0 17 

1.1 517 ).2-10 21 

1.1 19 

1.2 19 

Pb(II) 111 517 10 21 

1.1 520 10 26 
~/ 

1.2 19 

Zn(II) laI 10 ! 21 

112 r 
495 8.0 17 

1.1 19 

1.2 19 
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TABLE XX • pH RANGE OF PREDOMINANT M. PAR SPECIES IN AQUE9US 

SOLUTION. OBSERVRD IN THE PRESENT WORK. 

) 

Specie JhL IAbsorption pH 

.o1ar Ratio 1IIlX. na 

CulIP+ 1.1 500 1.5-4.0 

CuP 111 500 7.0-10 

CuP2 
= 1.2 500 9 

PbHP+ 1.1 520 4.5 

PbP -'1 520 6.0-1.5 

ZnHP+ 1..1 490 2.8-6.0 

.' Zn(HP-)2 1..2 490 2.8-6.0 .. 
ZnP

2
: 1..2 490 8 

A8 che1ation trequently occura at pH Ya1ues lower than 

those at which the two hydroxyl groups or PAR 1.ose their 

hyclrogen, protons are excbanged for _tal. in the ortho hydroxyl 

group. -The 8pecies whlch chelates i8 (1). for whicb the 

diBsociation constant 18 unknown. 

CorBini (JS) took thi. into account and _de a correction 

to the values o~ the equilibriua ConstantB rePorted in the 
, 

. litera ture for the .tal.-PAR che la tes. 
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TABLE xn • STABILI'Ji'Y CONSTANTS OF seME PAR CHELATES. 

~eta1 ion log IS. log KI·· log X2 Re marks Referehce 

Cu(II) 14.8 2.5 9.1 Potentiometry 19 

vater 

16.4 4.1 8~9 Potentiometry 19 

1: 1 dloxane 

11.7* Photometry 21 

·17.5 5.2 20.7 Photometry 21 

Pb(II) 12.9 0.59 13.7 Phot?metry 21-

6.5 Photometry 25 

Zn(II) 10.5 6.6 Potentiometry 

vater 35 . 
12.4 0.1 ' Il.1 Potentiometry 35 

12.6 0.3' 12.7 Photometry 35 
~ 

• Tbe PAR 
\ - Th~re1"ore 1 spec1es cons1dered 1s P- • 

[MF] 
!:t[H1~] 

•• Co~rected value by app1ying Cors1nl's correction: 

0 Cl . lA" laI 
-'. .~. \. 1 ~ °e 

e .1 1 
, 

(II) {Il 

·1.Le .S.L 
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Corsini assumed that the value obtained for the 

dissociation of II to III was the same as the value for the 

131 

dissociation of PJL~ to l, and he based this assumption on the 

fact that the dissociation constant of the ortho hydroxyl group 

vas very close to the corresponding one for PAN, therefore he 
. 

came ta the conclusion that the ionization of the para hydroxyl 

group had no effects on the value of the ortho pKQH • 

In order to check the correctness ôr the chosen model at a 

given pH in the present work, the following derivations ~re 

made; considering the ~elationship of reactions l and II a value 

can he obtained to prove the correctness of the assumed I!lodel. ; 

K:La ••• (1) 
_ [CuHP~] [H~] 

(II) ~ •. [CUit) [H2P] ••• 
. ' 

\ 

Kal-
[H2P][H~ 

IH:!1 t • 

I~ [a~][~p] 
:Ka1 -& 

[ H3P+] .~ 

P1taI - plt1 - P"2 

plCal=--1.43 - (..I,..08)=2.6S 
1 

.' ., 
~ 
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/ 
o 

l) 

1 
/ 

/ 

The I1terature value for pKal 1s 2.66; the agreement 1s 

therefore Gxcellent and the ehemical mode! 1s good. 

Check on K3 and ~ in the copper-p~q system: 

[CUHP+] ~TJ 
~ [Cu~1"]~2Pl 

~] [H+] 
)(3- [CuHPj 

[CuP] 
~- [cuoHj [HP-J 

K3 _ [H J [HP-] [euOH+] 
Ky ~ - K2 [eu++][H2PJ [Olr] 

~-

[Cu+i~H-] 

[}ft] [HP-] 
[~p] 

P~= pK~ + P~ + PJG. - P'""2 - P~ 

px:., = 5.48 .. 14.0 - 8.76 + 4.08 - ~06 

- 1 

!he IJlterature value reported by Pert1Ji (21.) 1s pxr 8. 

t'be -value 15 not ~preclsely. !he agreement 18 sutf'lclentlY 

good to support the ~mi.eal mOdel chosen. 
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The procedure vas the same for the lcad-P~~ system; the 

relationship o~ reactions vi~, VIII and IX vas considcred: 

'Sr [PbHP+] 

[PbP] [wj 
K--:l~~~~-

3 [Pb;][HP-] 

K ' [HP] [H1 
d [~pJ 

(VII) 

(VIII) 

. 
(IX) , 

• 

1 1 
!he value Q~ta:ined (pY'"a2 5'.5) ls in good agreement vith the 

the literature reported value (pKat= 5.48). 

'-
~ applyirig Corsini's suggestion the corrected values of 

K reported on the literature are compared vith the ones obtained 
1 

~ 
1 

in thls ~rk. Re sul ts arc shovn in Table XXI.For the zinc-PLtt 

system the ";lues bf· the equ1!lbriwr constants reJorted so tar 

in the litera,ture, correspond to the formation of ZnHP and Zn(HP)2 
( 

chelates, wbich takes place ln the acld pH range, and vas 'not 
. 

evaluated in tMs vork. , 1 
.) • c,. 
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• REPORTED VALUES OF M-PA..'=t SYSTEfI.s IN THE LITEiUTURE AS 

CCJ.tPARE WITH THIS wcruc. 

Kn This wok Literature Reference 

[CuHPi[H1 
~F++][H2P] 

' 4-.08 S.l 23 

Kr [cupJ[ Hi -,.08 -s., 17 ' [CuHP+] 

[PhEP-t] [ H+] 
~- (ptt· I~p] .0.5 0.,9 23 

, . 
1 1 1 

1 
) 
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Appendix l 

ABSC'RBArcs VALUES OBTAIJ!ED Br THE CCfJrIl':1TCUS VA.~IATIOli 

METHOD • 

• 
A) Cu-PAR system 

pH 2.1 Table l 

pH 8.0 Table II 

pH 10.0 Table III 

B) Zn-PA.."l system 

pH 4.0 Table' IV 
., 

pB ,.0 'table V 

- 1 pH 8.0 Table VI 

Il Conc. or metal . --------------------------
M + P Conc. of metal " èonc. 'of PAR 

~ 
Both concentrations are stoich1œ.etric vaJ.ues • 

1 

!he,llUl!lbers 400, 5'00, 510. 520 at the headS' ot the 

135 

collBlDS o! absorbance ~ues. are the vave1engtbs iD Dm. 

.. 
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0 TABLE l f l', 

v 
Absorbance values obtained by the Continuous Variation 

, 
Method for copper-PAR system at pH 2.1 • 

( 
"-

\ 

Solution 
MI MfP SOC 510 520 

lfumber 

.4 

1 0.05 .031 .03 .03 1 

2 0.1 .061 .062 .062 :!! 

3 0.15 .092 .096 .096 

If. 0.20 .123 .129 .129 , 

S 0.25 .152 .16 .16 

6 0.30 .181 .191 .191 

7 .. O.ltO .23'" .244 .244 \ f 

8 0.5'0 .27 .273 .273 

9 '" 0.60 .231 .21f. .24 . 
10 0.70 .111 .181 .187 

/ 

11- 0,80 ' .121 .127 •• 127 

l 
12 , 0.8~ .092 .095 .09S 
13 0.90 .06 .063 .063 

14 0.95 .029 .0)2 - .032 

" 
. \ 

t 
0 

J 
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TABLE II 

i 

Absorbance values obtained by the Continuous Variation. 

Method for copper-PAR system at pH 8 • 

Solution 
M / M+P 500 5'20 

~ber 

1 0.05 .046 .034 

2 0.10 .093 .073 

3 0.15 .142 .11 

4 0.20 .19 .148 

5 0.25 .236 .186 

6 0.30 .275 .227 

7 0.40 .368 .305 

8 0.5'0 .409 .344 

9 0.60 .347 .282 

10 0.70 .256 .217 

11 0.80 .174 .148 

12 0.85 .134 .11 

13 0.90 .093 .075 

14 0.95 .05'4 .035' 

.. 
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TABLE III 

Absorbance values obtained by'the Continuous Variation 
• Method for 

Solution 
6-

Number 

1 

2 

3 

4 

5 

6 

7 
8 \ 

9 

10 

II 

12 

13 
lit-

) 

1 

copper-PAR system at pH 10 • 

MI M-+-L 500 5'20 

0.05' .07 .05'2 

0.10 .139 .105' 

0.15' .203 .162 

0.20 .261 .205' 

0.25' .318- .25 

0.30 .35'9 .278 

0.40 .389 .)1 

0.5'0. .375' .)11 

0.60 .313 .25'9 

0.70 .237 .196 

0.80 .162\'" .136 

0.85 .125' .104 

0.90 .08Jf. .07 

0.95 .026 .022 

1 

! ) 

~, 

1 138 1 

1 
1 

1 , 
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TABLE IV 

Absorbance values obtained by the Continuous V~1ation 

Hethod for zinc-PAR system a t pH 4 • 

Soïution 
H / M+P 500 520 

Jiumber 

1 0.047 .139 .02lf. .018 

2 0.125 .236 .06 .01+5' 

3 0.25, .427 .119 .079 

lt .. 0.50 .409 .123 .081 

5 0.75 .208 .08 .05'9 

6. \ 0.875 .109 .046 .034-

7 0.95 .01+7 .019 .015 
1 

1 
--

\ 

1 

! 

1 \ 

\ 

139 

1 
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TABLE V 

Absorbance values obtained by the Continuous ~ariatlon 

Method for zinc-PAR system at pH 5 • 

Solution 
M / M~P 500 520 

lfumber 

1 0.047 
1 

.086 .04- .0)0 

2 0.125 .209 .106 .091 

3 0.25 .41 .206 .171 

0 1t 0.50 .399 .235 .195 

0.75 .197 .126 .10'+ 

6 0.875 • lm .066 .055 

7 0.95 .041 .021 .022 

f 
J 

1 

140 
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TABLE VI 

Absorbance values obtained by the Continuons Variation 

Method for zlnc-P~~ system at pH 8 • 

Solution 
M / M-f-P 510 ,20 

Jfumber .. 

1 0.0, .077 .07$ .05'3 . 
2 0.10 .15~ ;139 .103 

3 0.15 .227 .201 .152 

if 0.20 
J 

.296 .262 .198 

5 
1 

.368 .2lf.3 0.25 .326 

6 0.30 .426 ·373 .278 

? 0.40 .437 .38 .27 
8 0.50 .385 .333 .225 
9 0.60 .315 .274 .18 

10 0.70 ~21 .216 • lit-

0.80 .1"7 11 .168 .095' 
12 0.85 .~8 .112 .073 
13 0.90 • oBIt .012+ .01+8 

lit- 0.95 .0lf.3 .038 .02; 
1 

'-

1 

---/ 

1 

1 
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Appendix II 

ABSORBAi:CE V ALC'ES AS A Fm~CTICl': OF pH USED FCl TEE 

EVALUATl('I~ O!" THE EQUILI?Rlm cor~S'l'AJ:TS. 1 
1 

A) Cu-PA..ll system 

400 nm Table l 

500 nm Table Ir-
f' 

510 nm Table III 

520 Dm Table IV 

B) Pb-PAR system 

)~nm Table V 

seo Dm Table VI\ 

510 Dm Table VII 

520 Dm Table VIII 

c) Zn-PAR system 

lfOO Dm !able X 

SOC Dm Table XI 

SlO nm 
! 
Table XII 

1 
\ 

S20 nm Table XIII 

l'l, 

\ 



\ 

e 

TABLE l 

Absorbance values for the eva1uation of equi1ibriua 

constants in the Cu-PAR system at 400 ~. 

Solution 1 2 3 4 5 6 1 

A A A A A A A 

1~0 .102 .208 .312 .418 

1.5 .094 .194 ,' •• 291 .393 
>- ",",,' ,..,,' . 

2.0 .. 084 .161 .263 ..365 
1 

2.5 ,068 .145 .241 .344 

3.2 .011 .142 .24 \ .342 

3.9 .061 .135 .23 .327 
",_.i?l* 

4.5 .065 .119 .215 .315 

5.0 .0381* .092 .20 ! .315 

5.5 .028 • 056 .1 82 • .316)· 

143 

6.0 '4* .021 .043 .184- .331 • 649 
... 

.9811- 1.Z6 

~.5 .018 .036 .1835* .34 
~ 

6* 
1~r .016 .035 .118 .339 .618 1.01 

1.5 .016 .0)2 .168 .32\ 
8.1 .011 .044 .116 .985 .311 .65 



o 

. . 

9.0 

10.0 

11.0 

12 

1* Ji{ = 5.2 

2* pH = 5.4 

J* pH = 5~ 7 

4* pH = 6.) 

5* pH = 6.4 

6* pH = 6.9 

7* lii = 8.1 

'l'ABLE l (continued) 

.019 

.016 

.017 

.018 

.0)) 

.0)4 

.0)4 

.0)) 

.108 

.089, 

.086 

.086 

.227 

.19 

.165 

.16J 

.547 

.48 

.476 

, . 

144 

.859 1.78 

.82) 1.19 

.81)/ 
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TABLE II 

Absnrbance values for the eva1uation of the equil1brium 

constants in the Cu-PAR syste. at 500 na. 

Solution 1 2 4 5 6 7 

A A A A A A A .. 

1.0 .028 .0575 • 08? .117 

1.5 .043 .083 .12 .155 

2.0 .069 .123 .165 .199 

2.5 .074 .144 .18 .208 

3.2 .082 .159 .188 .211 
" 

3.9 .087 .172 .~95 .212 

4.5 '.102· .199 .224 .. 241 

5.0 .1511* .27 .291 .304 

5.5 .1,.15 .3'3 .. 345 • 38r* 

6;0 .1943* .178' .396 .409 .426 .452 .465 
1 

6.5 .194 .388 .417 .425 

1.0 '1 189 .)8~· .428 .445 .. 453 .. 416 .. 492 

1.-5 .188 .)85 .431 .446 
! 

8 .. 3 1 .. 198 .38 .JJJ? .1l1? .5055* .5425* .. 5615* 

--------..........., 
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e 

9.0 

10.0 

11.0 

12.0 

1* lii 

2* ]il 

J* ]it 

4- pH 

5* 1iI 

TABLE 

.196 

.20) 

.202 

.205 

, 
= 5.2 

= 5.7 

= 6.3 

= 6.9 

= 6.1 

1 

146 
111 continued) 

.J9 .50) .56) .615 .652 .681. 

.40 .52 .61 .682 .717 .755 

.395 .51 .612 .6à2 .144 .783 f9 

.40 .525 .6) 

! 

/ ' 

• . , 

( 

\ 
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TABLE III 
/ 

\ . 
Absorbance values for the eval~a,tion of t~e equi1i~riua \ 

\ 

constants in the Cu-PAR system at 510 n- • 

• ----------~I-------------------------------------) 

Solution 1 2 ) 4 5 6 ? 

1ii A A A A A A A 

1.0 .0171 .0)4) .054 .07 

1.5 .0)6 .069 .096 .124 

2.0 .07 .12 .156 .181 

2.5 .078 .148 .179 .. 197 , 
).2 .086 :166 ~,19 .20)-

).9 .091 .181 .199 .211 

4'.5 .104 .204 .226 .2)1 

5.0 .1471* .268 .285 .295 

5.5 • 16s2*, '.)21 .))1 .)61)* 

6.0 .1854* .)6)5* .J76 .)87 .)99 .421 .428 

~ 6.5 .18S .)7 ~ \ 6-.)9 .40 l' 
.405 

1 
.422 .411- .4~ 1.0 .18 .)? .41 

7.~ , .181 .3? .41 ,.421 
\ 

8.3 .19 .)6 .41 .4421* .462 .485 .509 
/' 

~~ -~ ~~---~--------------------------
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1 

.. 

9.0 

10.0 

11.0 

12.0 

1* lki :: 5.2 
1 

2* pH 1= 5.6 

J* pH :: 5.7 

4* Jii 8: 6.3 

5* pH = 6.1 

6* }fi ,= 6.4 

7* pH ::: 8.1 

\ 

!ABLE' III (continued) 

.19 .379 .471 .516 .551 

.. 191 .. 388 .481 .548 .604 

.196 .388 .48 .. 54 .621 

.196 .J9 .488 0568; 

! 

• 1 . 
1"8 

,# ,. 
.577 .. 596 

.633 .662 

.653 .686 

1 

1 

1# 
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TABLE IV 

• 

Absorbance values for the eva1uation of the equi1ibrl~ 

constants in the Cu-PAR syste. at 520 J'l1Il. 

Solution 1 2 3 ~ 5 6 7 

pi A A 1 A A • Jo A 

1.0 .008 .022 .0)) .045 

1 • .5 .032 .0.58 .083 .104 

2.0 .. 069 .118 .148 .168 

2.S .078 .147 .17S .18.5 

3.2 .086 .167 .186 .193 

3.9 .089 " .177 .191 .199 

4.,5 .098 .194 .211 .217 

S.O • 1281i .~37 .249 .256 

S .. S .1141 .. 27 s2* J* .27 .. )06 

6.0 .lS14* .298 .31 . .318 .))3 .)42 .. 3S 

6.5 .152 .)05 5* .. )2S- J .33 

1..0 .149' 6* . 
• 304 .3J .)4) .356 '.37 .371 

7.5 1 .149 .304 .3J8 .)48 
~ 7* 8.3 .1SS .304 .337 .353 •. 377 .395 .411 
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o TABLE IV (continued) 

1 

~~ ... 

9.0 • 155 .)12 .)9 .425 .455 .476 .677 

10.0 .164 .)22 .404 .455 .505 .52) .5)5 

11.0 '.162 , .)22 ... 40 .466 .515 .542 .562 

12.0 .164 .)2) -.406 1 .471 

1* lit = 5.2 , 
Z* "}if = 5.4 

)* tfl = 5.7- ! 
1 

4* lit - 6.) 

~ 5* lii = 6.4 
'\ 

6* pi'= 6.9 

7* Pl = 8.1 

.. .' J 
" 

Il • 

. 1 

1 
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TABLE V 

, 
-

Absotbance values for the eva1uation of the equil1br1um 

constants in the Pb-PAR system st 400 ruD. 

i, .. 
Solution 1 2 3 

pH A A A A 

3.0 .099 .20 .302 .401 

lt.O .093 .189 .285' .38 

5'.0 . 00r~ ,1962 • .298 .401 

5'.6 .092 r ,20 .319 .438 

6.0 .0813• .1834-· .31lf. .462 

6.5 .06 .168 .295' .lf.4 

7.0 .0425'· .129 .258 .42 

7.5 .032 .11 .25' .42 

8 .. 0 .024- .09 .236 .1+0 

9.0 ,027 ,11~ .26 .39 
1 

.2lt8 .3lt 10.0 .022 .09 
11.0 .029 .107 .23 

12.0 .01+3 .12 .219 

1· pH - 1.2 ... pH - 6.2 
, 

2* pB .- ".1 ~* pH - 7.1 

3* pH - 6.1 

... " 
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TABtE VI 
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Absorbance values for the evaluation of the Equilibr1~ 

~onstants in the Pb-PAR system at ,00 nm. L 
Solution 1 2 3 1t-

pH A A A 

3.0 .022 .04, .067 .090 

1t-.O .019 .04 .061 .082 

$.0 .0431 • .072* .092 .112 

S.6 .054- .094 .12 .138 

6.0 .08S3· .1424* .1763* .189 

6.6 .118 .17 .22~1 .21t8 

7.0 .141"· .232"· .278 .294 

7." .1"3 .26, .31it .327 

8.0 .16" .298 .33 .341+ 

8.8 .16,. 
\ \ 
.21it .312 .331 

10.0 .168 .29, -334 .3"8 
• 

-l'l.o .1n .29" . ., .38 
Cl '~, 11.8 .1l,6 .273 . ~ .a.]I+ 

,-

1* pH - ';.2 ... pH - 6.2 ....P' 

2. pH - 5'.1 S. pH - '1.1 

3. pH - 6.1 ' --
/, 

,. 

;-

.~ 
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TABLE VII 

j 

, 

Absorbance values tor the evaluat10n of the equ1l1br1um -

, constants in the Pb-PAR system at ,10 nm. 1 

Solut1on 1 2 3 

pH A A 

3.0 .013 .026 .01+- .053 

..... 0 .01.... \ .031 .I~') .06 

5'.0 .olt
1

• .0662• .os') .10 

$.6 .-<>,..... .09 .... .117 .131 

6.0 .OS3$ .11+7~ .182 .19 '" 
~ 

6.5' .117 .178 .238 .2~7 

7.0 .15'5'$ .21+6 .296 .308 
"1 7.5' .171t .282 .33" '.31t-8 \ 

8.0 .177 .318 .3~1 .)65' 

9.0 .176 .29'" .33 .31 
10.0 .177 .306 .3"3 .)68 

~ 11'.0 If 
1·17~ .)0 .3~~ ,.)86 

" 

12.0 ~la.o , .273 .323 .~ 

1. pH .. ".2 ' .... pH - 6.2 

e 2- pH - ".1- ,- pH - 7.1 
" 

3- pH - 6.1 " 

*' •. 

) 1 

~ \ 1 1 
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'tABLE VIII 

'jP Absorbance values for the evaluation ot the equilibrium 

constants in the Pb-PAR system at ~20 Dm. 

Solution 1 2 3 

pH 

3.0 .007 .01'+ .022 .02<) 

"'.0 .01 .022 r- .032 .042 

$.0 .037 .060 41107~ .088 

'" $.6 .0$2 .08? .109 .121 

6.0 .0781• , 2* .ll+lf: - .177 .19 

6411~ .~19 .176 .232 .25'3 

7.0 .1"- .21+5' .293 .306 
7.'5 .17'+ .281 .332 .)lt-" 

'1 8.0 .176 .31" 4113~ .)64 

9.0 .116 .291 .32 411~'5 
, 

10.0 '.175' .31 .3" .361 ~ 

\ 

u.o .173 .308 .~~ .36' 
12.0 .137 .2"3 - .323 .38 

1- pB - 6.1 

'j 
~ pH - 6.2 

--

1 
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TABLE IX 

Absorbance values for the eva1uation ot the equil1brium 

constants in the Pb-PAR system tor aM: L ratio 100 s 1 • 

Absorbance ~20 

pH nm 

3.0 .187 .067 .O~2 .01+1 

3.5' .16 .097 .092 .082 

4.05' .137 .129 .129 .121 

4.S .129 .141 .11t2 .136 

~.O .l22 .1"3 .1"" .11fS 

-'.'1. ~U3 .18 .184 fi .178 

\ 

.. 
" 

1 
, . 

\ 

~.-

1 

1 
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Absorbance values for the evaluation of the equ111brium 

constants in the Zn-PAR system at ~ nm. 

Solution 1 2 3 

pH A A 
i 
1 

3.0 .101 .202 . .303 .!f03 

"'.0 .• 098 .197 .29lf. ·391 
lf..5 .106 .213 • 31S1

- .4231
-

5.0 .106 .213 .321 .428 

5.5 .111 .225' .33lf. .. 1+52 
6.2 .092 .199 1 1 .317 .1+3 
6.7 .067, 2- .2~ .3823- , .1~8 1 

7.0 .0,-3 .122 } .20lt .30~ 

7.') .0Iflt .08~ .16 .2lf9 
8.0 .031t .06~ 1 .111 .201 

9.0 .028 .06 , , .092 .161+ 
-

10.0 
// 

.026 -1 .05'6 .087 .168 
/ 

11.0 .021 .ose .09 .' .l62 
' . 

12.0 ·03 .061 • ()9If. .139 ' 

1- pB - 4.6 

~ pH or ~.,. . 

3- pH -,6.6 

" 

~ 

~ 

1 

" 



4,. ~ ~ < •• 1-....... ----_________________ --------
1
-- '\'; 

.. 

e 

157 

4JABLE XI 

A~sorbanCe values for the evaluat10n ot the equl11br1um 

constants in the Zn-PAR system ~t $00 Dm. 

Solution 1 2 3 ( 

pH A 

3.0 .~ .• 046 .069 .()91t. 

• ottO 
) 

".0 .019 .061 .082 

".S .026 .OS2 .078 .106 

S.o .0)1+ .067 .097 .128 

S.S .OS3 .09$ .128 .17S 
6.0 .1031• • 17.p.· , .323 - -
6." • 14-32• .2lt1t .3383 • .38~ 
7.0 .167 .30& .lt22 .5'17 

7." .181 .363 .1t87 .603 
8.0 .19'1t .)8" .sse .72 
9.0 .197 ·39 • SB" .718 

10.0 .19 .388 .S82 .71S 
11.0 .1'" ·39 .S81 .718 
12.0 .1". .387 .~ .716 

J 

i 

1. pH - 6.2 3. pB - 6.6" • 
2. pH - 6.7 .... pB - 6.6 

... 

1 



1 
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TABLE XII 

Absorbance values for the eyaluat10n of the equil1br1um 

constants in the Zn-PAR system at 510 nm. 

Solution 1 2 3 

pH .l 

3.0 .~3 .027 .0000l, .05'lf. 

4-.0 .014- .027 .01f.3 .0"7 

4-." .021 .ot.2 .0621• .0821* 

S.o .02&-/ .0S6 .082 • lot. 

"." .0t.6 .082 .108 • lItS 

6.2 .089 .1'52 .199 .2.22 

t,.7 .123 .2112• .29 .3323• 

7.0 .11f6 .268 .368 .lflf.9 

7.'5 .1"" .3O'l .... 12 .S09 

8.0 .171 .338 .1t8l. .'579 

9.0 .114 .)It • SOl .611 ! 

10.0 .161 .337 .$q1 .608 

11.0 .172 .338 .50 .61" 
--12.0 .~ .337 .10 • 63?_ . 

1* pH - .... 6 

2* pH - 6." 

3* pH - 6.6 )/ 

, 
; 

i 
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TABLE XIII 

1 

Absorbance values tor the evaluat10n dt the equil1br1um 

• constant! in the Zn-p~~ system at 520 Dm. 
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Appendix III 

Data tor the construction of the Distribution Diagram 

ot lead as a tunction ot pH. 

The'species te consider in vater solutions (30) in 
... + 

addition to Pb are 1 

Pb (œ) 2+ 
3 1t ' 

-Pb(OH)2 '\ Pb(OH)3· 

2-,. a. + lt+ 
'!he spec1es Pb

3
(OH)1t, ,Pblt(œl)1t ,and Pb6 (OH)a can 

be négleeted at lev concen~at10hs ot Pb+" as cao be seen 

tram the equ111br1um constants reported by O1in (27). 

Tberetore, the on1)' species ot interest are' 

1) Pb++ 

2) PbOH + 

3) Pb(OB)2 

a,. ) Pb( OH) 3" \ 

!he equil1bria are' 
/ / 

1) Pb" .... ~O a, PbOH'" .. B + Il .. :: 1.6 X 10-8 

2) Pb"'''' + 2 œ; • 

u 

1 

~(~)2 

/ . ' 

lOC 11ft • ... -1.8 / 

/l2 • ~2 X 1010 

101 '/la • 1O.~ 
" 

,. 

1 . 
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"2) Pb-f:+ + "2 OH- Pb(OH) -J J. 3 ' ~3. 2,x 1013 

log '3 • 13.29 

Lets 

1 * 

l ' 

«0 
• 

• 

[Pb .. } +[PbOHj+ ~(OII)J+[Pb(OII») j 
[Pb .. ] + [PbOK+] + ~(OH)J 
~ ~ Pb., 

1 + + 

+ + 

• 1 + 

! 

1.6 s 106 I(OH) 
z 

+ 2.~ x 1010 (OH) 

ft. nl ... _ at 41tt.rnt If' nlu •• ~ ,oalculaw4 and t 
\ 

tabulate4 in ~.bl. 1 an4 in th • .,.aph .1&. 12 ( ..... 90). 

/ ' , . 



-J' ~A ..,. 

• , t • 

Cl • 
2 

Cl • , 

1 

(PbOH+] 
'{PI],. 

[Pb(OtI)J 
[nJ7 

(Pbl CIII) ,-] 

[~, 

, 

, .. 

\ 

.<, i 

/" 
/ 

,,/ 

" , :, ","." JI ' , • .' ; t 
J" ", ~; P';" • . ' , ... 

, ~, f}' 
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'fABLE 1 

Di.tribution value. of le.ci .peel •••• a tunetion ot Jff 
1 1 ~ 

pOl{ pt Cid 4 1 4 2 Cl) 

--- . " 
14.0 0 1.00 0 () 0 

~ 

10.0 4,0 1.0 0 0 0 

9.0 S.O 0.998 0.002 0 0 

8,8 S.2 0.998 0,002 0 0 

"',6- S,If. 0.996 0.004 0 0 

8,4 5.6 0;994 0.006 0 0 

8,2 S.8 0.990 0.010 0 0 

8,0 6.0 0,98) 0.016 0 0 

1.5 6,5 0.952 0,048 0 0 

1,0 1,0 0.86) 0.116 0 0\ 

6,9 1,1 0,834 0.166 0 0 

, 6,8 1.2 0.800 0,200 0 o· 
6,6 1,4 0.715 0.284- 1 0,001 0 

\ 
6.4 1,6 0,61) 0.'85 0;002 0 

',2 1.8 0.499 0.491 O,O~ 0 

l 
6.0 8.0 0.)84 0,601 0,008 0 

S.8 8,2 0.281 0,104 O.OlS 0 

5,6 8.4 0,196 0.171 0,021 - ° "-

S," 8,6 0.1'1 0,82, O,OfI.S 0 

S.O 
# • 

9,0 0.05) O,S,1 0,11S 0.001' 

",6 ,.,. 0,018 0,124 0.2S2 0.006 
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r "-ABLB 1 (continu.ct) 

1 
i 

1 -.,oH Pl 40 '41 4z 4) 
\ 

4 .. 2 9.8 o.oos 0 .. 517 0 .... 52 0.025 

3 .. 9 10 .. 1\ /.002 0 .. )11.0 0.593 0.066 \ , 
1 

\ 

3 .. S c;.S ~:I)O O.lSl 0 .. 66) 0 .. 185 ' 

) .. 0 ;lf 0 0)1»)1 0 .. 512 O .. "'Sl 
2 .. 6 11.4 ° 0 41 009 0.'08 0 .. 683 

~ 

2 .. 0 12 .. 0 ° 0.001 0 .. 102 0 .. 897 
1 .. 0 13 .. 0 0 0 0 .. 011 0 .. ", 

" 

.. 

1 

" 

,. i 
"- " 

1 

~ 

1 J 
\ 

1 " • 
-~ 

1 .. • . ~ -... 
'1 

e-- ,. . 
.. f· CI' 

'J 

1 
-; 

>' , 

/ 
, 

) 
,t 
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2) 

CLAIMS TO ORIGINAL RBSEARCH 

Â n.w m.thod ha. b •• n dev.lop.d tor th. quantltatlv. 

analy.l. ot mixtur •• ot copp.r, l.ad, and zlno at 

trao. l.v.l ln aqu.ou •• olution.-
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Trac. amount. ot oopper oan b. d.t.rmln.d ln th. pr ••• no. 

of lare' amount. of 1.ad and zlno. 

3) Th. toilowinc .y.t.lI' w.r •• tudl.d al ~ funotl~n of pH. 

Ou-PAR 

Pb-PAR 

Zn-PAR 

-

and t~. .qul1ibriua oon.i.nt. to~ th. 10110.1", ~.aotlon. 
1 

•• ~ •• valuat.d. 

. 

.. 

. 

o Ou"" • K,'· • OqH'· ... a K+ 

Ou.... • Ka" • CuH'· + '. K 

1 OuH,· • Ou, ", K+ 

,\; 

Ouf .. Kp· • CU'a • • K'" 
/ 

OuP .• ,. • our • 2 
, ,.,t+ 
1 

.,. Ka' • N'· ... •• 
ftKp~. -,., • .. 

o , 

. . 

.. 

! 

/ 

\. 

, " 

T 



0 Pb++ + Hp· • 
'Jo. 

Zn(OH)2 + Hp· • 

ZnOHp· +)0,- • 

.,.-' -; ,L.,.:: 
~i ,.'1, f 

,-; 
, " 

" , 

1 
" ' 

1 

Pbpl. 

ZnOHP-

ZnP • Z 

- -,. , , , 

ft'. "', 

H+ 

... 

• 
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KZO 

HZO 

. ' 

! 1 

" 

, , , 
.\ 

' .. 1 
1 
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J , 

8UGOESTIOIIS rOR PORTHER wou 
{, 

\ 

Thi. ha. be.n'an exploratory _tudy ta un4erat&n4 the 
• 

behaviour ot the metal-PAR .y.t._ in aqueou • ..sia a •• 

function of pH. A furtner and more 4-taile4 .tudy a.hou14 b. 

-.4. te have • complete exp1.nat1on of the aya~.m at every 

pB. It ta aUf9.ate4 that. 

l , , 
1 

1) *r. pointa be obtaiM4 with hith aocuracy for üe 

pB-~ftC. fr.PM 1 ip or4er to be .1. to 4eacribe 

.. ch .yatem .ore exaotly and ~. compl.tely. 

2) ne bahavLour of the .yat:.. I.,-.U ~n ~ pl 

J) 

ra",e '-7 be .pl.tua and the preoipitate J.4.ntifia4. 

~ equilibriua conatant. for the ayata. zn~AR 

bit ~aluat~ for the r.ac~1ou ilWOlve4 a~ ~ valuea 

below •• 

4) 'n1e .peei •• be 14enttfie4 aD4 t;be equtlibrtua 

con.tanta evaluate4 for the 'b-I'U ay.~ at ,. value. 

abov.". 

" 

, . \ . 

1 
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