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Abstract

The system 2-thetnoyltrifluoroacetone (HTTA),
1-(2-Pyridylazo)-2-Naphthol (HPARK), Copper (11) was
studied hy sbectrmphotomatry, in methanol-benzene mixtures
at lSOC., 25°C. and 35°C. Algebraic equations were derived

in order to calculate the apparent molar equilibrium con-

stants Kl' and KZ' of the chalate exchange rrnactions
Cu(TTA) 4+ HPAN==Cu(TTAPAN) +HTTA and Cu(TTAPAR) + HPAR=—
Cu(PAN)3+'HTTA in these solvente. The temperature dependence

-of thess constante was also deicrmined. In benzene K1' was

900 and this value decreaesed to 250 in pure mcthanol. In

benzene Kz' was 0.007 and it increased to C.600 in purc
methanol. These changes in the velues of K.' and K,' with

1 2

change. in methanol content of the methanol-benzene mixtures

are discussad in terms of. the activity coefficients, and

thc'fact=that the HTTA exists‘as'Ehol, keto, enolate ion

‘and. Solvates in the solutions at equilibrium.
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1 — Introccauction

The spectrophotometric titration of a metal chelate
in an organic sclvent by a stondard solution of a chelat-
ing égent also in an organic solvent was first proposed
and developed by Gray and CaveZB. They applied the method
" to the determination of microgram amounts of the dithi-
,20nétes of Ag, Pbu, Cul(ll), Cd, Zn, and In in chloroform,
by titration with a standzsrd solution of sodium diethyl-

-

s . 29 .
dithiccarbam=zte in sthanol. They alzo demonstirated its
use 'in thc determiration of some metal 8-quinclinates in
benzene, by titration with a standard solution of cithi-

zone in bhenzene,

“As part of his invastigation, Grayl.showed that the
‘titratioh'rcaction occurred in simultaneous steps. For
' éxamp“8,,thé titraticn in_ajldwadielectric solvent of the
.chelafc'of“a'bivélsnt métal; MXZ, by & éhclating agent Hv

occurrcd as Tollows:

f

7\

L Xy +HX

MX2+-HY

XY 4 HY =2 mY, 4 HX

In some cases, adducts were also formed. They measured
the values of K, and K2 by using a spectrophotometric
method,

28,29 Ly .
’e called this new arsa of volumetric

Gray and Cave
analysis chelete~zxchange titrimatry., It has some special
advantages., Thus, a veory large number of chelating agents

n

are at the disposa chemist, Until now,
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their use has been linited to gravimetric and colorimetric

analyses. The
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-~

and

their usefulness. Further, chelate-exchange titrimetry
can be &ccurate and precise, for.very small amcunis of

metal.

‘Chelate-exchange titrimetry has been extended by
demboisej,_to include a study of the titration of the
2~thanoyltrifluorcacetonates of some metals by pyridyl-

azonaphthol as titrant. The respective chelating agents

are? : '
1. @ 0
i ' :
d | N U ~ (HTTA')
Nyl el el

r.(HFAS)

However, HTTA exists as ecnol, keto, and sclvatcs.
!
D'Amboise” studied the chelatc-exchance reactions

N

(A)" Cu(TTA),+ HPAW =T Cu(TTAPAN) -+ HTTA

+ HTTA

(B) Cu(TTAPALL) + HPAN = Cu(PAN)Z

for microgram amounts of copper. He determinnd the apparent
equilibrium constants for reactions (A) and (B) in bsn-
zen=z and in methanol by & spectrophotoretric method, and
found that

was 00 in benzene, and Z50 in methanol;

i
(3]
o
.
(.:.

uzed a novel method of treating thes dat

the value of Kl'

and the value of KZ' was 0.0C7 in benzene and C.CG00 in
methancl. It was in fact an apperent equililirium constant

(Kl' and ¥,') rather than & true equililbirium constant
2 .



(K, and K,) that was wsecured, This matter is clarified

cuzsion zaction of the prosent thesic.

D'Amboidse alse noticed that thess reactions wuere
faster in methanol then in benzene., From & kinetic point
of view theon, methanol weuld be the betier solvent Teor
the deturmination of Cu{ll) at trace levels. However, from
an cquilibrium point of viow, bonzene is the bettor solveont,

In nethanel, X,' is sufficiently larce to cause reaction (B)
- ‘

to occur tec z significant dugres during the titralion; and

Kj‘ is smaller thaen it is in bonzeno., As 2 result, the

3]

end=-point in wmethanol was less sharp than it was in benzens,

The present investigation arose from these findings
of d'Awboise, on the cffects aof Oleﬂta Senzeng arnd

methanel on the chulate-exchange rcactlons (A) and (D).

It was decided to measure K,' and K,' of these two reactions
. &

1
in the mixzd solvant benzeno-meoithanecl, for various mole
fractions of wethaneol. The purposes were: to study precisao-
ly how the vazluss of Kl‘ and K,' changod with the nols
fraction of melhanol, and to explain as far as possible
KI' and K ' with change in sclvent composition.
From this study; it was hoped that @ practical choice of

the trends in

ade

oy

lJ

the best solvant could be
A study of mixed solvents in cholateu-cxchange titri-
metry has not gpreviously been made on any systoms. The
present investigation is an z<ﬂlo*atorj one, intendod to
clarify @t lesst som» of the Tactors that affect Kl' and

Kjy'y, and to epneify what factors noed study, in order to

? o
be able 1o calculate ¢ and ¥, thomoslves

1 2



2 = Plan of Rescarch

A npurpose of the present investigation was the
rsvaluation and interpretation of theo apparent wolar cgui-
librium constants K. ' and Ky of reactions (A) and (D)

HAN

(A)  Cu(TTA),+ HPAK —t= CL(TTAPAN) -+ HTTA

Ko

(E) Cu(TTAPAh)ﬁ“HPAH:?S?EU(PAH)2+ HTTA

in methanol~henzens selutlons, by a spucitrephotometric
method, Here , K. ' = Kfp/r, and KZ' = Kgf/p, whnrmkp is

1
a function which takles into account the various species

0]

of HTTA in equilibrium; and p and r are activity-coefficient

quotients.

The identificaticn of the participsti species, and

ng

the calculation of Ki and Ké of roactions (A) and (B) in
pure benzenes and pure wmothanol, had previous

by d'AmboiseB.

sly bcen done

As « first sxploretory step, 2 study was made of the
ch

[44]

late ecxchange betwecsen CDu(TTA), and HPAN according to
reaction (A). This was nueded in order Lo detormine wheother
or not reaction (D) occcurrod to a significent dogres duxing
this step (reaction (A) ), and particulerly to detcrmine
the extent to winich ihe nmetharnol content of the mothanol-
benzene mixtures affected the degreoo to which roaction (5)

gcocurred,

ccording: spoctronholometric titrations w(TTA) 4

A d ly, spuciresholomet titrations of Cu(T ,
35

in those solvents were carrisd out with 2 starcard csolution

£oHp 2 de e B Cisiviry oy m. s e e = ‘e = 2 . ' .

of HPAL, &t room vemporsture, and the degree of curvatur:
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data,
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derived, in ordo

informaiion
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concist

in

spoeiral

Ny

spectrophotonntric method trisd for the
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3 — [xperimental

3.1 Apparatus
3.1.1 Spectrophotometers

a) Beckman FModel D.U., and titration assembly

The titration assembly used in the present work
was designed and described by Grayl. A synopsiz of his

description follows.,

The conventional cell compartment of the Beckman
Model D.U. spectrophotometer was repleced by a special
non-magnetic compartment, which cculd accomodate a rcc-
tangular 65-ml . gless cell flanked by two rectangular
copper tanks through which constant-temperature water
was circulated. Into the center of the removable 1lid of
the compartment, a l-in.x1/B-in. disc of silicone clas-

tomer was countersunk.

A calibrated 1-ml. Koch microburet with e 60-ml.
reservoir, two-way Teflon stopcock, detachable tip and
a Luer joint at this tip was used for the delivery of
titrant to the analyte in ihe cell. Howsver, it was

modified az follows:

A platinum-rhodium hypodermic needle fitted with a
Kel-F Luer jeint (2 in. long and 2£ standard gauge bore)
replaced the glass capillary tip normally supplied with
the buret. In use, the hypodermic ncedles was inserted

through the silicone disc in the 1lid of the phototube




compartment, and the tip wes always immersed in *“he

solution to bHe titrated in the cell.

The Beckman phototube compartment was isolated
from organic solvent vapours by a thin fused-silica

plate placed over the shutter onening.

A conventional magnetic stirrer was placed directly
under the cell compartment, in crder to allow stirring
of the solution during titretions. A small Teflon-coated
magnetic stirring bar was used in the cell itself, to

stir the solution therein.

The cell compartment and the Koch microburet are

illustrated in plate 1.

b) Beckman Model D.B. spectrophotometer, coupled

to a Sargent Model SRLG Recorder, with a 10-mv.

span.

c) Unicam SP 500 manual spectrophotometer, with
thermostat for temperature control of the

solutions.

Matched l-cm. silica cells, labelled S§ (sample)
and B (blank), were used in all investigations with the

Beckman D.B. and Unicam $5.P. 500 spectrophotometers.
3.1.2 Thermostats

a) Sargent-¥elch Thermostiatic Water Bath (cat. Ne.
$5-84810), control to + 0.01° C; thermistor con-
trolled {(cat. No. S-82052).

b) Sergent-Yelch Thermostatic “ater Bath (cat. Mo.
534880) for external circulation, centrol to

+ 0.1° cC.
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PLATE 1

CTROPHOTOI"THIC TITRATIGH

APPARATUS

A~

Cell compartment used fer spoctrophotometric
r

ations, with the Voch nmicroburst

Raectangular titvation cell in coll

Delivery needle attached 1o huret tip
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3.1.3 Filtr=tion Apparatus

It was required to prepare saturated solutions of
the copper chelates in benzene and methanol. In orcder to
separate the solid metal chelates from the saturated so-
lutions a special filtration apparatus was used. It con-
sisted of a separatory fTunnel specially adapted to a
filter tube with a B 14/23 ground glass joint. The filter
tube assembly,.which was first described and used by
Khinz, was adapted to a filtrate-collector reservoir,

with a B 19/26 ground glass joint.
This apparatus is illustrated in Plate 2.
3J.1.4 Glassware

The special procedure used by Gray for cleaning
glassware was also used in this work. Thus, all volumetric
flasks, separatory funnels and beakers were first rinsed
with acetone followed by tap water. Then they were filled
with a warm 4:1 (V/V) mixture of concentrated sulfuric
acid and concentrated nitric acid!, and then allowed to
stand for one hour. After that they wers rinsed five
times with tap water, five times with distilled water,

and finally with deionized water.

The volumestric flasks were dried in an oven at
130° €. before use. The other glasswarc was rinsed with
absoulute zlcohol and stored in a dust-free cabinet.

All glassware preocvicusly cleaned and dried as des-
cribed above, was rinsed with methanol and/or benzene
just before use.

! Qubstituiion of a warm saturated solution of disodium

ethylenediaminetrtraacetate {henceforth abbreviated to
EDTA) for this acid mixture proved'to be satisfactory.



A)

Nl
F

illration Apparatus
Al Filter tube

A,2 Filter assznbly

B) Column contazining a mixed-bed

ion-exchange resin
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The pipets were kept immersed in a 17 solution of
EDTA prior to use. They were then thoroughly rinsed
with tap water, deionized water and finally with abso-
lute ethanol and dried by flushing them with dry nitro-

gen just before use.
3.1.5 Miscellancous

a) Potentiometer, Leeds and Northrup Co. (cat. No.
B687).

b) Beckman Zeromatic II, pH meter,

3.2 Reagents
3.2.1 Methanol

Fisher spectranalyscd .grade methancl was transferred
to a stoppered container which contained activated
molacular-sieve granules (Linde type 3A, 1/16 in.), and
allowed to stand for three weeks in order to renove
water. Just before use, the resulting dried methanol
was passed through & column containino a mixed-bed ien-
exchange resinlg. The column was 9 in. long and 3/4 in.
in diameter and is illustrated in Plate 2., The two resins
used were: (i) Fisher certified research-grade Rexyn 101
(H), organic strong-acid cation exchange, mesh size 16-50,
with a total exchange capacity of 4.7 mg./g.; (ii) Baker
Analysed analytical grade ion exchange strong-base resin,
grade A, mesh size 16-50, with a total exchange capacity
of 3.2 mg./g. Half-inch layers of each were interleaved

throughout the 9-in. column.

D'!\mboise3 had shown that spectranalysed grade

1k

b i e 1o
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methanol contains significant amounts of trace matals,
and that treatment of the -methanol with molecular sieve
granules increased the trace metals content. Therefore

it was essentiasl to sliminate thesz trace metzls before
using the methanol for chelate-exchange titrations,

The mixed-bed ion~exchange resin described above suffi-
ciently removed these trace metals. [ach resin had been
previously vacuum dried over PZDS for three to four days.

The column was then prepared by interleaving the resins

"as described above. Approximately 5 1. of methanol,

previously dried by molecular sicve granules, was then
poured through the mixed bed in order to remove the trace

metals.

A speciel dithizone test was used in order to
confirm that the purified methancl was in fact frse from
trace metals. This dithizone test is described in Appen-

dix I.

The content of water in the methanol after drying
it with the molecular sieve wze found to be 0.27 mg. of
water per ml. (Karl Fiecher titration). This value did
not change when the methanol was pascsed through the mixed-

bed ion-exchange resin,

Henceforth whenzver methanol is referred to it is

this purified product that was used.
3.2.2 Benzenc

grads benzene was used without

Fisher spectranzlysed
further purification except that a sufficient amount of
the activated molecular sieve granules (Linds Type 3A,
1/16 in.) was =zdded tc each hottle, in order to dry the

benzene.

15
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The walzr contont of this dried benzene was detex-
. .. 4 . :
mined by Kirchnecrova . She used a conventional Kerl
Fischer tiiration, and found the water content to be

0.035 mg. of water per ml. of benzene.

The dried benzene was found to be free of metallic
impurities. The test used was the same as that described

in Appendix I for benzene.

Herceforth whenever benzene is referred to it is

this dried benzene that was used.

3.2.3 \
4,4,4-Trifluore=-1-(2-Thienyl)-1,3-Rutanedione

(2-Thenoyltrifluoracetone)

2-Thenoyltrifluoracetone, hereinafter referred to
as HTTA, wae Daker analysed reagent grade, further pu-

rified as described below.

HTTA is a pale straw-yellow coloured solid, mole-
cular weight 222.19, m.p. 42.5-43,2° C6. It is very

soluble bath in benzene and in methanol.

Usually p-diketonzs have been purified by vacuum
sublimation. However, in the present work recrystaslliza-
tion proved to be satisfactory. Thus, réagent-grade HTTA
was dissolved in a mixture of benzene and acctone (9:1
V/V). The 2cetone was A.C.S. reagant grade used without
further purification. The resulting soluticn was heatad
to approximately 40° C., then s slight ~xcess of a satu-
rated sclution of cupric acetate in water was stirred in,
whersupon a precipitate of Cu(TT/\)2 was formed. Approxi-

mately 90% of the supernatznt liquid was then evaporated
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without first removing the pr-cipitate. The benzenc

that had evaporated was then réplaced, and the mixture
again evaporated, this time to about half its volume.

The mixture was then cooled and filtercd on & sintered-
glass filter. The solid product was washed with hot water
in order to remove the‘cupric acetate. The product was
then dissolved in benrene; the benzene was then evapo-
rated to about half ite volume. The resulting mixture

was cooled, filtered, and washed as before. The result-
ing product was again dissclved in benzena. This benzene
solution was then shaken with acueocus 0,1N.HC1, and the
benzene phase then sceparated and cveporated to zlizut 2
tenth of its original volume. Reagent-grads heptane wes
then eddod, and the mixture evaporated to about one-
tenth its original volume. At this point crystals of HTTA
had separated. The container was then immersed in an
ice-water bath. The crop of HTTA crystals, approximately
5 grams, was filtered onto a fritted-glass disc, and

then stored in a desiccator with silica gel, in the dark.

Assav of the nurified HTTA.

The volumetric method of Reid and Calvin7 was used,
Thus, a weighed amount of HTTA was dissolved in methancl,
a measured amount of aqueous 0.1 N NaOH was added, and
the excess MNalH was back-titreted potentiometrically with

aqueous 0,1 N HCI1.

The reaction was:
0 0 0

‘ IL_(I:! CH; (|:| CF, +0H =— CF, co0™ + IQ—C————CH3
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The assay of the purificd solid HTTA was found to
be 100.1+ 0.5 (n=5) by this method. The figure 0.5 is
the standard deviation. The imelting point of this puri-
fied solid was found to be 44 %1° C. {(1it. value: 42.5%. ~

43.2°c.6).

3.2.4 Standard aqueous solyution of cupric

nitrate

A standard aqueous soclution of cupric nitrate was
used in order to standardize benzene and methanol solu-
tions of the copper chelates and of one of the chelating

agents used in the present investigation.

This standard aquecus solution of cupric nitrate
was prepared from a weighed amount of reagent-grade
copper metal, which was considercd as the primary sten-

dard. The procedure is described in Appendix IV.

3.2.5
1-(2-pyridylazo)~-2-naphthol

1-(2-pyridylazo)~2-naphthol, hereinafter referred
to as HPAM in its molecular form, PAN in its aniognic
form, and (H2PAN) in its cationic form, was Fisher cer-

tified reagent, and was used without further purification,

HPAN was first prepared by Chichibabin and Rjasan-
zewa; It is a bright-crange coloured solid, molecular
weight 249.28, m.p. 127° ClU. The melting point of the
Fisher.certified ceagent used in the present work was
13611° C. HPAN has a tridentate ligand; it forms com-
plexes with most metals jointly through its ortho-
hydroxyl group, its azo nitrogen nearest to the phenolic

. . . . 9
ring and its heterocyclic nitrogen atom”,
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HPAN is soluble in alcohol, benzene, and in strong
aquedus solutions of acids (pH 2) and elklies (pH lZ)lD;
but it is prectically insoluble in water and in dilute
aquecus solutions of acids and alkelies. In aqueous so-

. . . C e 1
lutions, the species in. equilibrium are

7/ \ | U—0”

I AN 2) molecular form {(HPALN)

H N \\\P4~—_;Pd \<—_;/
3) anionic form
(PAX) ~0

‘HPAN has been recommended as a complexometric

1) catiocnic form (H2PAN f

indicator in direct titrations of metal ions in aqueous

solutions, by standard aquzous sclutions of EDTAll’lZ.

The direct titration of copper with EDTA, by using

]
HPAN as indicator, has besen widesly usedll’*B’la._

Shibatal5 has proposcda the following structure for

1:2 complexes of metal ions (Mn+) with PAN, in aqueous

solution:

- T

A
P | e
N\ '




HPAN reects slowly with most metal ions in agucous
solutions. Below pH 8 it forms a 1:1 cowplex with copper

(I1), but above pH 1U it forwms a 1:2 complex” .

Both HPAN and its copper chelate are very stable,

even in dilute ethanol solutions™ .

Preparaticn and standardization of solutions

gf HPAM in benzenm and methanol.

Selutions of HPAN in benzene or ethancl werwe freohly
preparec before use. They were standardized asgainst a
. standard aqueous solution of cupric nitrate &s described
in section 3.2.4. The standardization procedures are
given in Appendix III. Briefly, one ml. of the standeard
Cu(NU3)2 solution was diluted with approximately 50 ml.
of methanol in the 65-ml. glass titration cell of the
titration assembly described on page 7. The resulting
solution was then titrated with the benzene methanol so-
lution of HPAN to be stancdardized. It was titrated spec-

trophotometrically.
3.2.6 Copper Chelates
i) Preparation and purification of the solid

a) Bis[4,4,4-Trifluoro-1-(2-Thienyl)-1,

3~-butanedionato] Copper (II)

Copper (II} is coordinated with two TTA ligands by
four ligand oxygea atoms, in what has been reported17

to be a nearly square planar arrangzment as follows:

20
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Horeinafter, the symbel Fu(TTn)2 ruofers to this

squara planar complex. However, proof was noit provided

17

that only one isomer exiusts.

The preparation of the Cu(TTA)2 used in this work
has been described on pége 16. The product was kept over
silica gel in a desiccator for one week, then it was
stored in the dark in a well-stoppered hottle until re-
quired for use. The melting point of fhis product was
found to be 2414 2°C.

B (2-pyridylezo)-2- nanhthob
P,A,A ~Trifluorao-(2- Thlunyl) -1, 3- butanpdlonat@
Coppar (11)

D'Amboise3 has shown that in benzene the first

ligand exchange reaction between Cu(TTA)2 and HPAN is

A) Cu(TTA).+ HPAN<Ls Cu(TTAPAM) -+ HTTA

2

where Kl is the molar equilibrium constant:

3.1 K, = JCu(TTA) (PA1)) Turral

[Cu (TT4) ] [HPr\.ﬂ

He further showed that this mixed complex undergoes

a second exchange reaction as follows:

K
B) Cu(TTAPAL) + HPAH =—2s Cu(PAN ), -+ HTTA

where K2 is the molar equilibrium constant,

— 3.2 Ky o [cu(pan) -] L rrrl
' [tu TT/\PAIJ] [I-PA]




.3
.Howzver, D'Amboise” has alsa shown that when benzene
is the solvent, the ratic Kl to KZ is of the order of
6 .
107, Therefore, when cguimolar amounts of Cu(TTA), and

HEAN are mixed in benzene, approximately 99.8% ofzthe
copper prescnt in the system is as Cu(TTAPAN). Since
HPAW and HTTA are much more soluble in benzene than are
the copper chelates, the Cu(TTAPAN) tan be obtained free
from HTTA and HPAN by sevoral recrystallizetions from
benzene. This was the method devised by D'Amboisc3 for
the preparation of solid Cu(3TAPAN); the detailed pro-

cedure is given in Appendix V.

Solid Cu(TTAPAN) was a dark-brown colour. Methanel-
benzene solutions of it were violet, and proved to be
very stable because there was no change in absorbances

of the solutions over a two-wmonth period. The melting

point of the purified dried solid was found to be 2501 2°%.

2
(N'Amboise found 258°C. for hic products”).

" The solubility of Cu(TTAPAN) in hunzene was fTound
to be approximately B x 10-4 i, and in methanol it was
4 .,

approximatcly 2 x 107 § .

The dried purified Cu(TTAPAKN) was analysed for
copper content and HPAN contentlby methods described
on pag= 27. The results of those analyses are as follows:
Copper 11.99% (expacted 11,93%); PAi 46.80% (expected
46.59%).

The absorption spectrum of Cu(TTAPAN) in & benzenc-
methancl mixture that was 35.4 wolf in methanol was re-
corded in the range 400 nm. to 600 Am.; it is reproduced
in Figure 1. The moler absorptivities in this wavelength

range are tabulated on page 149,
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FICURE 2

The molar absorptivity curves

of Cu(TTAPAN), Cu(PAN)., and
o<
HPAN in 35.4 moli methmncl in

benzene, in the spectral range
o
400 nm. to 620 nm., at 20°C

H
.
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c) Bis@—(Z-Dyridylazu)—Z—naphtholatd Copper (IT)

The Eu(P/\N)2 used in the present work was prepared

and purified by d'ﬁmboisea, as follows:

A solution of HPAN in methanol was prepared by
dissolving 3 g. of the Fisher certified reagent in 100
ml. of methanol, previously heated to approximately
50°C. A second solution was prepared by dissolving 1.2 g.
3)2. 3H20 in 50 ml. of a 1:1 (V/V)
methanol-water mixtura. The temperature of this eolution

of reagent-grade Cu(NO

was raised to SDOC., and slowly added to the HPAM solu-
tion in methanol at 509C. Aftor cooling the mixture to
room temperature, the recsulting preocipitate was filtered
onto a sintercd-glass filter. The resulting crystals
were then dissolved in about 250 ml. of a 1:1 (V/V)
benzene-hexane mixture, which was then allowed to eva-
porate at roow temperature to approximately half of its
initial volumez., The resulting product was filtered as

above and stored in a desiccator over P.0 in the dark.

2°5°
ii)
The preparation of standard sclutions of the three

copper chelates in methanol and benzens,

The copper chelate (Eu(TTAPAN), CU(TT!\)2 and
Cu(PAN)Z)

put into a dry volumetric flask. The contents were then

and the solvent (benzene or methanol) were

shaken by attaching the stoppered volumctric flask to a
Burrell wrist-action shaker, and shaking them for a period
of up to forty-eizht hours, depernding on the soclubility

of the complex. In this way, sclutions were obtained

which were almost saturated. The lowest concentration

was that of Cu(PAN), in methanol, 5 x 1077 M. The solu-

tions of Cu(TTAPAN)-and Cu{(TTA), werec more concentratzd.

2



The mixture in the volumetric flasx was then fil-
tered in the special filtration apparétus shown in
Flate 1 which was dried just before use. The filtrate

was then stored in a stoppered flesk,

Prior to using each solution prepared in this way,
the concentration of its metal chelate was determined by
a spectrophotometric titration with a standard aqueous
solution of [DTA. The details of this procedure are in

“Appendix IIT.

Briefly, a l1-ml. aliquot of the metal chelate in
either benzenc ormethanol was transferred ta the 65-ml,
titraticen cell described in connection with the titration
assembly on page 7. To this 1 ml. were added about 50
ml. of methanol. A standerd agqueous solution of EDTA was
then titrated into this anzlyte, and the end goint deter-

mined by spectrophotometric means.

iii)
Methods of Acsay

The purity of the three copper complexes, namely
Cu(TTA)z, Cu(TTAPAN) and Eu(PAH)z,
determination of the copper content, and in the case of
Cu(TTAPAY) and EU(P/‘.H)2 by determination also of the
ligand (PAM) content. For the case of Cu(TTA), and

2
.Cu(TTAPAN), the assay method consisted in preparing a

w3s determined by

standard solution of the complex either in benzene or

in methanol, and then assaying this standard solution
for copper; the standard solution of CulTTAPAN) was also
assayed for the ligand HPAN. In the case of Cu(PAK)z,
the solubility in the organic zolvent was too low to
permit the preparation of a standard solution by weighing

the Eu(PAN)z. Therefore, for this copper chelate the
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procedure used consisted in preparing an almost saturated
solution and assaying it for copper and for the PAN
ligand, and to rely on *the ratio of these two consti-
tuents as proef of purity. However, in addition to this
ratio it was possible to confirm purity by a determina-

tion of th=2 melting point, as previously described,

a)
Determination of thz copper content of the copper

chelate,

A mzasurec aliquot of the standard solution of the
copper chelate in benzene or methanol was diluted by the
addition of approximately 50 ml. of methanol in the 65-ml.
spectrophotometric titration cell. The resulting sclution
was titrated spectrophotoiretricelly by using a standarc
aqueous solution of EDTA that bad heen standardized
against metzllic copper. Details of the procedure are

given in Appendix III.

b)

Determination of the PAN content of Cu({TTAPAN) and
Cu(PAN)2;

This determination was carrizd out by two different

procedures, as follows:

bl) Cns of the standard sclutions in methancl, used
for the determination of the corper content of the che-
late, was also used for the determination of the PAN
content of Cu(TTAPAN) and of Cu(PAN)Z. £ight aliquots
of this stzndard solution were diluted with methanol, so
as to provide eight solutions, which ranged in concen-

6

tration from 4 x 10‘5 M to 5 x 107 M.
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- The absorbance of each solution was measured in a
l-cm. cell st 560 nm., against methanol as the spoctro-
photometric blank. The molar absorptivities of ihe copper
complex in methanol were calculated from these deata. The

values are entered in table. 16.

To each of the eight solutions .a few milligrams of
EDTA powder were added. The resulting mixtures were
shaken in order to ensure essentially complete displace-
ment of the ligand PAMN from *“he copper chelate. In order
to ensure that displacement was in fact esscentially com-
plete, the absorbance of each sclution was then measured
at SGG'nm. where CulTTAPAK) and Cu(P/\f-})2 ares known to
absorb and wherc HPAN itself does not absorb. In all
cases the absorbances at this wavelength werc negligibly
small, thereby proving that displacement of the PAN
from the copper chelate was essesntially complete. The
HPAN remained in solution; the copper existed as the

solid EDTA complex along with the excess [I'TA powder.

HPAIl itself absorbs with the peak at 460 nm. There-
fore the HPAN content of the eight solutions was measured
at 450, 460, 465 and 470 nm. Thc moler absorptivities
of HPAR itself in methanol had previously been measurec
from standard solutions of HPAMN in methanol. These moler
absorptivities are reported in Table 1. These values were
used in order to calculate the free HPAN concentration .
in each of the eight solutiuns, which in turn gave the
HPAN content of the original seclid. The results arc en-
tered in Table 2 for Cu(PAN)2 and in Teble 3 for Cu{TTAPAN).

b2) Aliquots of a standard solution of Cu(TTAPAQ)
in benzene previously anelysed for the copper content
were transferred to a set of 25-ml. volumetric flasks

and diluted to volume with benzene. To each of these
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Table 1

Spectrophotometric data end absorptivities of HPAN in:
1) liethanol at 450 nm., 450 nm., 465 nm., and 470 nm.
2) Benzene saturated with water at 460 nm.

Spectrophotometer — Unicam .S.P. 500

Cells —— silica, 1~-cm, light path

Temperature = 25+ 2°C,

1) Solvent — methanol

29

Soln.

x10° | 450nn

;
[HPmrj Abgorbance

460nm  485nm

O30 RRDH g

7.109 | 1.179
6,219 | 1.036
$.331 | 0,905
4,443 | 0,742
3.554 1 0.602
2,657 | 0,450
1,777 {0,302
0.882 [0.153

1.250 1,247
l.0¢e8 1.095

.952 0,950
0.7e7 0,785
0.635 0,634
0.475 0,475
0.319 0,31¢°
0.180 0,15

VWavelength, |Mean Molar {std. Dev.
470um nnm, absorptivi-| (n=8)
ty* x 1074 | x107%

1.2256
1.078

« 250 45C 1.656 0.010
0.772 460 1.756 0,007
0.A22 465 1.752 0.007
0.465 47C 1.718 0.005
0,315 '
0.157

2) Sol&ent - benzene saturated with water

Soln. ﬁﬁ%ﬂi Ab sorbance
No. 1x10° 460nm
1l 4,548 0.786
2 3.750 0.660
3 2.032 0.525
4 2,274 0.397
5 1.516 0.253
6 c.788 0.134

Yean llolar Ab-

Standard Devia-

sorptizity** tion (n=6)
x 10” x 107%
1,726 0.006

~\
.

¥ Mean of eight determinations, on solutions 1-8 in methanol.

. ¥* Jean of six determinations, on solutions 1-6 in benzene.
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Table 2
Analysis of Cu(PAN)z

(The sample was dissolved in methanol prior to analysis)

Soln. Concentra- |Absorbance of solu-] Concentration of HPAN, Ratio of PaN to Cu
No.*| tion of tion efter remOVal’ calculated from cols. III-V in sample

Cu(PaN) 5 infoi C£ by EDTA, ) aﬁd nolar absorptivity {Coi. IX ./ Col. II)

methanol* {see Table 1), M x 10°

M x 109 .

460nm{ 4565nm {470nm 460nm { 465nm |47Cnr; {mean fo; 3 wavelengths
1 1.015 0,.350]0.35C|0.341 1.€9391.998{1.98411.992 1,96
2 2.200 0.763(0.761 {0,743 4.34414.34514,341 (4.543 1.e7
3. |1l.862 0.64610.545 |C.634 3.6%7813.688|3.622 3,685 1.98
4 1;523 0.52810.52510.5186 3.00612,997{35.00Z |3.002 1.7
5 0.846 C.292]0.20{0.285 1.665|1.656{1.652{1.659 1.6
6 0.677 C.236 |0.235 0,225 1.544(1.34211.333/1.340 | 1,68
.7 0.508 0.176 10,176 |0,173 1.€02{1.005{1.007 [1.CC5 1.98
8 0.423 0.14910.147{0.143 0.64810.83¢|0.832{0.840 1.8¢ .
| mean ratio = 1,97

Solutions 1-€ viere rrepared from aliquots of a stock standard solution of the Cu(PnN)2 to be
znalysed. The stock standard solution was prepared as described in Section 3, Subsection 3.2.5(ii). =
1t was analysed for Cu by spectrorhotometric titration with EDTA, and found to be (4.231 +0.017)x107°¥.

o=

The gbsorbance was due to liberated EPALN.
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Table 3

Analysis of Cu(TTaPaAN) for Cu and PAN by solution of a weighed 2mount of the solid in methanol and
detemination of both Cu and PAN content (see procedure bl on page 27T)

Soln.} Concentration Absorbance of solution after Concentration of IiFal, cel- | Ratio of (PAN)
No.* | of Cu(PAXN), removal of Cu by EDTA culated from Cols.III-VI, to (Cu) in '
in metganol* : and moler absorptivity. semple.
X x 10 (See Table 1) M x 10° (Go1.V1I/ Co1.1I)
45Cnm | 450nm | 452 470 nean for 4 wavelengths
1 5.472 0.802 | 0.%44 | 0.€44 | 0,820 5.354 0.¢8
2 4,884 0.762 | 0.838 | C,£3E8 | C.218 4,760 0.c8
3 4,256 0.569C 0.733 0.721 | 0,718 4,178 0.98
4 3.648 0.592 | G.K25 | 0.622 | C.612 . 3.B62 0.98
5 3,040 0.4¢6 | G.522 | 0.5192 | 0.510 : 2,875 0.68
5 -1.824 0.200 { 0,318 | 0.315( 0.312 1.808 0.99
7 1.216 0.1¢7 { 0.21C | C.210 ] 0.208 l.1682 0.0e¢
8 0.608 0.068 | 0.106 | 0.105 | 0.104 0.6C2 C.c9
mean ratio = 0.98
Concentration of the stock Cu{TTAPAN) solution in methanol (I x 104)
From the weighed solid From speétrorhotometric From the mean ratio given
(theoretical) titration with EDTA (n=3) in Col. VIII
1.513 1.520%0.002 _1.494:!:0.008
Comparison of the results Cu% Theoretical: 11.93 Found: 11.¢¢
Palio Theoreticel: 46.59 Found: 45.94

* Solutions 1-8 were prepared by diluting aliquots of a stock stendard solution of Cu(TTAPAN) )
10-fold. This standerd solution was prepared from a knovn weight of the solid (to give
1.513 x 104 X), end standerdized with EDTA to give Col. II.

! The absorbance was due to liberated HPAN.

T¢



flasks, 6 ml. of aqueous 0.1 N HCl were added after
first removing 6 ml.'of thz stendeard sclution in ben-
zene. The two-phase system was then equilibrated by
shaking at room temperaturs, and the two phases were
then allowed to separate. By this step, the copper was
quantitatively trensferred to Lhe aquecus phese and the
HPAN and HTTA were quantitatively left in the benzene
.phase.: The absorbance ef the benzene phase was then mea-
sured at 460 nn. (which is the peak of HPAN in benzene).
The concentrafion of HPAN in the benzene phasae was then
calculated by means of the following formulae, which has

been derived by Galikl6:

3.3 [HPAN =A46n = Aepg R N Acen
' . HPA&N A
XEUHPAN SGDCUTP
where:

q:CuTP = molar absorptity of Cu(TTAPAN)
at wavelength A

Ay = absorbance at wavelength A

. éQmUcuTP
@wcm

C%GG”PAN = the moler absorptivity of HPAN

at 450 nm. in benzene ssturated
with aqueous 0.1 N HCl. This
value is given in Table 1, and
was determined independently by
measuring the absorbances of
standard benzene solutions of

HPAN in benzene.

! The disscciation constant of HqPAH+ in water has been re-

ported to be 1x10-3 18 The. disfributien retic of HPAR be-
tween carbgniptrachloride gnd pure water has beon roeported
to he 1x10% 10, 14 scems reasonable to supposz that the
distributicn ceoefficient between benzens and watzr is not
very difforent from that between carbortastrachloride and
water, Dy using theue data, it ic readily shown that the
HPAN rcmains quantitatively in the benzene phase.
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The molar absorptivities of Cu(TTAPAN) in benzene
at 460 nm. and at 560 nm. hed already been measured by

. 3 . ' .
d'Amboise , and his values were used in the presant work,

The velues of the necessary meaéured absorbances
are reported in Table 4, togethor with the concentra-
tions of HPAN 4in all the solutions, calculated fram
these absorbances and equation 3.3. From these cencen-
traticns and the wsight of the solid used in the pre-
paration of the standard solution, the PAW content of
the Cu(TTAPAN) was calculated, and these values are
entered in Table 4, This Table also contains the values
found fer @hc cepper content of the Cu(TTAPAR), as deter-
mined by the previaously described spectrophotometric
titration with EDTA,

An alternative procedure was also used as a check
to ensure that in the above-described -proccdure for the
determination of PAN in Cu(TTAPAH), the HPAN remzined
in the benzene phase after equilibration with the 6 ml.
of aqueous 0,1 N HCl., Thus, a 5C-ml. aliquot of the
standard solution of Cu(TTAPAN) in benzene was trans-

" ferred to a separatory funnel and equilibrated with 20
ml. of an aqueous solution of 0.1 N HCl. The aquuous
phase was then quantitatively transferred to another se-
paratory funnel which contained about 40 ml. of benzene,
The two phases were then equilibrated., If any HPAM had
remained in the aqueous phese, some would be re-extracted
into the benzene. The two benzene extracts of HPAN were
then combined in a 100-ml. volumetric flask and diluted

to volume.

To an aliquot of a standard aqueous solution of
Cu(N03)2 in the 65-ml. cell, 50 ml. of methanol were

added., The benzene extract of the HPAN was then titrated




Table 4 ' 3k

Analysis of Cu(TTAPAN) for Cu and PiN, by dilution of a weighed amount of
solid in benzene, and determinetion of the copper content by spec-

trophotometric titration, and the HPAN content as in procedure b2 on p 28

Soln.} Concentration of|Absorbance of solution{ Concentration of HPAN,
No.* | Cu(TTAPaN) in after removal of Cu calculated from the data
'.
benzene* by 0.1 N HC1® in Cols. III and IV, and
Mx 105 : , equation 3.3
560nm | 460mm M x 10°
1 4,548 0,046 0.763 4.665
2 " ) 0,037 0.770 4.653
3 " 0.069 0,742 . 4,670
4 " 0.012 0.785 4,603
5 " 0.043 0.765 4,657
6 " 0,020 0,787 4,656
7 " - 10,022 0.783 : 4,648
8 " 0.034 0.770 4,640
9 " 0,031 0,770 4,620
10 " 0.013 0.784 4,602
11 " 0.013 0.785 4,608
12 " 0.012 0.784 4,697
13 " . 0.017 0.785 , 4,622
14 " 0.054 0.760 4,689
15 " 0.072 0.746 4,608
16 " 0,018 0.788 4,653
17 " 0.021 0.778 4.609
18 " 0,021 0.778 4,509
rneen value = 4,640
st.dev.e = 0,030

Analysis of Cu(TTAPAN) from Cols. II and V, and amount of Gu(TTAPAN)

taken:
Cu: 11.8¢% (theor. 11.95%)

. PaN: 47.35% (theor. 46.59%)
* Solutions 1-18 were prepared by diluting 10-fold a stock standard solution

of Cu(TTAPAN), which4was prepared from a known weight of the solid
(to give 4.565 x 107" M), and standardized with EDTA to give Col. II,

The absorbance was due to liberated BPAN.
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into this copper solution, as described in Appendix TIT,
The values obtained for this particular procedurs are

as follows: Cu 12.08% (expucted 11.92%), HPAN 47.12%
(expected 46.59%).
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4 — A Prmiiminary Study of the Cholate Ex-
change Lertween Cu(TTA), and HFAN in

Fethanol-ilenzene Mixtures.,

The purpose of thz present investigation was the

5 . . . . , 4
evaluation of the equilibrium constants hi and K, for
—

the following reactions

K

(A) Cu(TTA),+ HPAN <= Cu(TTAPAR) + HTTA

: K
(B) CulTTAPAN) + HPAR 2= Cu(PAN), + HTTA

in methanol-benzene mixtures, by a spectrophotometric

method.

D'Amboise3 has already shown that in benzene the
ratio Ki/Ké is of the ordor 105. When CU(TTA)2 in benzene
is titrated with HPAN by the present spzctrophotometric
method, one break is observed in the titration graph,
and it corresponds to the forwation of Cu(TTAPAN). The
fermation of Cu(P/\N)2

graph because of the extremely small value of K

is never seen in this titration
5 How-
ever, when methanol was the solvent, d'Amboise had shown
that the ratio Ki/Ké was of the order 5C0. In that case
the titration graph might be curved due to the formation

of a significant amount of Cu(PAN),. Accordingly, spec-

2
trophotometric titrations of Cu(TT:’\)2 in benzens-methanol

mixtures were carried out with a stancard solution of

HPAN, by using the ticration apparstus shown in Plate 1.

The titration procedure is described in Appendix VI,
Results of titrations of Cu(TTA)2 with a standard solu-
tion of HPAN in benzene, in several benzene-methanol

mixtures, are given in Table 5. The Cu(TT/\)2 solutions




Table 5

Spectrophotometric Titration of Cu(TTi)y in methenol-benzene mixed solvents, with a stendard

HPAN solution in benzene.

Apparatus: Beckmen Model DU spectrophotometer and titration assembly (see Flate 1).

Cell: 65-ml, glass cell with S-cm. light path

Wavelength: 560 nm.

Temperature: 25+ 2%,

Methanol-benzene
composition,

mol% methanol

Initial concenmtration of Cu(TTA),, K x 10°

From weight of

Cu(TTa) o taken

From standardization against
EDTA, using procedure in

Appendix III

From titration ageinst HPAN,
using procedure in

Appendix VI

8.4
16.0
25.1
33,4
45.3
54.7
68.7

79.7

* The T values are standard deviations for three samples,

3.151

1.7060

"

3.1.60+0,008%*
1.596+ 0,009
1.694%C,005
1.695%0.006
1.657% 0,007
1.657%0.007
1.69730.008

1.69210.006

3.125+0.025
1,702+ 0.020
1.703%0.022
1.7¢8%0.037
1.701 £0,024
1.6%6+0,031
1.73110.011

1.761Y0.022

LE
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were preparcd from weighod a2mounts of Cu(TTA)z. Column 2
in Table 5 gives the soluticn conocentrations calculated
from these weighad ancunts of Cu(TTA)?. The solutions

were thoen separately standardized for-coppcr, against

a standard solution of EDTA, &s described in Appendix . T1I,
The results arc in Column 2 of Table 3. Finslly, the

same solutions were standardized againet the standard
scluticn of HPAW, as specified in Appendix VYI. The re-
sults arc in Column 4. Typical titrstion graphs are

shown in Figure 2.

4,1 — Spectrophotaometric abscorption data
for Eu(TTA)Z, Cu(TTAFAL), Cu(PAN)Z,
HTTA and HPAN in benzcne-mesthanel

mixtures.

A knowledge of the absorption spectra of the che-
lating agents and the copper chelates was necessary in
order to sclect the optimum wavelength for use. The re-

levant data have been collected together in Table 6.

4,2 — The absorption spectre of benzene-
methanol soluticns of mixtures of
Cu(TTA)2
to 570 nm.

and HFAN, in the range 400 nm.

These absorption data were regquired in oxder to
gstimate the values of Kl and K2 for the two reactions
written on page 36.

Stock standard solutions of Cu(TTA)Z, HPAN,
Cu(TTAPAN) and Cu(PAN)2 in benzene were prepared,and

standardized as described in Appendix III.

Aligquots of these stock standard solutions were



Typical titration graphs of the
specetrophotometric titration of
Cu(TTA), at 25°C., with HPAN in
the sol;cnts: '
a) 8.4 mold methanol
in benzene
b) 54.7 mold methanol

in benzene

39
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Table 6

Spectrophotometric absorption data for HITA, HPAN, Cu(TTA) . Cu(TTAPAN) and Cu(PAN) 5 in

benzerne, methanol, methanol-benzene mixtures, esnd other solvents.

Compound Solvent Absorption maxima (nn}) Ref.
HI‘TA'HZO Agqueous acid 260, 270 18

HITA (enol) benzene 325 18

TTA™ (enolaté ion) equeous alkali 340 18

BTTA benzene, methanol no absorption greater than 400 .3

HITA (enolate ?) benzene-methanol 338 18

(1:1 v/V)
Cu('I"I‘iL):a benzene, methanol ;45, 360 (shoulder); no This work
absorption greater than 400

HPAN benzene, methanol This work
Cu({ TTAPAN) benzene,methanol see fig. 1 This work
Cu(PAN) 5 benzene, methanol This work

L
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pipetted into 25-ml. volumetric flnslas, o' the appro-
pfiatu benzene-nethanol mixture was added. The compe-
sitions of thssc various =zets of solutinns are civen in
Table 7.

After the solutionms had been prepared they were
allowed to stand for two days in stoppered volumetric
flasks in the dark, in order to allow the asstablishment
of equilibrium. D'Amboise hacd previously shown that

Cq e s C s 3
equilibrium was establizhed within zn hour.

The spectral transmission curves of all solutions
were then recorded at 20°C. in a silica cell with a l-cm.
path length, by using the Backman DB spectrophotometer
coupled to a fargent recorder. The cell housing of the
spectronhotometer was thermostated by circulating through
its water-jacket of constant temparafure water from a
Sagpnt-Welch thermostat control to % 0.01°C. The spec-

9 . .
trophotometric blank was 35 mol% methanol in benzene,

4,3 — Experimental results and treatment

of the spectrophotohetric data.

From the measured absorbances and concentrations
of the solutions specified in sets 1 to 3 inclusive in
Table 7, the molar abscrptivities of Cu(TTAFAN), Cu{PAN)

and HPAN were calculated at 5 nm. intervals over the

2

rangs 400 nm. to 6C0 nm, The celculation of these ab-
sorptivities was made as follows: the absorbance value
was plotted against the concentration. In each case a
straight line was obtainzd, which showed that Beer's

law was obeyed for these three compounds, over the caon-
centration range studied. The least-squares straight line

was calculated (seec Appendix VII). The slope of this

4o




Table 7

Composition of solutions of Cu({ITA)g, Cu(TTAPAN), Cu(PiN),, and HPAN in benzene-methanol mixtures,

for spectrophotometric measurements.

Set No. benzene-methanol Conpound Initial concentration range Number of solutions
. mixture | in set
1 8.3 nol% methanol Cu(TT4PAN) 4x10%u—3x100% 8
35.4 " - "

2 " Cu(PAN) x 105 k—3 x 100 i 8

3 " HEAN 6 x 107° M—8 x 1078 ¥ 8

4 " Cu(TTA)g 3 x 100 M usuzlly more
[ mww 0 | s=x105M—2x100% | then15

5* " Cu(TTA)z 6.4 x 1070 ¥—none usually more

HPAN none—6.4 x10°5% | tham15
* In this set the tqtal’initial Cu(TTA)z added plus the initial HPAN adaed was kept constant.

€
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least-squares fit gave the molar abscrpitivity. These
values for the solvent 35,4 mol% methancl in benzene are

given in Appendix VIIT.

The absorbances of the solutions of sets 4 and §
listed in Teble 7 were also meesured at 5 nm. intervals
and are precentocd in Table &, togecther with the initial
concentrations of Cu(TTI’\)2 and HPAN,

For cach solution in sats 4 and 5 of this Table,
an attempt was made to calculete from the absorbance
data the equilibrium concentrations of the compounds

involved in the reactions A and B on page 36, namely:

K

A) Cu(TTA),+ HPAN c—Zs Cu(TTAPAN) -+ HTTA
: Ky .

B) Cu(TTAPAN) 4 HPAMN === Cu(PAN),+ HTTA

2

Let Cuo be the initial molar concentration of
Cu(TTA)Z, and lat (HPAN)0 be the initial molar ccncen-
tration of HPAN. Let square brackets, [ ] , denote molar

concentration.

The mass-balance cquations for reactions A and B

are:

r -
4.1 Cu_= [Cu(TTA),]+ [u(TTAPAN)] +
i1 Y
lEu(PAi‘,)a
'.’-' = r,D, ”— i A A!\_:
4,2 Ei:/\u—lo THPALL + LCu(TT PAN) —+
2 Eu(r/\l‘:)é’

4.3 2Cu = ZEZu(TTA)él—{— E—lTTl_‘_\_I —l—-EIu(TT/\F‘ANﬂ



ks

he masu-law squations will bo written in tarms

of molar cocncentrations, i.e.,

Len(Tramaryl - [HTTAS
[cU(TTA)?_j . THEAN]

Cu(PAiR) ] - (HTTA]

“ :[:U(TTL‘D/\['\‘-1 . :E[J‘!T:A'\%]

Thus, the present derivetion 1is a siwmplified one,
in that all activity coefficicnis are considered to be
unity, and no tautomeric forms, solvates or hycrates

5 are considered

«©

of the specificd perticipating speci

to co-exist.

From Beer's Law:
£ 1, = \E‘i i { / X - .
4.4 Niy %HM,. [HPAN] +)3:UTP [Cu(TTAPAN)) + | .1
ac rf‘u(Pf”\."-J)p] + B

where:
A,i = absorbance of solution i at
wavelength A

ClEuTé = molar absorptivity of Cu(TTAPAN)
A at wavelength‘ﬂ

CLCuP = molar absorptivity of Eu(F’i\N)2
at wavelength A

B = a fit perameter., Ideally, it should

~bes zero.

The method developed by d'Amboise3 was used. Thus, L

for each solu*tion specificd in Table 7, a set of thirty-
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four equations was obtained by applying to equation 4.4.
the absorbance data given in Table 8, at 5 nm.

intecrvals in the region 400 to 570 nin.

These equations were then normalized by least-
squares regressicn analyses, and solved both for the
gquilibrium concentrations and their standard deviations
(Appendix VII). The parameter B appeared naturally as

an indication of the goodness of the fit.

From these calculations , it was found that the
values of Kl could net be calculated, because the equi-
librium concentrations of Cu(TTA)2 were too low; in
fact, they were of the same order of magnitude as the
standard deviaticns of Cul(TTAPAN) and HPAN. For example,

in one solution i1he relevant equilibrium concentrations

WETre:
Eu(TTAPAN)] = (2.552 + 0.011) x 1077w
[PAR] =(1.429 % 0.004) x 107° M
I 1 -7
LCu(TTA)ZlﬁJ 10 M
‘However, the values of K? could be calculated by
using the seme technique as that described above for
Kl, by using the data fcr those solutions in which

HFAN was in large excess. In calculating the value of
Ky in this way, use was made of the followinj informa-

tion:

i) With HPAN in large excess the equilibrium con-
centration of Cu(TTA)2 was sufficiently low to be neg-

lected in the following mass-balance equations:
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Teble 8

Ansorbance of sclutions of set

s 4 and 5 listed in Table 7,
at 5 nm. intervals in the range 400 nm, to S70 nm. at 20°c.

2

Spl., |Initial concen- Initial conccne- Absorbance x 107
Mo, ftration of Cu(TTA), |tration of HPAN wavilengtih, nm,

Mox 1069 - Vox 109

L0GHACS [410 415 (420
1 2.694 0.248 561 4¢| 43| 38| 2%
2 " 0,496 T7TOY 631 59| 551t 53
3 " 0.%10 2y B7| 86| 84 83
4 " 1.158 1041102 11C2 (1021101
s " 1.407 11811171112 1120:119
6 " 1.655 13211321134 ]126:138
7 " 2.069 15311561161 |167 167
set 4] g " 2.217 1721173]162 {1661192
9 " 2,505 1ET{152{201 210213
10 " 2,730 200205215 (224 :228
11 " 3.C61 22612351248 12591265
12 " 3.227 233(251|2685 |2B612E3
13 " 3.475 26512761790 1203311
14 " 3.723 20013021316 1333 340
15 " 4,302 34413601372 1396406
16 " 5.13 4201442466 1488|5082
1 6.062 0.673 102 S| 78| 704. 63
2 5.389 1.245 1324122116 {113}110
3 5.052 1.686 14611401132 (136137
4 4,715 2.018 16311611161 1161159
5 4,375 2,258 180(181|183|185|1€3
6 4,042 2.691 1971169203 {208 |2C8
Set S 7 3,705 3.03 210{215(224 (232|235
8 3.36¢8 3,371 2311239250 ({262{265
9. 3.021 3,704 2691280(295 |308|3156
10 2.694 4,052 310(3241342 1358|3638
11 2.358 4,376 3491367{3C0 |405(418
12 2,021 d.717 369411434 14551468
13 1.684 5.049 420145514€2 ;5051521
14 1.347 £,3%90 ATC|501|{521 556|575
15 C.674 5.062 554,593 |631 {662 | €65
16 0.337 6.395 5951643 682;717 745




Tahle

f

J

{rontinued)

Absarbance x le

Sol.|

No. ! wavelencgth, nm,
425 [ 430 | 435 {440 [445 | 450 {455 | 460 | 465 470 475
1 33 31 30 28 26 24 21 1E 17 17 17
2 51 42 46 a7 44 36 32 27 5 25 26
3 81 80 78 77 72 63 53 44 40 41 43
4 98 a4 97 95 89 78 5 5e 49 58 52
5 118 [ 115 §114 | 113 105 93 17 485 58 58 73
6 136 | 133 {133 12131 {122 | 1G7 20 75 67 &7 | B3
7 165 | 164 | 163 {160 {1204 132 111 54 0 4 90
Set 3 150 | 188 {288 | 186 |174 4§ 154 |130 | 1C& a7 97 | 103
) 211 | 210 | 210 | 200 1197 174 [ 148 ) 12€ {114 | 114|122
10 227 {216 | 227 {224 212|190 | 163|142 {130{ 131 | 138
11 264 | 265 | 267 | 267 (256G 235 {210 | 190 ;i 1e0} 1£0 | 188
12 263 {285 | 2% 236 {277 | 258 | 22341 214 1 2C5) 206 | 214
13 213 | 315 1318 | 319 |31CG} 293 | 272 | 255 {247 248 | 255
14 344 46 | 352 | 354 (347 | 33C | 310 295 {281 | 273} 200
15 A12 | AL8 [ 427 | 431 | 4271 &15 | ACC | 392 | 390G 23923 | 398
16 €11 | 522 | 535 | 544 542 ) 536 | 5330 | 523 321 536 | 542
1 56 55 53 51 AT 40 3 29 29 30 32
2 106 {103 | 101 286 91 79 63 53 51 51 56
3 136 1129 {127 | 124 {115} 106 BO 66 63 53 TG0
4 155 {182 | 151 | 146 {137 118 a6 g0 76 T7 81
5 181 {178 v178 {173 |1601) 1377 111 02 88 90 96
6 205 [ 202 {202 | 199 1824 ] 161 | 130| 107 {1011 101§ 110
7 232 | 220 {2301} 227 {2111 162 1582} 126 {113, 113} 122
Set 8 264 1263 | 265 | 260 (245 217 § 1€ 1539 | 1461 146 | 158
9 317 | 319 | 323 {322 1312, 291 | 266 | 245 | 2361 239 | 247
10 372 | 379 | 386 | 386 382 369 | 354 341 | 339 341 | 347
11 425 | 434 1 445 | 453 452 1 44T { 441 A39 | 440 443 | 448
12 480 1493 5508 520 523j 525 | 529 535 | 541} 547 | 551
13 537 | 554 i 571 | 587 {597 ! 608 | 621} 636 ; 648 654 | 656
14 593 | 615 ; 637 | 655 G71| 690 | 713| 737 | 756 764 | 763
15 710 | 740 {770 | 797 | B23°] 859 | 903 946 | 976 | 982 | 278
16 773 | C0B | B43 | 673 9071 992 [10C6 {1056 1021 {1100 (1092

\ i

4

48
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{continu~d)

Sol. Absorhance x 103
o, waveclongth, nm.
400 | 4G5 450 495 [ 500 | 505 | 5107] 515 | 520 | 525 | 530
1 18| 20f 2 22| 25| 29| 33| 35| 32 41| <44
2 29 | 32| 361 41| 47| 54| 60| 65| 72| 78| 64
3 47| 521 60l 62l sni o c4 105|115 [ 126|138 | 149
/ 58| 65| T4| &6 | 100! 11C | 131 | 145 | 159 | 172 | 189
5 o1 75| 90} 104 1211 140 ;159 {175 {192 | 210 | 228
6 & 521 105 121 ' 141 1165 | 19C [ 205 | 125 | 245 | 268
7 100 | 113] 130{ 15C (176 | 204 | 230 | 253 | 279 | 302 | 330
Set 4 g 114 | 128| 1457 169 1197 228 | 259 | 285 | 312 | 339 | 370
9 133 | 150 170, 154 222 | 255 | 287 | 315 | 344 {374 ! 407
10 150 | 166 186! 212 ! 240 273 | 204 | 230 | 359 | 387 | 422
11 200 | 215| 235§ 257 283! 310 335 | 356 | 38C | ACS ! 42
12 225 | 240 | 2581 280 : 302 | 227 | 342 | 268 | 2320 | 413 ; 445
13 267 | 262 | 200} 318 ' 3271 356 | 372 | 307 | 403 | 425 | 454
14 710 | 325, 340 | 357 3711 323 | 294 | 4023 | 416 | 435 | 463
15 409 | 421 ) 433 442 44T | 445 | 442 | 440 | 442 | 454 476
16 549 | 558 | 565 565 | 554 ¢ 535 | 509 : 4B9 | 470 | 480 | 496
1 36| 40| 45| 53| €1| 70| €0} 88 | 95 {105 |114
2 62 | 71| 62| 9€ {115 133|151 | 168 | 182 |201 | 220
3 79 | 90| 1G4 | 122 | 1471 | 167 | 190 | 210 | 230 | 252 | 27¢
4 93 | 106 | 123! 144 | 169 | 196 | 224 | 251 {275 | 300 | 328
5 100 | 123 | 143} 168 [ 197 | 232 | 263 .| 293 | 320 | 248 | 383
6 122 {14C| 1631 1091 {225 | 266 | 299 | 330 | 363 | 396 | 43
} 7 139 | 148 | 1B2, 214 , 252 | 294 | 332 | 369 | £06 | 441 | 484
Set 5 8 172 | 193 221 251 267 | 329 | 2367|4062 | 437 {473 | 519
9 261 1278, 298 321 | 3431 369 | 350 | 412 | 432 | 461 | 496
10 357 1 365 363 395 [ 405 | 409 | 410 | 413 | 420 | 434 | 460
11 453 | 462 470 ATL {463 | 440 | 430 | 412 | 402 | 405 ! 420
12 554 | 586 | 555 547 ' 525 | 489 | 450 | 413 | 3£5 1378 | 382
13 G55 | 652 | €46 . 625 | 586 | 527 | 468 1 412 | 372 | 348 | 341
b14 759 { 751 | 737 705 : 649 | 567 | 469 | 412 | 354 | 318 | 200
15 965 | 949 | 916 | §62 | 772 | GAT | 522 | 406 | 312 | 249 | 208
16 1672 [LOAT {1009 | 9 €77 | 525 | 390 | 277 | 202 | 168

k9




Table 2 {econtinued)

Scl. Abscerbance x 107
No. wavelength, nm.

5351 540 | 545 | 550 [ 555 | 560 | 565 | 570
1 47| S0 53] 55| 55 | 60 ] 60| 6C
2 201 95 1102 |16 {119 {113 1115 1115
3 1620 172|182 1191 190 | 295 (211 !21C
4 2031 213 2231 | 742 | 252 1261 1267 1267
5 2461 264 220 1295 | 306 | 217 1224 12325
¢ 290 | 310 {329 | 345 ! 259 {371 {330 ! 3E0
7 358 | 333 | 405 {426 [ 445 1460 {471 1 4TL
Set 4. B 400! 430 | A55 ! 460 | 50C {5IB 532 :535
9 A4 L 471 [ E00 | 525 | 548 | 567 (582 | 584
10 455 | 498 151B | 544 | 566 | 587 601 | 602
11 470 504 [ 534 15460 585 | G0S | 615 ¢ 620
12 47% 1 508 | 537 | 554 0 590 | 610 | 625 : 627
13 183 | 516 {546 {572 508 | 618 {632 | 631
14 492 | 523 | 551 | 57C | 602 | 622 | €35 | 634
15 5031 533 | S60 | 587 | 610 | 622 | 644 | 540
16 518 | 545 | STO | 587 | 670 | G40 | 652 | 545
1 123 | 131 {128 [ 143 | 150 | 152 | 156 | 156
2 226 | 255 | 272 [224 | 295 {275 {312 | 311
3 30C | 220 | 339 | 355 | 371 | 3283 1391 | 320
4 355 | 381 | 403 | 424 {441 ! 456 AGS | 465
5 2415 | 442 | 460 | 402 | 513 | 532 | 541 | 542
6 469 | 503 | 535 | 562 | 528 | 608 | €21 | 620
7 5251 563 {595 | 630 | 658 [ 684 | 69T 697
Set 5 @ 8 560 | 396 | 636 | 670 69C | 723 ¢ 742 | 744
;9 532 | 568 | 600 | 631 { 650 { 630 : 697 ¢ 698
: 10 ABS'| 514 | 542 | 570 | 594 | €15 | 632 | 634
1l 438 1 460 } 403 | 504 | 525 | 543 ! 556 § 556
P12 395§ 410 | 428 | 445 | 463 | 477 ¢ 480 | 487
P13 346 | 356 | 368 | 302 | 35G | ACE | 415 413
[ 14 298 | 201 | 208 | 320 | 329 | 336 | 444 | 441
| 13 150 181 | 1892 | 183 | 187 | 151 | 191 186
16 122|110 |103 {103 {162 | 102|103 99

Ny
1
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4.5 Cu = E’ZU(TT;\P,’\(-}E] + ECU(P.A\N)Z]

4.6 Em,“\:\:]o DP_\] [/TT«P,\,«;{]_L
2 futrnig]

4.7 Hle_l [%PA'T] - EPA@

Thesc ecquations for use in calculating K, are
[
the counterpart of those of cquaticns 4.1 to 4.3 used

fer the calculation of Kl

ii) In addition, the absorbance eguation was

used:

1 = MOy a ! A
4.4 Aj = Avr/w [P+ e ['_cu(TT/\erzﬂ

ACuF’Z Elu (PAL )5 +B

Then for.each solution specified in Table 7, a
set of thirty-seven equations was obtained by applying
to equation 4.4 the absorbances given in Table 8 at
5 nm. intervals in the range 400 nm. to 570 nm. As be-
fore, this treatment led to values of equilibrium con-
centrations with their standard deviations for HPAN,
Cu(TTAPAN) and Eu(PAN)Z.
tions, namely those Tor HPAK, Cu(TTAPAN) and Cu(PAN)Z,

the percentage standard deviaticn was calculated by the

From the thrze standard devia-

formula

&= GO x 100.
X
The lowest % £ of the three concentrations was then
noted by inspection, and the particular compound it
corresponded to was used for the further calculations,

The concentration found for this particular compound

.
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was then substituted into equations 4.3, 4.6 and 4.7,
together with the data for Cuo and HPAN o and these
three equations were then solved for the equilibrium

Cu(TTAPANY), Cu(PAM), and HTTA.

concentrations of HPARN 5

44
Therefromn, a value of K, was obtained.

2

In this way a value for K2 was obtained for each,
of the sclutions egpecified in Table 7. Thesse values of
K2 are tabulated in Table 9. From the seven values of
K2 in that table, & mezn value of 0.101 was obtained,
with a standarc deviation for six degreecs of freedom of
0.029. These values are fer the particular benzene-

mathanol mixture having 35.4 mol. % of methanol at 20°C.




Molar equilibrium concentrations of Cu(TTAPAN), Cu(PAN)z, HPAN and HTTA for the solutions having an

Table 9

initial molar concentration of HPAN in excess, and the values of K2 calculated therefrom,

Solvent: 35.4 moB%-of methanol in benzene.

Temperature: 20°C.

Guo ﬁnmﬁ]o Equilibrium concentrations, X x 105 Ko

¥ x 10°| M x 10° | HTTa Cu(PAN)z Cu(TTAPAN) St. Dev. HPAN St. Dev.

2.694 4,052 2,799 | .1C5 2,589 0,017 1.253 - 0.110

2,358 4,376 2,530 | .172 2,186 0.014 1.845 - 0.093

2.021 4,717 2,264 | .243 1.778 . - 2,453 0.012 0.079

1.684 5.049 1.948 | .264 1.420 - 3.101 0.011 | 0,Ce6

2.694 5,723 2,800 | .106 2,588 0.016 . 926 - ¢.081
" 4,302 2,836 }t .142 2,552 0.011 1.466 - 0,003
v 6,123 2,866 | ,174 2.520 C.013 3,255 - C.164

€9
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3 — The chelate exchange reactions of
CulTTAPAN, with HTTA and HFAN in

. mnthanol-benzene mixtures.
5.1 — Introduction

A method which would allow the evaluation aof Kl
and K2 for reactions A and B in mcecthanol-benzene mix-
o]
tures was developed by d'Amboise™, and it was applied

in the present investigation.

The method consisted of spectrophoctometrically
following the equilibrium concentrations ef Cu(TTAPAN)
and/or Cu(PAN)2 in reactions A and B, namely:

K—l
A) Cu(TTAPAN) + HTTA s==== Cu(TTA),+ HPAN

K2

B) Cu(TTAPAN) + HPAN —> Eu(PAN)zﬂ— HTTA

Thus, sets of solutions in methanol-benzene mix-
tures were prepared, in which the initial concentration
of Cu(TTAPAN) was kept constant, and the initial con-

centration of HTTA or of HPAN was changed.

The method requires that: i) only Cu(TTAPAN) and
CU(PAN)Z absorb at the wavelengths selected for the
absorbance measurements; ii) both Cu(TTAPAN) and
Cu(PAN)2 _
for the range of concentration studied; iii) the orxder
of magnitude of the molar absorptivities of Cu(TTAPAN)

in methanol-benzene mixtures obsy Beer's law

and Cu(PAN)2 was such that at an appropriate wavelength

one can be detected in the presence of a known amount
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of the other; iv) in rcacting Cu(TTAPAN) with HTTA in
methanol-benzene mixtures according te reaction (A)

the HPAN Tormed did not react significantly with
Cu(TTAPAR) present in equilibrium in the solution, to
form CU(PAN)Z according to reaction B; v) in reacting
Cu(TTARAN) with HPAN in mesthanol-benzene mixtures, the
HTTA formed did not react significantly with Cu(TTAPAN)
prescnt in equilibrium in solution, tc form Cu(TTA)

) 2
according to reaction (A)

These Qarious requirements were met in the present
investigation. Thus, in S5ection 4 it was shown that
Cu(TTAPAN] and Cu(P/\N)2 in 35.4 mol% of methenol in benzene
obey Beer's law in the range of concentrations used. It
is shown later in this section that these complexes also
obey Beer's law for all methanol-benzene compositions i

investigated.

The spectral range 540 nm. to 580 nm. was selected
for the absorbance measurements because in this range only
Cu(TTAPAR) and Cu(FAN),

Furthermore, in this range the molar absorptivities of

absorb significantly (see Figure 1).

the two complexes in methanol-benzene mixtures were found
to be different cnough to permit quantitative observation

of one in the presence of the other.

D'Amboise3 had previously shown that requirements
(iv) and (v) ere met. He did so by using his values of
Ki and Ké for reactions A and B respectively in pure
methanol and in pure benzene, to calculate the cquilibrium
concentrations cf the species that co-exist where
Cu(TTAPAN) is allaowed to react with HTTA or HPAN in these
solvents. These conclusions by d'Amboise have been con-

firmed in the present work. Thus, the values of Ki and Ké
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G}

2 A
o« el

found in this work are usaed in Sectian to show that

[ 8]

requirements (iv) and (v) were met in the present

systems.
5.2 — Procedures
5.2.1 = FPreparation of stock standard solutions

of Cu(TTAPAN), Cu(PAl) HTTA and HPAN

in benzene or methanol

2’

The materials have already been described in Section 3.2,

Stock standard scluticns of Cu(TTAPAN) and Cu(PAN)

in benzere or methanol, were prepared by equilibrating

2

excess solid with solvent and filtering with the apparatus
illustrated in plate 2. Then, the filtrate was diluted
with solvent to approximately twice.its initial volume

to yield a cancentration of approximately 4 x lD—A M and

2 x 10—4 ¥ for Cu(TTAPAN) in benzene and methancl respec-
tively, and of approximately 2 x lD-A M and 4 x lD—5 M

for Cu(PAN)é in benzene and methanol respectively. Prior
to use, the solutions were standardized by spectrophoto-
mectric titration with a standard aqueous solution of

EDTA (Appendix ITI).

Stock standard solutions of HPAN in benzen= or metha-
nol were prepared by dissolution of 0.C1 gram of the
s0lid in 100-ml. volumetric flask, with thes solvent. The
resulting solution was then standardized by spectrophoto-
metric titration against a standard aqueous soclution of
Cu(N03)2 (Appendix III).

Stock standard solutions of HTTA were prepared just

before use, by dissolution of a carefully weighed amount
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of the purified and dried solid with benzene or methanol
in a lCC-ml. volumetric flask, to yield =2 concentration
of approximately 0.1 M. A second stock solution of HTTA
in benzenc or methanol was prepared by transferring a
10-ml. eliquot from this 0.1 M solution into another
10C0~ml. volumetric flask, which was then diluted to vo-
lume with the solvent at 25°C.

5.2.2 — Preparation of solutions for determi-
nations of molar absorptivities of
Cu(TTAPAN) and Cu(PAN)2 in methanol-
benzene mixtures, and for spectropho-
tometric investigations on the chelate
exchange resactions of Cu{TTAPAN) with
HTTA or HPAN in methanol-benzene mix-

tures, at 25°¢.

The general procedure for the preparation of the
above solutions has been given in Section4,2on page 38.
Thus, aligquots of the stock standard solutions given in
Section 5.2.1 were pipetted in 25-ml. volumetric flasks,
and the appropriate benzene-methanol mixture was added.
The compositions of these various sets of solutions are
given in Table 10 (this table is the counterpart of Table
7). The methanol-benzene mixtures used in the spectropho-
tometric investigation of the exchange reaction between
Cu(TTAPAN) and HTTA at 25 +2°C. were in mol% of methanol:
8.38, 16.0, 23.0, 35.4, 40.9, 55.2, 5%9.4, and 76.7; for
the exchange reaction between Cu{(TTAPAN) and HPAN at
25+2%., 16.0, 35.4, 41.0, 50.9, 59.4, 76.7, and 89.8

mols methanol in benzene were used.

After the solutions had been prepared, they were

allowed to stand for three days, in stoppered volumetric
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Composition of solutions in methanol, benzene, or methanol-benzene

| ]
mixtures®, prepared from the stock standard solutions of Cu(TTAPAN),

Cu(PAN)z, HTTA and HPAN in benzene or methanol, and used for the

spectrophotometric study of the exchange reactions between Cu( TTAPAN)

and HPAN or HTTA, at 15°C., 25°C., and 25°C.

Number of
Set solutions prepared Compound( s) Concentration range, M
A 10-15 | cu(TTaPAN) | app. 8 x 107
HTTA 1 x 107! to 1 x 1074
B 10-15 | Ou(TTAPAN) | app. 2.5 x 1070
HPAN 2 x 1074 to 1 x 1078
c 6-8 Cu( TTAPAN) 4.5 x 107 t0 5 x 1070
D 6-8 Cu(FAN) 2.5 x 10~ to 2.5 x 1078
*g 3 Cu( TTAPAN) app. 5 x 1070
*F 3 Gu(TTAPAN)

arp. 2.5 x 10-9

! The methanol-benzene mixtures used in the spectrophotometric inves-
tigation of Cu(TTAPAN) with HTTA and HPAN have been given in
Section 5.2.2.

* The initial concentrations of Cu(TTAPAN) in sets E and F were the
same as in sets A and B respectively.



flasks in the dark, in order to allow the establishment

of cgquilibrium,

The fact that three days were sufficient to ensure
cquilibrium was proved in a separate sxperiment as fol-
lows: spectrophotometric measurements of solutions pre-
parad as described in set A of Table 10 were made after
two days and alsc aftgglggored in the dark for two months,

The results are in Table 11l.
5.2.3 — Spectrophotometric Mezasurements

The absorbances of all sets of solutions with com-
position listed in Table 10, were measured at 25+ 2°C,
in l-cm, silica cells, at the selected wavelengths in
the spectral range 540 nm. te 580 nm., by using the
Unicam 5.P. 500 spectrophotometer. The spectrophotometric
blank was always the particular methanol-benzene mixture

used as solvent in the sample for measurements.

5.2.4 = Procedure for the spectrophotometric
investigation of the exchange reactions
between Cu(TTAPAN) and HTTA or HFAMN,
in benzene, methanol arnd methanol-

benzene mixtures, at lSDC. and BSDC.

The solutions were prepared as in Section 5.2.2,
except that in the case of the chelate exchange reaction
between Cu(TTAPAN) and HTTA the solvents used were pure
benzene and 40.9 molé methanol in benzene, and in the case
of the chelate exchange reaction between Cu(TTAPAN) and
HFAN the solvents used were 40.9 mol% methanol in benzene
and pure methanol. The composition of the solutions used

in this investigation are also given in Table 10.

29
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Table 11

Proof of equilibrium of solutions Cu(TTAPAN) and HTTA in methanol-benzene mixtures at 25°C,

[ Absorbance_at
Initial Concentration Absorbance_at Ratio- 860mm x 10
Sol.| Cu(TTAPAN) | HTTA 550nm x 10° of Gol.IV | After |After Ratio of
No. 1x105 Mx10° After 2 days |After 2 months | to Col.V | 2 deys| 2 months | Col.VII/VIII
1 3,085 16.42 165 199 0.98 206 212 0.e7
2 " 14,56 220 217 1.01 235 232 1.01
3 " ©.708 262 262 1.60 278 279 1.C0
4 " 4,854 332 332 1.00 358 353 1.01
5 " 3.8683 o956 358 0.9¢ 380 382 .99
6 " 2.612 382 389 0.58 4C9 415 0.69
7 " 1.942 421 434 C.97 448 461 0.67
8 " 0.970 474 486 0.98 508 519 0.¢8
9 " 0.728 491 496 0.¢9 526 528 1.00
10 " 0.485 515 526 0.98 551 564 0.98
11 " 0.427 548 552 0.,¢9 o886 590 0.¢¢
mean= 0.99 mean= 0,99
st.dev.= 0,01 st.dev.=0,01
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The absorbances were mcasured as follows: comctant-
temperature water from a Sargent-Yelch thermostat (control
to £0.1°C.) was circulated through the water jacket of
the cell caompartment of the Unicem S5.P. 500 spectrophoto-
meter., The temperature of the l-cm. silica cell centain-
ing the sample of thc solution whose absorbance was to be
measured, was measured by using a ccpper-constantan ther-
mocouple. It was connected to the volt potentipeter des-
cribed in Section 3.1 and with orne end placedckightly
between the sample-cell and thé cell holder, and with
the reference end immersed in an ice-water bath; repetitive

measurements were made during the sxperiments.

The 25-ml. volumetric flasks containing the selutions
for measurements were immersed in the water bath of an-
other Sargent-Welch thermostat (centrol to *0.01°C.,
thermomonitor controlled), which was set at the same tem-
peraturc as the cell compartment of the spectrophotomzter.
After 2llowing them to stand for four hours, they were
removed and quickly dried with absorbent paper. Immediate-
ly a sample of the solution was transferred to the l-cm.
sample~-cell. The temperature was measured after two mi-
nutes and then the absorbance was measured at each selected
wavelength, The spectrophotonetric blank was always the

methanol-benzene mixture being used for the sample solution.
3.3 — Results and Treatment of the LData
5.3.1 — The cxchange reaction between Cu{TTAPAN)
and HTTA in methanol-benzene mixtures,

at 25+ 2°¢C.

i) Equation to calculate Kl for reaction (A)

The species that co-exist in the exchange reaction
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of Cu(TTAPAN) with HTTA in methanol-benzcecne mixtures

are: Cu(TTAPAN), Cu(TTA)Z, HTTA and HFAN. OFf these
compounds, only Cu(TTAPAN) abzorbs in the spectral range
used, namely 540 nm. tc 58C nm. (sees Figure 1). Thus,

if the known concentration of the add:d Cu(TTAPAN) is

kept constant for all the solutions prepared as in set A
and listed in Table 1€, the exchange reaction can be fol-
lowed spectrophotometrically by chancing the initial known
concentration of HTTA in these solutions. The molar ab-
sorptivity of Cu(TTAPAN) in the methanol-benzene mixture

at the chosen wavelengths was also required.

The molar absorptivities of Cu(TTAPAN) in m=thanol-
benzene mixtures at the wavelengths selected, were deter-
mined by a least-squares fit of the data , from the
measured absorbances and the known concentrations of the
solutions of set C in Table 10. The valuecs obtained for
all methanol-benzene solvent mixtures studied in the spec-
tral range given above, arec entered in Table 12, Beer's
law was ocbeyed for all of these solutions in the range
of concentrations studied; a2 plot of absorbance versus
concentration is given in Figure 3 for 35.4, 59.0, and

16.7 mol% methanol in benzene.

A rigorous equation is now derived, in order to
treat the absorbance data in Table 13. Let round
brackets, (), denote activities, and square brackets,[ ],
molar concentration. Let Yk d=znote the molar activity

coefficient for species A. Then for reaction(A)

(A) Cu(TTA)24F HFAN = Cu(TTAPAN) + HTTA

(5.1) K, = [Cu(TTAPAN) * (HTTA)

EU(TTA)Q . [_FiPAr_-'ﬂ



Molar absorptivity of Cu(TTAPAN) in methanol-benzene mixtures, in the spectral

580 nm., at 25% 2°C.

Table 12

The solutions used are set C of Table 10.

range 540 nn. to

Solvent; mol¥ | Least-squares value of molar absorptivity and st. Qev., x 10'4
nethanol in ! wavelength in nm.

benzene 540 550 554 560 864 565

8.38 1.88 0.009| 2.081 0,006 - - 2.215 0.C08 - - 2,252 0.010
16.0 - - 2.024 0,011 - - 2.150 0,013 - -~ - -
23.0 1.87¢ 0,006 | 2,069 0.002 - - 2.204 0,008 - - 2.229 0.01¢C
35.4 1.847 0,018 | 2,040 0.020 - - 2,176 0.021 - ~ - -
40,9 1.835 0,010 2.037 0,008 - - 2.182 0,007 (2,209 0.008 - -
50,9 1.877 0.008 | 2,052 0,C07 - - 2.174 0,007 - - - -
55,2 1.877 0,007 | 2.055 0.009 - - 2.178 0,008 - ~ - -
59.4 - - 2.088 0,011 - - 2,231 0,008 - - - -
76,7 1,895 0,005 | 2.079 0,006 | 2,123 0.007| 2,167 0,008 - - - -
89.8 1.913 0.004 | 2.091 0,005( 2,147 0.006| 2.174 0,008 - - - -

€9



Table 12 (continusd)

Solvent, mol%

methanol in

Least-squarss value of molar absorptivity and st. dev., x 10~

4

wavelengths in nm.

benzene 566 570 580 N*
8,38 - - 2.242 0,008 |1.896 0,013 8
16.0 2,182 0,013 | 2.152 0.013 - - 8
25.0 - - 2.198 0,007 {1.811 0,007 9
35,4 - - - - - - -
40,9 - - 2,183 0,017 (1.788 0,023 10
50,9 - - 2,068 0,011 - - 7
55.2 - - 2.114 0.012 |1.686 0©.017 6
5¢.4 - - - - - - -
6.7 - - 2.013 0,010 - - 8
89,8 - - 1.920 0.011 - - 7

* No. of solutions used for least-squares fit.



FIGURE 3

Beer's law plot Tor Cu(TTAPAN)
in (a) 35.4 mol% wmethanol, (b)
76,7 mol% methanol and (c) 59.0

mold methanol in benzene

Note:

(1)

The concentration range for
Cu{TTAPAN) in these solvents
was approximately 5 x lD-G M

to 2 x 1055 M

Fach of the three graphs on
extrapolation passed through

the origin.

65
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(5.2) whore: ?V
- * T = CulTTAPRAR)

TU(TT/\)Z’ ?/;PAN

It was shown on page 62 that Cu(TTAPAN) obeys Beer's
law in the benzene-methanol solvents. Further, the absor-
bances in Table 13 are for Cu(TTAPAN). Therefore:

(5.3) A = a - [Cu(TTAPAR))
(5.4) A, = a-[cu(TTAPAN)]
where a is the molar absorptivity of Cu(TTAFAN); and
subscript zero denotes the initial value before addition
of HTTA to the solution of Cu(TTAPAN).
Now the data in Table 13 refer to equilibrium solu-

tions that resulted from mixing Cu(TTAPAN) and HTTA.

Therefore at equilibrium,
(5.5)  [rear} = [cu(TTA) ]
Then from equaticns (5.1), (5.3), (5.4) and (5.55,

(5.6)a Kl B A/a (HTTA)

r {[CU(TTI\PAN ], - g} 2

>

(5.6), Ky _ a/a (HITA)
T
T

It is necessary to express (HTTA) in terms of
@TTA}T, the stoichiometric concentretion of HTTA added,




68

sincc only the later velue is given in Table 13, Now
" HTTA in solution is considered to exist in several forms
(7,20,21,22), '

L OH 0
1 "
encl, 5 —C:CH—C—CF3 » denoted hcre by HTTA

C Q
" '
keto, LS,L-C-CHzf-CF , denoted here by HTTA'

3
- C OH
n ] .
methanclate, g -C—CHZ-C-CF3 , denoted here by
1]
OMe HTTA'.,S
0 OH
1" 1
hydrate, S -C—CHZ-C-CF3 y denoted here by
OH HTTAY ow
| 0 OH
n
The enol isomer -C-CH=é-EF3 is known to be

present in only very small amounfs, (22,25).

In addition, the encl is a weak acid, dissociating
to H* and TTA™, with a dissociation constant Ka, depen-
ding on the solvent and the pH22. In dry benzene, 95%
of the HTTA is reported to exist in the enol formT’ZD,
whereas in benzene saturatad with water 11% of the HTTA

is present as ketohydratezo.

The methanol-benzene mixtures used in the present
work also conteined water in the concentration range
1 x 10_3 M (for benzene) to 2 x lD-'2 M (for methanol);
Moreover, Adam. and Larsenza, who have studied the
kinetics of ligand exchange between metal chelates and
ﬂédiketones,have shown that only the exchange of the encl

form is important.
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Let the equilibrium constants be

(5.7) Ky = (HTTA)

(HTTA)

(5.6) ¥_ . (UTTA'.S
(HTTAY (S)

where (S) is the activity of methanol in the benzene-

methanol solvent.

(5.9) K (HITA'.w)
(HTTA) (w)

where (w) is the activity of the very low concentrations

(approximately 0.02 M) of water in the mixed solvent,
(5.10) k, _ (ITAT) (F) . (11AT)2

(HTTA) (HTTA)

then since

(5.11) EHT@]i = EﬂTﬂ “+ @TTAj-+ ﬁTfA'.ﬂ-+

EWTA'.ﬂ-+ ﬁTA]-f[Fu(TTA)i

where IIjTTA]i is the initial stoichiometric concentration
of HTTA. On substituting cquations
(5.7)-(5.10), into egquation (5.11),

(5.12) HTTA -~ |Cu{TTA)
N L S Tt
where
(5.13) 1 K, K, K_(5)
=l K + ks 4
JHTA J;TTA' Jurtar.s
K'k (w) K 1/2
K W a

e N
ZYLTTA‘.w (HTTA)?
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then equétion (5.06) becomes:

(5.14), 59w ‘EHTTA] - [curTapan)] +A/’]

T (Lc W(TTAPAN) _ - A/a}?
(5.14) (A/a) [[HTTA] - A A
K a
r A - A e
a
From the data on Table 13, and the absorbance values

in Appendix IX, the R.H.S5. of equation (5.14)6, i.e.
Kf@/r, was evaluated for esach equilibrium solution at
each wavelength. The results are reported in Teble 13,
and representative sets of these data are plotted in
Figures 4 to 6. Inspection shows that these plots (and
the data) exhibit a plateau, with abnormally high values
of KfF/r at the extremities, particularly at the lowest
values of [HTTA],. The matter is dealt with in the Dis-

cussion Section.

5.3.2 — The exchange reaction between Cu(TTAPAN)
and HPAN in methanol-benzene mixtures,
at 25+ 2°C,

The chelate exchange reaction (B) Cul{TTAPAN) + HPAN=
Cu(GAN)iP HTTA in benzenc-mesthanol mixtures at 25+ 2°C.
was followed spectrophotometrically over the range 540-580

nm., in order to calculate the molar esquilibrium constant KZ:

(5.15) [CU(PAN)Z‘]'(HTTA)
2 [Cu(TTAPAI\j_)]-[HTT/EI

xp
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Values of the function »r

reaction

mixtures, at 25+ 2°C,

Table 13

Cu(TTa) o+ EPAN == Cu(TTAPAN) + HITA

Absorbance values used are in Appendix IX.

in benzene-méthanol

of equation (5.]4)a, for the chelate exchange

Solvent: | Initial conc, | Initial stoichiome-
Sold mol% of Cu(TTAPAY) | tric conc. of HTTA Kl‘-P/r
No.| methanol| ¥ x 10° M x 10* wavelength, nm.
540 | 550 | 560 | 565 | 570 | 680
1 8.38 3.085 388,53 nos | vae | 7e5 | ve8 | 781 | 783
2 " " 291.2 767 | 762 | 767 | 761 | 761 | 776
3 " " 194,82 765 | 746 | 746 | 748 | 744 | 743
4 " " 145.6 680 677 | 681 | 680 | 688 | 666
5 " " §7.08 78| 717 |74 | 74 | 705 701
6 " " 48.54 635 | 646 | 650 | 656 | 656 |654
7 " " 38,83 637 | 645 {652 | 648 | 642 | 641
8 " " 29.12 825 | 636 | 650 | 658 | 659 | 699
o " " 19.42 627 | 640 |655 | 651 | 645 | 689
10 " " 9,708 815 | 641 |663 | 670 | 677 | 693
11 " " 7.281 599 611'6.56 653 | 636 | 625
12 " " 4,854 574 | 621 |646 | 662 | 658 | 787
13 " " 2.427 584 | 635 {660 | 693 | 650 | 773




Table 13 (continued)

T2

Solvent: |Initial cond. Initisl stoichiome-

Sol. | mol% of Cu(TTAPAN) | tric cone. of HTTA X,\¥/r

No. | methanol Mx 105 Mx 104 wavelength, nm.
540 | 550 |560 [565 |570 | 580

1 23,0 3.085 201,2 542 | 531 |532 |536 |535 | 548

2 " " 194.2 522 | 505 |503 |505 {506 | 507

3 n " 145.6 504 | 40 [489 |493 |501 | 505

4 " " 97 .08 488 475 476 |478 {475 | 485

5 " " 48.54 466 | 456 (463 |466 (477 | 492

6 " " 28 .83 461 | 465 |461 |468 [472 | 480

7 " " 29,12 471 | 472 473 |489 [485 | 511

8 " " 19.42 463 | 458 | 465 | 469 | 473 | 486

9 " " 9,708 445 | 451 |464 | 479 |483 | 515

10 " " 7,281 436 | 454 461 | 475 489 | 519

1 " " 4,854 437 | 448|480 (505 | 516 | 589

12 " " 2,427 473 | 420 |522 | 526 | 549 | 676
550 | 560 | 566 | 570

1 16.0 3.166 277,3 588 | 585 | 595 | 605

2 " " 246.5 591 | 594 | 602 | 609

3 " " 184.9 574 | 583 | 599 ( 613

4 " " 154.,1 558 | 567 | 576 | 586

5 " " 123.2 521| 529 | 545 | 555
{

Pt



Table 13 (continued)

Solvent: | Initial conc.| Initial stoichiome- ‘
Sol.| mol% of Cu(TTAPAN)! tric conc. of HTTA K]Y/r
No. { methanol M x 105 M x 104 wavelength, nm,
550 | 560 | 566 570
6 16.0 3.166 92,44 53¢ 551 | 556- | 564
7 " " 61,62 530 | 545 | 562 | 574
8 " " 30.81 548 | 546 | 548 | 567
9 " " 24,65 529 ( B46 | 565 | 582
10 " " 18,49 538 | 653 | 672 | ©86
11 " v 12,32 534 | 570 | 588 | 619
12 " " 6.162 5565 587 | 604 | 641
550 | 560 | 565 | 570
1l 35.4 3,165 277.3 387 | 393 | 390 | 398
2 " " 246.5 3e1 | 388 | 396 | 327
3 " " 184.9 375 | 284 | 383 | 390
4 " " 154.1 383 | 378 383 392
5 " " 123, 2 3g7 | =78 | 379 | 385
6 " " 92.44 357 | 367 | 370 | 375
7 " " 61,62 354 | 36¢ 377 283
8 " " 30.81 356 | 374 | 380 | 386
9 " " 24,65 31 | 373 | 378 | 387
10 n " 18.49 355 | 373 | 378 | 382
11 _". " 12,32 350 | 382 | 390 | 399
12 " " 6.162 336 | 3¢9 400 | 399




Table 13 (continued)

Th

Initial conc.

Initial stoichiome-

Sol. | Solvent:
No. | mox% of Cu(TTAPAN) | tric conc., of HITA Kltp/r
methanol Mx 105 Mx 104 wavelength, om,.
550 560f 570
1 35.4 3.754 420.1 435 4331 445
2 " " 280.0 419 422 | 435
3 " " 196.0 407 411 428
4 " " 140.0 389 398 | 416
) " " 84,01 391 395 | 420
6 " " 56.01 393 405 | 440
7 " " 28.00 413 | 427 482
8 " " 11.20 424 461 | 573
9 " " 8.401 405 4501 550
10 " " 5,601 443 | 472 | 575
11 " " 2,520 505 589 | 854
12 " " 1.400 524 725 {1,237
540 | 650 {560 | 564 | 570 | 580
1 40.9 3.085 194.2 430 | 410 {400 | 405 | 399 } 396
2 " " 145.6 411 | 391 388 | 389 | 388 320
3 " " 97,08 401 | 385 (376 (378 | 373 | 381
4 " i 48,54 389 | 373 | 370 369 | 370 ] 371
5 " " 38,83 397 | 378 [ 373 |374 | 366 | 363
6 " " 29.12 389 | 372 | 371 ;374 | 370| 379
4 " " 19.42 300 | 386 | 373 |378 | 371 | 387




Table 13 (continued)

[F]

Sol. | Solvent: {Initial come. | Initial stoichiome-
No. |mol% of Cu(TTAPAN)| tric conc. of HTTA X Y/r
methanol M x 109 Mx 104 wavelength, nm,
540 | 550 | 560 | 564 | 570 | 580
8 40.9 3.085 9.708 403 | 391 | 392 | 395 |390 |403
9 " " 7.281 402 | 383 | 383 | 285 | 375 [282
10 " " 4.854 400 | 392 | 387 | 402 | 399 |418
11 " " 2.427 429 | 414 | 402 | 409 |419 [423 .
|
540 | 550 | 560 570 | 580 ’
1 55.2 3.085 194.2 332 | 521 | 323 | 322 | 305
2 " " 145.6 325 | 314 | 317} 312 | 295
3 " " 97.08 310 | 202 | 307 | 303 | 285
4 " " 72.80 309 |301 [ 301 | 297 | 280
5 " " 48,54 306 [ 299 | 303 302] 280
5 " " 38,83 308 | 301 (303 296 | 275
7 " " 27.91 305 | 300 | 303 | 301| 273
8 " " 24,27 306 | 299 {305 302] 268
9 " " 19.42 307 | 303 | 309 301 | 260
10 " " 9.708 309 | 309 | 318| 321| 275
11 " " 7.281 319 (309 | 319( 320 291
12 " " 4,854 342 | 330 | 359 374 311
13 " " 3.64)1 323 |340 | 349 | 361 | 291
14 " " 2,427 340 | 346 | 392| 406 | 318




Table 13 (continued)

76

Sol.| Solvent: | Initial cone. | Tnitial stoichiome-
No. | mol% of Cu(TTAPAN) | tric comc. of HI'TA KIW/r
netkanol Mx 105 ¥ x 104 wavelength, nm,
540 | 550 | 860
1 59.4 3.646 147.5 233 229 233
2 " " 132,8 237 | 229 228
3 " " 118.0 233 | 217 220
4 " " 103.3 238 | 232 | 230
5 " " 88,51 238 | 228 227
6 " " 73,76 234 | 232 | 233
7 " n 59.01 2%0 230 233
8 K " 51.63 232 | 236 | 230
9 " " 44,26 239 226 227
10 " " 29.50 241 | 230 | 227
11 " " 14,75 241 255 254
12 " " 7.376 210 | 243 | 237
540 | 550 | 560 | 570 | 580
l 76.7 3.085 194.2 266 | 256 | 255 | 255 | 248
2 " " 145.6 250 | 238 | 245 247 252
3 " " 97,08 243 | 236 | 240 | 240 ] 235
4 " " 48,54 22¢ | 222 | 228 | 234 230
5 " " 38.83 233 | 825 | 231 | 242 226
6 " " 29.12 226 | 221 | 234 | 229] 238




4 8

Table 13 (continued)

Sol. | Solvent: | Initial conc.| Initial stoichiome-
No. | mol% of Cu(TTAPAN)| tric conc. of HTTA K lkp/r
methanol | M x 10° M x 100 wavelength, mm,
540 | 550 560 | 570 | 580
7 7647 3,085 15.42 246 | 237 | 247 | 254 | 264
8 " o 2.708 245 | 23¢ | 269 | 286 | 201
9 " " 7.281 242 | 233 |261 | 273 | 269
10 " " 4.854 233 | 233 [266 | 200 | 269
11 " " 2.427 247 | 243 |292 | 307 | 292




T8

where

(5.16

Cu(TTAPAR) ZEEAN

)
P

and where round brackets denote activity, and square
brackets concentration. The initial concentration of
Cu(TTAPAN) was kept constant, and that of added HPAN
was varied (set B, Table 13). However, unlike reaction
(A), the absorbances of Cu{TTAFAN) and of Cu(PAN)2 had
to be taken into account in rsaction (B). Consequently
their molar absorptivities had to be obtained. However,
all the other information used in the derivation of the
equation which allowed the calculation of Kl VVr is

applisd in the present case.

THB molar absorptivities of CU(PAN)2 in the methanol-
benzene mixtures ussd were obtained as usual, from the
concentrations and measured absorbances of the solutions
prepared as in set D given in Table 10, -in the spectral
range selecfed, at 25i=20C. These values are entered in
Table 14, In all cases it was found that Beer's law was

obeyed.

A rigorous equation similar to equationS5.l4for

reaction (A) is now derived for reaction (B).

(5.17) [cu(TTAPANﬂ .= EZu(TT/‘\PANz' + [{:u(PAN)Z',

(5.18) E-IPANJi E—lPAN]—i—EZu(PAN)Z_'

and

(5.19) [HTT/\]T (HTTA)Y = [CU(PAN)Z]



Table 14

Molar absorptivity of Cu(PAN)2 in methenol-benzene mixtures, in the spectral range 540 mm. to
580 nm., at 25% 2°C.

The solutions used are set C of Tuble 10.

Solvent ; Least-squares value of molar absorptivity and standard deviation,

mol% me- - x 1074

thanol in wavelength in nm.

benzene 540 550 554 560 570 N*
16.0 3.892 0,008 | 3,945 0,007 - ', - 4,058 0.011| 3.425 0,015 8
35.4 3,868 0,035 | 3.S64 0.032 - - 4,044 0,028 - - 6
41.0 3.880 0,011} 4,008 0,011 - - 4,044 0.014] 3.224 0,020 8
50.9 3.865 0,007 | 3,995 0,010 - - 4,010 0.013| 3.188 0.02¢ 6
59.4 - - 4,037 0,011 - - - - - - 6
76.7 3.717 0,018 | 3.871 0,008{ 3,927 0.010 3.810. 0.015| 2.858 0.005 )
59.8 3.751 0.006 | 3.833 0,028 3,849 '0.035| 3,658 0.032| 2.574 6;008 6

* No. of solutions for least-squares fit.

6l



where subsrcript i1 denotes initial concentration, subscript
T denotes total (stoichiomeiric) concentration, and LP

is defined by equation (5.13).

(5.20) A = ac, (trapan) [Cu(TTAPAN] +
aCu(PAN)Z[CU(PAN)Z—I
Ay = 2Cu(TTAPAN) [C“(TTAPAN]i

where A is the measured abserbance of the solutinn spe-
cified in set B of Table 10, a

tivity of species L, and AO is the absorbance which a

denotes the molar absorp-

given solution would have if HPAN had not been added
{set F of Table 10).

Then it is readily shown that{

(5.21)  Cu(PAN), A - A - 9

= o

I

at:u(PAN)2 = 8Cu(TTAPAN)

which for cenvenience is represented by 6}

Substitution of equations (5.17), (5.18), (5.19),
(5.20) and (5.21) into equation (5.15) gives

4%

(5.22) Kyp _ &
p ([CU(TTAPANHI,— 9) ([HPArﬂ ;- 6)

which may be rearranged to give:
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- Lrd [\
(5.23) #yep CulTTAPALT - & = FCu(TTAPAN)
P

Tcutra), fluean]. )
<

For gach mothanol-benzene mixture used as.éolvent
for the ecxchange reaction of Cu(TTAPAIN) with HPAN, listed
on page 67, and for esch wavelength sclected in the
spectral range 540 nm. to 565 nm.:, the right-hand side
of equation 5.23 was calculated for each concentration
of total HPAN added tco the solutions in ~2t B of Table 10.
The value.of Eu(TTAPAN{]i was also known, the values of
A and AO werz measured, and the values of the molar absorp-
tivities of Cu(TTAPAN) and Cu(PAN)2 were obtained from
measured absorbances and concentrations of solutions in

sets C and D respectively (Table 10).

The measured absorhances A and AD are given in
Appendix X. The molar absorptivities of Cu(TTAPAN) and
Cu(PAN)2 in the methanol-benzene mixtures used are given
in Tables 12 and 14 respectively. From these data, a set
of values of Kztf was calculated for each wavelength,

p
These valuzs are enterec in Table 15,

! Absorbances values beyond 565 nm. were not recorded.
The error in setting thes wavelength was relatively
large beyond 565 nm., because around this wavelength
the absorption curves were rising steeply.
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Table 15

Values of the function quyp'of equation (5.23), for the
chelate exchange reaction

Cu(TTAPAN) + HPAN T2 Cu (PAN) =4 HTTA
in benzene-methanol mixtures, at 25 +2°.

Absorbance values used are in Appendix X.

Sol.|Solvent; | Initial conc.| Initial stoi- K\/p x 0%
Mo. | mol% of¢Cu(TTAP-N) chiuometric | wavelengfh, hm.
methaneol | - M x 10 conc. of HPAN
M % 103
< 550 560 566
1 16.0 2.652 12.16 56 [62 [38
2 " " 11.30 48 |52 |31
3 " " 10.43 47 |50 |32
4 n n B.688 47 |49 |30
5 " " 7.819 34 |41 |28
6 " " 6.950 26 |53 |35
7 " " 5,213 45 |51 (34
8 " " 4,344 47 |52 |36
9 " " 3.475 51 |56 |39
10 " " 2.607 35 |38 |25
11 " S 1.738 58. |68 |44
12 " " 0.869 a7 142 |29
540 550 560
1 35. 4 2.652 12.16 T oa [786 [79
2 " " 10.43 g9 | 73] 73
3 " " g.688 90 | 75 | 79
4 " " 6.950 53 [ 75 | 81
5 n B 6.082 79 | 72 | 70
6 " " 5,213 85 | 76 | 76
7 L. " 4.344 A 79 73|78
8 " " 3.475 79 | 74 | 78
9 " n 2.607 79 | 81| 82
10 " " ' 1.738 37 | 83| 86
11 " " 0.869 85 | 85 | 94




Table 15 (continued)
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Sol.|Solvent; | Initial conc.| Initial stei- KY¥/p x 10°
Mo. |mols of Cu(TTAPAN)| chiomstric -
methanol Mox 105 conc. of HPAN wavelength, nm.
[ox 102
540 550 560
1 41.0 3.032 11,60 116)90 |82
2 " " 10,63 104}94 |86
3 " " 9.668 107123 [90
4 " " 8.701 142)93 |86
5 " " T.734 100|199 |92
6 " " 6.760 94 190G 92
T " n 5.801 98 {89 |95
8 " " 4.834 103510097
9 n " 3.867 100[96 |97
10 n n 1.934 97 {93 {100
11 " " 0.967 104|105{116
12 n " 0.677 97 11C01110
540 550 560
1 50.9 3.032 11.60 1411115120
.2 n n 10.63 14111241129
3 " " 9,668 128(113)114
4 " " g.701 1281118{123
5 " " T.734 13111221109
6° " " 6.768 11711241112
7 " " 5,801 130f1221121
8 " n 4,834 116811173114
9 " " 3.867 113{119 (119
10 " " 0.967 118§131)119
11 n " C.677 130{127(152




(continued)

Sol,{Solvent; |Initial conc. | Initial stoi- KYW/p x 163
No. [mold of Cu(TTAPAN) | chiometric wavélength am.
methanol M x 10° conc, of HPAM ’
% 107

550
56,4 1.t22 10.99 123
2 " " 10.08 158
3 " " 2,162 149
4 " n £.246 149
5 " " 7.330 145
6 " " 6.413 150
7 " " 5.497 ~ 133
8 " " 4.581 102
9 " " 3.665 103
10 " " 2,749 134
11 " " 1.832 132
12 n " 0.861 135
550
1 59.4 1.£22 12.44 118
2 " " 11,20 130
3 " " 8.708 126
4 " " 7.464 126
5 " " 6.220 123
6 " " 5.598 125
7 " " 4,976 123
g " " 2.488 122
9 " " 1.866 133
10 " " 1.244 150
11 " " 0.622 169




(centinued)

Tahle 15

Sol. Solzsnt; Inihial.conq, In%tial ctni- quVp X 103
No. | mold of Cu(TTAPAL)| chiometric ,
methanol | 1 x 109 conc. of HpAn| wBvelength, nm.
» [ 10°

540 530 554 560

1 T6.7 2,110 11.71 37413111295]320
2 " " 2,760 343 1210)2389]324
3 " " 8.704 214 |2E€3]257} 301
4 " " 7.8C8 3032811272295
5 " " 6.832 303 |3C0)|267}285
6 " " 5.056 292 {287(2831288
T " " 4,830 291 [275)263(269
8 " " 3.904 25112521245}243
9 " " " 2.928 3401348|3311361
10 n " 1.952 3051309|330f325
11 " " £0.976 2431383]3421353
‘ 540 550 554 560

1 8%.8 3.032 11.60 4061443] 406|405
2 " " 1C.63 JEFA2T7]463]1438
3. " " 9.668 350|297 413[399
4 " " 6.701 400|453 455] 455
5 " " 7.734 33C|268| 395|398
6 " " 6.768E 37114281416{429
7 " " 5.801 339|386(35T7)431
8 " " 4,634 3531400({363{398
9 " " 3.867 33614241 396] 456
10 " A 1.534 317)377]216] 419
11 " " 0.957 2921535|417] 407
12 " " . 0.677 318(398|417]482
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5.3.3. The exchange reaction of Cu(TTAFAR)
with HIFAN and HTTA in mesthanol, benzene
and methanol-benzene mixturcs, at 15°¢C.
and 35°C. |

The equations 5.14 and 5.23, which allowed calcula-
tion of Kl(P and KZ?’ at 25% 2°C. for reactions (A)
r P '
and (B), were also used to calculate these quantities at
15°c. and 35°C. .

In Section5.2.4 , the procedures have been describead
for measuring the absorbances of these solutions at 15°¢C.
and 350C., having the compositions specified in Tables 10,

8 and 19. The known initial concentrations of the reac-
tants Cu{TTAFPAN), HTTA and HIMAjN in these solutions were
for 25°C. However, it was unnecessary to correct these
concentrations for the change in volume of the soclution
in going from 25°C. to 35°C. or from 25°C. to lSOC.,
because these volume changes would equally affect the
value both of the numerator and of the denominator of the
R.H.S. of equations 5.1 and 5. 15

‘The molar absorptivities of Cu(TTAPAN) and Cu(PAN)2
were obtained by measuring absorbances at_lSDC. and 350C.,
but the concentration of solute was for 25°C. It was ne-
cessary to calculate the molar absorptivities in this
way because corrections for change in concentration due
to volume change witn temperature had not been made for
the other variables in equations 5.14 and 5.23, as ex-
plained in the preceding paragraph. These values of molar
absorptivities, in the spectrasl range used, are entered
in Tables 16 and 17, for Cu(TTAPAN) and Cu(FAN)
tively.

, Tespec-
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Table 16

Molar absorptivity of Cu(TTAPAN) in pure methanol, pure benzene and in 40.9 mol% methanol in benzene,
at 15°C. and 35°C.

The solutions used are set C of Table 10.**

‘Solvent; Least-squares value of molar absorptivity and standard deviation
Tempe-| moléh me- x 1074
rature| thanol ir wavelength in nm,
°c. | benzeme 540 550 560 564 570 580 N*
0.0 1.907 0,024 2,127 0,020| 2,243 0,006 - - 2,301 0.006 2.046 0,013 | 7
15 40,9 1.238 0.012} 2,152 0.010 2.266. 0.010( 2.272 0.008[ 2.198 0,015|1.776 0.018] 6
100.0 1.985 0,007 | 2.146 0,006 | 2.186 0,007 - - 1.832 0,020 = - 9
40.9 1.883 0.013) 2.084 0,009 | 2,188 0.011} 2.182 0.005| 2.C97 0,013 1.676 0,015 6
35 100.0 1.921 0.007{ 2,077 0.003 | 2,086 0.004 - - 1.735 0.010| -~ - a
0.0 1.503 0,025 2,083 0,018 | 2,193 0,010 - - 2.222 0,0C8/1,224 C,01S} 7

** The concentration of Cu(TTAPAN) in these solutions was for 25°C.

* No. of solutions for least-squares fit.

Lg




Table 17

Molar absorptivity of Cu(.’E’AN)2 in pure methanol and in 40,9 mol% methanol in benzene, at 15°C. and 35°C.,
The solutions used are set D of Table 10.**
Least-squares value of molar absorptivity and standard deviation

Temp. | Solvent; mol% x 107 ;  wavelength in nm.

©C. | methanol in benzene 540 550 560 N*
40-9 - - 4.056 00013 4.092 0.015

15%c.
100,0 3,523 0,023 3715 0.023 3.400 0.021 7
40,9 - - | 3.98 0.012 | 3,186 0,012

259G, )
100,0 3,458 0,020 3.570 0,023 | 3.183 0,011 7

* No.

of solutions for least-squares fit.

** The concentration of Cu(PAN)z in these solutions was for 25°C.



Reactions (A) and (8) at 35°C. and 15°C. were studied
in the following solvents: for the exchange reaction for
Cu(TTAPAN) with HPAN pure methanol, and 40.9 wmol% methanol
in benzene were the solvents. For the exchange reaction
of Cu(TTAPAN) with HTTA pure benzene, and 40.9 mol%
methanol in benzene were the solvents. The molar absorp-
tivities of Cu(TTAPAN) and Cu(PAN)., were of coursec also

2
measured in these solvents.

5.3.3(1) Calculated values of the function Klep
T
of equation 5.14, in pure benzene and

in 40.9 mold® methanol-benzene, at 15°¢C.

and 350C.

In Table 18 are entered the absorbances A and A_
(defined in Section ), found at 15°c. and 35°%C. for
reaction (A). The composition of the solutions are specified
in Tables 130 and 18. These absorbance values, together
with the molar absorptivities of Cu(TTAPAN) listed in
Table 16, were used directly in equation 5.14 in order
to calculate Kl?’ . The values so obtained are given for

T

gach wavelength in Table 18.

5.3.3(ii)Calculated values of the function K29D
P

of equation 5.23 in pure benzene and
40.Y moldh wmethanol in benzene, at 15°C.
and 35°C.

The measured absorbances of solutions cof known
ExATTAPAN{]i and Equg]i in sets B and F of Table 10,
together with the molar absorptivities of Cu(TTAPAN) and
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Table 18

Spectrophotometric data and calculated values of the function KltP/r of equation (5.14) for the chelate exchange

reaction e
Cu(TTA) -+ HPAN__ .Cu({TTAPAN)- HTTA
in pure benzene and ifi 40.9 mol% methanol in benzene, at 15°C. and 35°C.

—-lemperature = 150G, —
Solvent| Sol. [Cu('l'TAPéN)] ;| [ETTA]4 Absorbance x 10° KWY/r
No. Mx 10 ¥ x 10° wavelength, nm. wavelength, nm.
540 | 550{ 560 | 570 | 580 540 {550 ;560 |[S70 {880
[1)]
5 1 4,548 864,3 " 266 | 297 | 318 | 326 | 287 121211214;1.251}1248|1225
S 2 " 648,2 205 | 338 | 361 | 370 | 325 119211176 11208{120511175
a 3 " 51€.6 328 | 375 | 400 | 410 | 360 119211178 1210{1207{1173
g 4 " 432,1 364 |- 405 | 432 | 442 | 3°0 11831117611216{1202]1180
3 5 " 345,7 398 | 441 | 459 | 478 | 422 11¢0]1166{1197]117611154
P 6 " 172,.¢ 492 | 551 | 586 | 600 | 526 115C11157|1206111¢5]1135
7 " 129,58 530 | 692 | 62¢ | 346 | 5588 11501156(11¢5{1215([1145
8 " 82,11 582 | 652 | AY2 | 712 | AR2Y7 1118(11421118311200(11.42
9 " 64.82 6C8 | A78 | 725 | 748 | 658 1115(1113§1209[1248(1173
10 " 56.18 B20 | 6S4 { 742 | 783 {670 1084111061120811224 1132
11 " 43,21 650 | 724 | 772 | 792 | KGR 11314§1119(121411212{113¢°
12 " 34,57 668 | 748 | 796 | 815 | 716 11051113811228]11208 110¢8
13 " 21,61 700 (| 782 | R40 | 865 | 755 102611C40{128311300{108C
14 i 12,96 730 { 825 | 878 { 898 | 790 0E211115|1262]1202 |1057
15 " 4,321 766 | 878 | ¢45 | 964 | 850 a701997 11620113€511150
g 54C | 550 | 5A0 | £54 | 570 | 580 |{ 540 | 550 | E60 | 584 | £70 | ©80O
g 1 3.085 194.2 187 1169 | 212 | 214 | 207 | 167} ARES | 5S¢ | 503 | 619 {523 | 620
ﬁ 3 " 145,56 201 ] 217} £32 | 233 | 226 }180]|| 518 | 464 | 508 | 514 | 527 | 5C1
2 3 " 07.08 240 | 62| 272 | 282 | 276 | 222} D31 | 516 | 532 | 546 | 560 | 528
SR 8 4 " 45,45 304 | 332 | 383 | 255 [ 346 | 278]] 468 | 454 | 476 | 589 1460 | 465
381|5 " 8,83 | 328|258 | 382 | 365 | 375 | 298| 505 | 473 | 501 | 515 | 548 | 508
s g 6 " 26,12 355 | 389 ] 415 }41S 1408 | 3281507 | 480} H18 | 545 | 588 | 540
%Ctln " 19.42 395 | 434} 48] | 466 | 455 | 3661 571 | 533 | 588 | 607 [ 63256 | 608
3-& 8 1 e,708 44] | 486 ] 519 | 524 | 512 | 412}] 621 | 584 | 643 | 705 | 637 | 675
9 " 7.261 449 | 4S5 | 528 | 534 | D22 | 424|| 439 | 402 | 437 | 478 | 497 | 42¢
10 " 4,854 480 | D28 | 564 | ©6S | 555 | 445 569 | 547 | 681 | 770 | 846 | 626
11 " 2,487 503 | 552 | 59C | 59%7 | 584 | 470]} 456 | 402 | 510 | 543 | 652 | 521

06
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Table 18 (continued)

Tegzgmx = OC- .
Solvent | Sol. {[Cu(TTAPAN)] g | [ETTA]4 absorbence x 10° K{P/r
No. M x 105 M x 10%° | wavelength, mm _wavelepgth, .
540 | 550 | 560 }570 | 580 540 | 650 | 560 | 570| 580
1 4.548 864.3 206 | 224 | 239 | 246 | 214 77¢ | 770 787 | 808 | 814
° 2 " 648.2 240 | 264 | 279 | 286 | 251 787 | 763 | 7681 764| 803
g 3 " 518.6 270 | 267 | 315 | 321 |278 751 | 758 76¢ | 778 | 778
8 4 " 432,1 2¢5 | 385 | 346 | 352 | 308 745 | 755 | 772 | 779| 796
2 5 " 345.7 328 | 362 385 | 3SC | 339 747 | 760 778 | 777| 704
‘o 6 " 172.9 425 [ 470 | 500 | 510 {440 720 | 742 765 781 | 772
q 7 " 12¢.6 462 | 515 [S46 | 555 | 478 69¢ | 733 ] 760 762| 755
e 8 " 82.11 §20 | H78 | 615 | 625 | £40 680 | 723 | 756 | 766 78
8 " 54,82 548 | 609 |650 | 660 | 568 670 | 717| 764 | 772| 750
10 " 56.16 585 | 526 [672 | 680 | 587 668 | 7081 780 775| 763
11 " 43.21 604 | 659 (702 | 716 | 608 661 | 711 760] 790| 707
12 " 34.57 615 | 684 | 728 | 742 | 636 643 | 7CE| 758 | VA8 | 738
13 " 21.61 57 1 731 | 77S | 789 | 673 619 { 700 771} 76¢| 682
14 hd 12,96 6C2 | 772 (Rrze {838 | 715 565 | 674 816 | BRO7| 692
15 " 4,321 754 | 845 |894 | 908 | 772 404 | 718 784 | 821| 597
540 | 550 [560 | 584 | 570 {680 540 | 550| 560] 584 570 § 520
1 3.085 194.2 167 | 179 {190 [192 [184 [146 356 | 336| 343| 351| 349 | 345
o 2 w 145.8 180 | 194 [ 205 | 205 {198 (157 307 | 292| 2905 300| 300 | 295
= 3 " a7.08 222 | 242 [ 255 | 257 | 248 (195 || - 314 | 304| 307| 13| 317 | 305
:g 4 " 48.45 280 [ 305 | 325 | 326 | 315 |246 281 | 269 280 285] 290 | 271
2 ] " 38.83 305 | 334 } 35D | 357 | 345 272 292 | 282| 2¢3| 302| 307 | 294
«wgal 6 " 29.12 335 | 366 | 388 | 390 | 376 |296 302 | 288] 299 | 308| 311 | 294
98 7 " 19.42 376 | 412 | 448 | 442 | 427 |338 326 | 311 368 | 34| 358 | 341
E&| 8 " 9.708 428 | 470 | 500 | 503 | 488 (384 332 | 315 344 365| 320 | 350
@a 9 " 7.281 436 | 478 [ 508 | 510 | 4920 (385 282 | 264 287 301| 301 | 267
Q5 |10 " 4.854 469 | 515 (548 | 552 | 536 (422 358 | 314| 357 304| 43¢ | 376
. 11 " 2,427 495 | 543 | 578 | 580 | 560 442 301 | 270] 320] 348} 371 | 213

16
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' o ) . .. :
Cu(PAN)2 at 15°C, and 35°C. given in f{ables 16 and 17,
were uscec in cquation 5,22, {or each solution composition
in Cu(TTAPAR) and HPAN, and for =ach wavelength, a value

o K?q/p was calculated. These valuems are entered in Table 19.

5.3.4. The dispropnrtionation of Cu(TTAPAN)
into Eu(TTA)2 and Cu(FAN)Z, in methanol—

benzene mixtures.

The proof referred to in Section 5.1, that require-
ments (iv) and (v) were met in the present systems, is as
follows:

The complexes Cu(PAN)2
taneously on reacting Cu(TTAPAN) with HTTA or HPAN accord-

ing to reactions (A) and (B).

and Cu(TTA)2 are formed simul-

K
(A) Cu(TTAPAN) HTTA —l= Cu(TTA), HPAN

Ky

(B) Cu(TTAPAN) HPAN —%= Cu(PAN), HTTA

2

An overall reaction is the disprbportionation of
Cu(TTAPAN) according to reaction (C).

Ko/7Ky

(C) 2Cu(TTAPAN) —— Cu(TTA), +Cu(PAN)

2 2

where

(5.24);5_2__ _ [Cu(TTA);J [CU(PAN)Z]

K, ' [Cu(TTAF’AN)] 2

In solutions of Cu(TTAPAN) to which HTTA or HPAN

oV a v e
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Table 19

quct*oohotomrtrlc data and calculated values of the
function “if/p of equation (5.22) for the chelate exchange
reaction

Cu(TTAPAR)+ HPARN === Cu(PAK),+ HTTA
in pure methanel and in 40.5 molds methanol in benzene, at
15°C. and 35°C.

f ;
Solvent| Sol. ku ”FANJ [HPM“]' rl hbsorbance:! KJ?/p
No. | M x 10° M % I0° . x 103 “ x 103
' wavelzngth, wavelength,
5 Nl nm.
Temp.=15"C. 540 550 540 5580
1 2.432 10.70 20 282 710 575
2 "o 2,810 276 272 654 536
3 " B.G1E 270 272 736 GQZ
4 " 8.026 265 262 664 579
5 " 7.134 258 258 684 629
pure 6 " 6,243 248 | 248 €65 | 633
metha- )
nol 7 n 5,351 245 245 805 144
8 " 4,458 226 226 750 698
9 " 3.567 209 210 779 740
10 " 2,675 187 190 B33 026
11 " 1.784 148 150 766 755
1 .
12° " - 482 525 - -




Table 12 (continued)

ol

Solvent SDl. [Cu(TTAgAHi]i [EEAd]i . Absorb%ncezl Kz?/p 3
o. M x 10 M ox 10 % 10 x 10
wavelzngth, |wavelength,
TG o L.

Temp.=15"C. 550G | 560 550 | 560
1 3,032 13.18 279 | 270 165 | 110

2 oo 12.17 272 | 262 106 | 110

3 " 11.16 262 | 255 105 | 112

4 n 10.14 2480 | 241 160 | 106

40.9 5 " 9.128 43 | 236 106 | 112
mols 6 " g.114 |228 | 224 102 | 111

methanol

in 7 " 7.099 218 | 212 105 | 111
benzene | g " 6.005 | 202 | 197 163 | 109
9 " 5.071 188 | 163 106 | 112

10 " 4.057 171 | 167 108 | 116

11 . 3.043 152 | 150 117 | 126

12 " 2.028 127 | 125 125 | 137

13° " - 631 | 670 - -
Temp.=35°C. 540 | 550 540 | 550
1 2,432 10.70 272 | 262 523 | 502

2 " 9.810 260 | 252 470 | 465

3 " £.918 256 | 248 510 | 487

4 " 8.026 245 | 238 464 | 465

5 " 7.134 242 | 224 512 | 503

pure 6 " 6.243 225 | 219 456 | 460
methanoli 4 " 5.351 | 2221 216 532 | 536
8 " 4,459 12021 198 482 | 500

9 " 3.567 | 185| 182 489 | 513

10 " 2.675 168 | 167 551 | 601

11 " 1.784 131 | 132 479 | 548
12° n - 458 | 498 - -
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Tabl~ 192 (continusd)
Solvent | Sol. Cu(TTAPAQﬂ . [ﬁPAﬂ]i Absorbance!! KL /p x 10°
. ) 5 1 . 5 k! 2
lNo. M ox 1C M x 10 x 10
wavelength, wavalength,
Qi m .
Temp.=35"C. 550 560 550 560
1 3.032 13.18 260 244 93 B7
2 " 12.17 252 235 92 85
3 " 11.16 241 227 9a 85
4 " 10.14 228 212 86 79
5 " 2,128 215 198 82 74
40,9 6 " 86.114 204 151 81 77
le-?’: " Q
hethanol 7 . 7.099 192 178 81 74
in 8 " 6.085 177 167 78 75
benzene | g " 5,071 1162 | 153 77 | 74
10 " 4.057 149 140 82 77
11 " 3.043 132 125 86 83
12 " 2.028 112 107 96 96
13 " - 615 | 654 - -

! The absorbance values for this soclution are A0 values.

!! The absorbance values given are AA =(A - AJ.



has not been added

(5.25) K, _ [Cu(PAN)é]Z
K_l- [Cu(TTAPAN)] 2

The highest value of the ratio K2/Kl studied in the
present work was for 76.7 mol% methanol in benzene, in
which case a value of 1,3 x 10_3 was obtained. In that
case, for a solution of Cu(TTAPAN) in T76.7 mol% methanol

in benzens,

[Cu (PAN )2]
[Cu(TT/\PAN )]

0.036

The mass-balance equation for solutions of Cu(TTAPAN)
to which HTTA or HPAN has not been added, is

(5.26) [Cu(TTAPANEl i = 2[[3 (P/\N)é] +- IE:U(TTAPAN)]

and Beer's law for this solution is

(5.20) A =aCu(TTAPAN) Eucrrapan)] +
+O~Cu(PAN)2[CU(PAN)2]

in the range where Cu(TT/\)2 does not absorb, but Cu(TTAPAN)
and Cu(PAN)2 do absorh.

o In the spectral range studied, CU(PQN)?_ o

2 Eu(TTAPAN) Therefore, for a solution of Cu(TTAPAN),

equation (5.20) becomes:

96
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A QCU(TTAPAN; [Cu (TTAPAR )]+ Z[Cu (PAR )2]

which, on using equation (5.26), becomes:

_ 0. : '

(5.27) A=V, (rrapan) LulTTAPAND
) The ratio of the molar absrrptivitles. Eu(PAN)é/
(}tu(TTAPﬁN) in the spectral range 540 rm. to 380 nm. is

not exactly 2. From the absorptivities in Appendix VIII

it is seen that this ratio varies with the wavelength;

but in all cases it was in the range 1.8-2.2. The validity
of equaticn (5.27) is shown by the fact that the Beer's

law plots in Figure 3 are straight lines.

Now in 76.7 mol? methanol in benzene, the ratio KZ/Kl
is 0.036. Thus, Cu(TTAPA.!) alone in this solvent will
disproportionate tu the extent of 4%, into Cu(TTA)2 and
Cu(PAN)Z. However, equation (5.27), together .with the fact
that the ratio of absorptivity of Cu(TTAPAN) to absorp-
tivity of Cu(PAN)2 is within 20% of 2, shows that none
of the spectrophotometric data used in the present inves-
tigation would be significantly affected by this dispro-
portionation , with the exception of the molar absorpti-
vity of Cu(TTAPAN) at wavelengths where C%U(TTAPAN)/

Cu(PAR), # 2. The small error introduced into this molar
absorptivity would be important only when the absorptivity
is used in an absolute sense. It automatically is cancelled
out when this molar sbsorptivity is used in order to cal-

culate Kl.and K2.
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6 — Discussion

6.1 — The variation of Kfp/r with concentration
of HTTA

Values of Kf{/r for the system Cu(TTAPAN)-HTTA at
25°C. are given in Table 13; th= basic concentration and

absorbance data for that table are in Appendix IX.

In these experiments, a somewhat wide range of ini-
tial concentrations of HTTA was used, in order to study
the effect, if any, of high aﬁd low concentrations of
HTTA on the value of Kfﬁ/r.

Inspection of the values in Table 13, and of figures
4-6, does indicate a decided tendency for abnormally high
values of KlQVr to be obtained at }he lowest and also
at the highest concentrations of ;ﬁTTAji. This tendency
did not depend on the wavelength, in the range 540 nm.
to 580 nm. |

D'Amboise has shown very recently that the presence
of dissolved water in benzene produced values of K \P/r
that were measurably too large when low (2-5 x lD-ﬁ M)
values of {bTTé]i were used, and that the effect varied
with the water concentration. A reason for this effect
may be as follows: the addition of water to a benzene-
methanol solution of HTTA results in the formation of some
keto-hydrate, with a resulting drop in the concentration

of free HTTA. Since

(s.ia)LP =|_1 L& + KK (S)
Turra  Thrras Juriar.s

KKy twl g ‘> 7

ngTTA'W \(HTTA) _J



FIGURE 4

The variation of Kfp/r with
initial concentration of .HTTA
in 16.0 mol% methanol in

benzene, at 250C.
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FIGURE 5

The variation of Kff/r with
initizl ceocncentration of HTTA
in 55,2 moli methanol in

benzene, at 25°C.
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FIGURE 6

The variation of Kfp/r with
initiagl concentration of HITA

in 76.7 mol% methanol in benzene,
at 25°C.
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a drop in (w), the water activity in the solvent, will
produce a drop inLP, and so in Kf{/r. Ihis drop becomes
smaller, thc'larger the value of EﬂTTAJi. Since KkKw is
unknown for the present solvents, quantitative trzatments

are not possible at present.

In the brescnt systems the initial water content
varied from 1 x l[J_3 M for benzene, to 2 x 10 - ¥ for
methanol. Handling of these solutions in undried air
may have increased these values somewhat. Therefore the
values of Kfp/r at the lowest concentrations of EETTé}i

are likely to be in error due to the hydrate formation.

Furtherhore, the term {Fa/(HTTAﬂ z in eqyation (5.13)
may affect (f significantly at low values of iﬁTTé]i° This
is especially the case in_high-methanol solvents because
the enNolization constant KHTTA)/(HTTAﬂ is expected to
be low in methancl. The v;lue of Ka in methanocl-benzene
mixtures is unknown, so quantitative treatment is not
possible. However, the value of Ka in water has been re-
ported7 to Be 5 x 10-5; and Kk in watzr has been rep?rted7
to be 62.5. Then for water, the value of [%a/(HTTAﬂ Z for
(HTTA) = 1 x 10-5 M, would be 1.7; and for (HTTA) =1 x lD-ZM,
it would be 0.007.

For these two known reasons for Kl%Vr being abnor-
mally high, namely hydrate formation and ionization of
HTTA, it was considered correct to reject those values of
Kfp/r in Table 13, for solutions less than 0.485 x 1073

in [HTTA] ..

Inspection of Table 13 also shows that the values of
Kf?/r appear to be consistently high at the highest con-
centrations of [ﬁTTﬂ 5 To test this apparent trend, the
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values of Kfp/r in that table were averaged for a given
solvent mixture, over the several wavelengths and over

all values of {PTT@ i except that those below 0.435 x lD-aM
were rejected. The resulting mean values of Kf%Vr are in
Col. 2 of Table 20. Col. 3 contains the value of Kfﬁ/r

at the highest value of IPTTA]i, which is listed in Col. 4.
Adjacent columns contain the corresponding values, for

slightly lower concentrations of [HTT@ ;e

The question now is whether or not there is a rea-
sonable basis for rejecting these apparently high values
of Kffyr at the higher values of @TT@ T First, for a
given solvent mixture, Kl itself will remain constant
with changes in DiTTﬂ ;e Second, the systems were shown
by the data of Table 11 to be in equilibrium, by compari-
son of the absorbances at 250C.,~me§sured after two ﬁayé
and after two months. Third, it has already been shown
that all the regquirements listed in Section 5.1 for the
use of equation (5.14) to the present systems, have been
met. The terms which must be significantiy affected! by

high values of [HTTA] ; are 7 and r.

Now

5.2 o =D’/Cu(TTAPAN)

QYEU(TTA)zzY;PAN

In the present solutions, the initial concentration
of Cu(TTAPAN) was of the order 1 x 10-5 M. Therefore the

It is realized that terms affected by high values of
WTTﬂ]i are going to be affected also at lower values.
However, what is sought here is a term which is_mea-
surably affected at the highest values of LHTTN]i but
negligibly so a2t lower values.



Zable 20

Comparison of average values of K;, with values for highest concentrations of [H'ITA] i, for the -exchange reaction

cu(TTa) 2+ HPANT Cu(TTAPAN)+HTTA in benzene-methanol mixtures at 25°¢,

Source of data: Table.ls

Sol, K.\/r Higher [HTI‘A] 1 Kl‘P/r for second highest Kl‘P/r for 3rd high-ﬂ 1o 1%
Nos. |mean | for highest M x 101 second highest | [HIT4], 3rd highest| est [ETTA]|| MeCH in
[BTT4] 4 [ETT4] | Mx ol ||[HTTA] X x 10! benzene
1-13 |686 788 0.3e8 767 0.291 751 0.194 8.38°
1-12 (570 593 0.277 500 0.246 592 .184 16.0
1-12 |487 " 537 0.291 508 0.194 497 0.146 25,0
1-12 {379 392 .277 320 C.247 363 0.185 5.4
1-12 {428 438 0.420 425 0.280 415 0.196 35.4
1-11 |[287 407 0.194 | 393 0.146 382 0.087 40.9
1-14 |307 321 0.194 313 0.146 301 0.097 55.2
1-12 - 252 232 0.147 231 0.133 223 0.118 56 .4
1-11 ;{246 256 0.194 246 0.146 240 0.097 76.7

Lot
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equilibrium concentrations of Cu(TTAPAN), Cu(TTA),,

HFAN were too small for the value of r to be significantly

and
different from unity for all the solutions.

Inspection of equation (5.13) shows that the activity
coafficients, (w), and (HTTA) all affcctﬁp. For a given

sclvent, K KS and KW will be constant. For the high

k’
concentrations of methanol used in the solvent mixtures,
(S) is also essentially constant..The conséquence of va-
riations in (w).and in (HTTA) have already been dealt
with. There remain the activity coefficients. The value
X~ - I 23 . o
Of:)HTTA has besen reported in benzene, where 95% of the

@TTA]i exists as the enolT’ZD, to follow the relationship

: 0.48
(6.1) DLTTA =1 - 0.24 @TTA

Their reference state evidently was an infinitely dilute

solutdion.

Unfortunately, the activity coefficients of all the
equilibrium forms of HTTA are not knmown in the mixed sol-
vents of the présent work, However, it is considered ad-
visable on the basis of equation (6.1) to reject the va-
lues of Kff/r, for values of [PTT&]i above 0.0154 M,

After rejecting from Table 13 values of Kf*Vr for
values of @TTé]i below D0.485 x 10-3 M, and above 0.0154 M,
the remaining values of Kffyr for a given solvent mixture
were averaged over the several wavelengths, and over the
remaining range of [HTTg]i values. These mean values and
their standard deviations are in Table 21. They are the

final values for the present investigation.



Table 21

Final mean values of Kl'-{’averaged over all wavelengths, for the exchange reaction
T
Cu(TTA) 5+ HPAN —=Cu( TTAPAN) +HTTA
in methanol-benzene mixtures at 25°G.

Source of data: Teble 13, with values of K, rejected when 0.485 x 1073 ¥> [TTa] 4 >0.154 x 10-1 L.

Sol. K'f/r methanol, mol% XK.Y/r 1 [HrTa)
Nos. | mean s.d. N in benzene mean fcr [ETTA[y | s.d. N M x 10
in Col. IX
4-12 | 660 19 6 '8.38 ) 667 63 6 0.243
4-12 | 562 20 | 4 16.0 507* 35 4 0.616
3-11 | 479 18 6 23,0 539 72 6 0.243
4-12 376 13 4 35.4 T sea* 31 4 0.616
4-10 | 444 45 3 25.4 852 108 3 0.140
2.10. | 385 8 6 40.9 416 10 6 0.243
2-12 | 305 13 5 55.2 360 o7 5 0.243
1-12 | 232 2 3 ~ 59.4 23c* 18 3 0.737
2-10 | 245 10 5 76.7 276 29 5 | o.2¢3

* These values were not discarded when celculating K; of Col. II.

60T
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As described previously, values of Kff/r for values
of [HTTA]

-1
grounds of hydrate formation and ionization. For interest,

less than 0.485 x 10'3 M were discarded on the

Col. 6 of Table 21 contains some of these discarded values
averaged for a given solvent over the several wavelenghts,
and Col. 9 contains the corresponding values of IﬁTT&]i.
Comparison of Cols. 2 and 6 shows that indeed all the

discarded values are higher than the final means.

Inspection of the data given in Table 15 shows that,.
unlike the case of Kfp/r, abnormally high values of Kﬁp/p
do not occur. The conditions that led to the high values
for Kf?/r were absent in the case of Ki%?p. Thus, in the
exchange reaction of Cu(TTAPAN) with HPAR (reaction B), the

concentration of HTTA formed was very small, much smaller

than the concentration of water in the methanol-benzene
mixtures. The value of (w) in the expression ForkP(equa-
tion 5.13) would then be essentially unaffected by the
HTTA formed. Moreover, the activity coefficients of the - .
several species nf HTTA can be considered to be equal to
unity, because of1fheir small concentrations. There re-
mains ika/(HTTAﬂ Z as the only term that could influence
the value of Y, and therefore of quyp. All that can be
said at present is that quust change in value as lﬁPAﬁ]i
is changed. The reason is that for constant [Cu(TTAPAN) 5
an increase in [ﬂPAN]i leads to an increase in the value

of HTTA Fermed, which in turn leads to a change in

4

[ka/(HTTA)'?. However, this change is too small to observe

i

in the present work, due to the scatter in the data.

From the data given in Table 15, and for each methanol-
benzene mixture used, a mean value of KZqu at 25°C. was

calculated, the average being over all wavelengths used
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and over all caoncentrations of WPAH}i for a given methanol-
benzene mixture. These grand means and their standard de-
viations are entered in Table 23 . The standard deviation

in each case was calculated from the deviation of the

grand mean from the individual means for each [HPAﬂ]i at

each wavelength.

From the datz given in Table 18, and for thz sclvents
pure benzene and 40.9 mol? methanol in benzene, a mean
value of Kff/r at 15°C. and at 35°C. was calculated; these
grand means and their s.d. are entered in Table 22. Values
of Kl%Vr for {PTT&]i below 0.485 ¥, and abovs 0.0154 were

rejectad,

From the data given in Table 19, and for the -solvents
pure methanol and 40.9 molj methanol in benzcne, a2 mean
value of Kﬁ?/p at 15°C. and at 35°C. was calculated. These

grand means and their s.d. are entered in Table 24.
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Table 22

Final mean values of Kff/r averaged over all wavelengths,

for the exchange reaction
Cu(TTA)24~HPAN:;::pu(TTAPAN)-+HTTA

in benzene, and in 40.9 mol% methanol iﬁ benzene, at lSOC.

and 35°C. |

Source of data: Table 18, with values of Kfp/r rejected
when
0.485 x 1077 1 D>[HTTA] > 0.150 x 107" ¥

Soln. | Solvent  [KM/r at 15°C, || K,¥/r »t 35%C, | N

No. .. mean S.u meEan S.0.

7=-15 Pure 1154 41 ‘TZQ 34 5
benzene

2-10 40,9 546 35 314 10 6
mol% -
methanaol
in benzene




Final mean values of KZqu averaged over all wavelengths,
for the :xchance reaction

Cu(TTAPAN )=+ HPAL —= Cul(

——

Table 23

Source of data: Appendix X.

PAN )24-HTTA

. . o
in methanol-benzene mixtures, at 252 °C,.

Sol. Solvent; TDL% Kfp/p X 103
No methanol in

benzene mean
1-12 16.0 43 9
l-%Z 35.4 80 4
1-12 41,0 97 3
1-11 50.9 123 3
1-11 59.4 136 4
1-11 76.7 303 11
1-12 89.8 402 36

113
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Tablc 24

Final mean valucs of Ké{/p averaged over all wavelengths,
for the s=xchange reaction
Cu(TTAPAR )= HPA—Cu (PAN )o+ HTTA

in methanol-benzene mixturcs, at lSOC. and'350E.

Sgurce cf data: Table 15

Sol. | Solvent ' KZ%Vp at 15°¢C. Ké%Vp at 35°C. . 'N

No. '

1-11 | pure . 0.700%0.034 0.500 £0,003 2
methanol

1-12 | 40.9 mold 0.1114 0.003 0,081 :*+0,004 2
methanol
in benzene
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6.2 — The reacons for the variation of Kfp/r
and K2¢Vp with the mol? methanol in the

methanol-benzene mixtures.

Inspection of Table 21 shows that the valuc of Kf?/r
decreases with an increasc in the methanol content of the
benzene-methanol mixtures. This dzcrease is shown graphi-
cally in Figure 7. Inspection of Table 23 shows that Kﬁp/p
increases with an increase in the methanol content of the
benzene-mzthanol mixtures, and this increase is shown
graphically in Figure B. Explanations were sought for the
decrease in Kff/r.and the increase in Kép/p, with an in-
crease in the methanol content of the solvent. The values

of Kf?/r are considered first.

The values of Kl for reaction A at 250C. in the
methanol-benzene mixtures could not be calculated, because
\Pand r were unknowrn. However, approximate values of P in
pure benzeme and in pure methanol could be calculated, be-
cause literature data were available for these two solvents.
benzene/rmetﬁanol (abbreviated
rb/rm) was .estimated from solubility values measured by
d'Amboise, of Cu(TTAPAN), Cu(TTA), and HPAN both in metha-

2
nol and in benzene. These estimetes of LFand of rb/rm are

In addition, the ratio r

now described.

The function LPis defined in equations (5.13) and
(5.12) . as

P

K K, () K K(S)

= 1 Ky . L
¥ urra Furtar  BrrTat.w YerTar.s

+ (;Ka > 7 = yrra; =lou(TTA)l

-+

N

(HTTA) (HTTA)

- a1
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FIGURE T

The variation of Kluyr with mold
methanol in the methencl-benzene

mixtures used 3s solvents, at ZSOC.

Note: (i) The values of Kfﬁ/r are.
' the final means, given in :
Table 21 , ‘ |

(ii) The values of KlYVr in
pure bsnzene and in pure
methanol were obtained by

d'Amboise3
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FIGURE 8

The variation of quyp with mold
methanol in the methanol-benzene

mixtures used as solvents, at 25°C.

Note: (i) The values of KZqu are
final means, given in
Table 23

(ii) The values of K;f/p in
pure methanol and in pure benzene

were obtained by d'Amboise3
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It has been reﬁortedY’ZD that in benzene 95% of the HTTA
exists as the enol. Therefore, in that solvent, the value
of(4}will be approximately lﬁYHTTA' However, inspection of
gquation (5.12) shows that as the methanol content of the
mixed solvent increases, the value of (Jwould be sxpect=d
to increase due to the formation of the several species
described in Section 5.3.1. For example, the formaticon of
these species would automatically reduce the value of (HTTA)
in equation (5.12) and theraforet{7would increase. In ad-
dition, as the methanol content of the mixed solvent was
increased, (S) and therefore(p would be increased. Further-

more, it has been pointed out 21 that while there is internal

~hydrogen-bo_nd formation in the enol form, the equilibrium

from enol to keto, hetohydrate and ketomethamolate is shift-

ea towards these keto forms in solvents which have a con-
siderable hydrogen-bond capacity, such as methanol; this is

an additional reason for the increase in KPwith an increase

in methanol content of ihe solvent. The ratio PTT@ /[HTT@TDTAL’
which equals l(gEhTTA for a solution of HTTA in solvent, S
has been measured in several alcohols by Wakahayashi et al .,
They used NMR measurements on 0.5 M solutions of HTTA in

several normal alcohols, but not in methanol. In order to

obtain an estimate of the value of {PTTA]/[PTTA]TUTAL in
methanol, their values were plotted as a function of the

size of the alkyl group in the normal alcochols used, and

this graph was then extrapolated back to the alkyl group :
CH,. The extrapolated value found was 0.2 for PTTA]/{HTTQTBTAL.

3
Therefore, the corresponding value ofLPJE}TA would be 5.

In summary, it seems reasonable to consider tkat in
the present systems\PEE}TA went from a value of approxi-

mately 1 in pure benzene to 5 in pure methanol,

The next factor to be considered in the term Kff/r
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was the value of r in going from benzene through the mixed
solvents to methanol., It was possible to obtain a crude
estimate of the value of the ratio r in benzene to r in

methanol, as follows:

It is readily shown for a saturated solution of solute
L in benzene (subscript b) and in methanol (subscript m),
that

(610 1® o = =_RTg$/L,bhEL,b
5i,m7kL,m

a) o . .
2 3 a f -
WhereJPL’L,b:ji/L,m denote the chemicel potential of -L
in its standard state in benzene, and

in methanol respectively.

! / ’7 . - ] l 3
qni,b")k,m denocte the molal concentration of L
in a saturated solution in benzene,

and in methanol respectively.

6/L b’zyl m denote the activity coefficient of L
? ’ . .
. in its saturated solution in benzene,

and in methanol respectively.

By choosing for all solvents the standard state of L
to be the conventional hypothetical l-molar solution of L

in benzene, equation 6.1 becomes

(6.2) L =Mim
KL,m M, b

By the definition of r in equation 5.2, and by also using

equation 6.2,

& G
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VA cu(TTAPAR) b
Mo (TTAPEN )
r Micurtay,,b o Meni,b

Meu(TTA)
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The solubilities of Cu(TTAPAN), Cu(TTA)Z, Cu(PAN)

and HFAN in pure methanol and pure benzene have been,

2

measured by d'AmboiseB, and they are given in Table 25,

On using these data in equation (6.3), a value of 0.43 was
obtained for the ratio rb/rm. Accordingly, the term r

would cause the function Kfp/r to decrease in value, on
going from benzene to methanol. It is important to notice
here that unlike fhe complexes Cu(TTAPAN) and Cu(PAN)Z,

the complex Cu(TTA)2 is much more soluble in methanql than
in benzene. This is in agreement with the fact that methanol
can readily hydrogen-bond to the oxygen atom of the square i
planar chelate Cu(TTA)ZZl. Therefore, while the complexes
Cu(TTAPAN) and Cu(PAN)2 probably, due to ster%c effects,
are not much more solvated in methanol than they are in

benzene, the complex Cu(TTA), is expected to be more soluble

in methanol than in benzene.ZThus, a large part of the ' - I
increase in the value of r on going from benzene to metha-
nol occurs because the complex CU(TTA)2 is more solvated
in methanol than it is in benzene. It is recognized that ,
the use of solubility values, which in some cases are high, f
can lead only to a crude estimate of rb/rm, since the

solutions are very unlikely to be ideal ones,

The estimated values of the ratio QPUﬁTTA)b/@fKﬁ%TA)m
and of the ratio rb/rm for the two solvents benzene and

methanol were then compared with the results obtained for
the function Kf?/r of equation 5.14 in the present systems.

The values of this function were determined by d'Amboisea,
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Table 25

Soluhilities of Cu(TTA)Z, Cu(PAN)Z, Cu(TTAFAN) and HPAN,

in methanol and benzene, at 20°c.

‘Compound Solubility in mols/litre st 20°C, (3)
Solvent
Benzene Methanol
-4 -4
Cu(TTAPAN) 8.6 x 1O 1.9 x 10
a -4 -5
Cu(PAN)2 3.2 x 10 6.6 x 10
Q =2 -2
Cu(TTA)2 1.8 x 10 8.0 x 10
HPAN 2.0 x 107t 2.4 x 1072
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in pure benzene and in pure methanol; he found the values

900 and 250 respectively (ses Figure 7).

Therefore

(K /=) L ggg
(Ki%Vr)m 250

Whereas a concentration quotient
r A :
. = L 31 ]

LTI

will change from solvent to soclvent , it is supposed that

all the faetors that produce this change have been account-
ed for in Y and r.

Then,
6.0y L% |

(rb/rm)

By using the above calculated estimates of (LFJ;TTA)b/(YOJ;TTA)m
and of rb/rm,

(6.5) (Yig/lﬁ) X B/HTT/\b =1 x 1

(z,/x ) ZY;TTA,m 5 0.43

Or substituting equation (6.4) into equation (6.5),

(6.6) 2ri/-iTTA m

—nLLR 7,7

Y HrTA,b

The change in value of quVp (equation 5.23) on going
from benzene to methanol was interpreted in the same way
as the changas in KlY/r. Thus, the values of the ratio Pb/Pm
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(with subécript b dennting benzens, and m methanol) was
estimated from the solubility data given in Table 25 to
be approximate 120, The value of the ratio Lpb X X;TTA b/
kf ‘ . _ , '__: . . . /

{ o X.T;TTA,m has already heen estimated for use in Kfp/r,

to be 0.2. Therefore, as a rough estimate,

6.1 Yy
Py /Py

‘yaTTA,b ~ 1
600

yjﬁTTA,m

Now d'Amboise3 has found that

(6.8) (K,¥/p), _ D0.007
(Kéf/p)m . 0.600

Then, on assuming that all the factors that affect

the value of the concentration quotient
o . =l ]

2 [ 30 ]

on going from one solvent to another have been taken into

account in q7and T,

(6.9 Y/, D.G07
P /P 0.600

From equations (6.7) and (6°9)’<J;TTA,m/'y;}TA,€>

The solubilities of HTTA in benzene and in methanol"

have not been measured, and so a direct comparison of the

RYPESC 2 RN

T
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¢..ubility ratio with the value 7 (for rcaction B) and

7.: {for reaction A) is not possible. The derived ratios
(7.7, 7) suggest that HTTA (enol form) would be more

soluble, and hence more solvated in benzene than in methanol.
It is known25 that in non-polar solvents the HTTA (enol)

has an intra-hydrogen bond.

However, the estimatec of rb/i ~and of Pb/Pm’ anc there-
fore of a;TTA,m/ J;TTA,b assume that the solubility data

in Table 25 can be used to estimate r and p. For saturated
solutions that are very dilute, solubility ratios should
give good estimates of activity-coefficient ratios. But

when the saturated solutions are more concentrated they

are more unlikely to be ideal. In that case solubility
ratios will not give a good estimate of activity-coefficient

ratios of very dilute solutions.

In addition, it is to be remembered that HTTA . m’
’

which occurs in the exPrESSlon\pmSQTTA,m is the activity

coefficient of HTTA (enol) in a2 C.5 molar solution in metha-

nol. The reason is that Wekayayashi et a126 used 0.5 molar

solutions in their NMR studies which led to the value of

ﬁTTé]/LHTTﬂ T and therefore tokmeaTTA,m = 5. However,

the HTTA solutions used in the present work were 0.04

molar or less.

Therefore the present discussions of Kf{/r and K;P/p’
must be regarded as merely exploratory, insofar as actual
values of Y/r and %vp are concerned,

g
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Claims to Original Research

1) The apparent molar equilibrium constants Kl' and
K2' for reactions (A) and (B)

(A) Cu(TTA),+ HPAN T Cu(TTAPAN) + HTTA
(B) Cu(TTAPAN)%—HPAH;:i Cu(PAN)2+ HTTA

in methancl-benzene mixtures were successfully evaluated

by using spectrophoteometric data in conjunction with alge-
braic equations which were derived for the purpose. These
apparent equilibrium constants Kl' and K2' were obtained at
15°c., 25°c. and 35°C.

2) The factors which caused Kl'-and K2' not to be

thermodynamic constants (Kl and K2 being the thermodynamic
constants) were identified as the relevant activity coef-
ficients, and also the fact that the HTTA existed as enol,

" keto, ion, and solvates in the solutions.

3) The practical titration of Cu(TTA)z.by HPAN used as
a volumetric reagent in organic solvent, was studied in
benzene, in methanol and in mixtures of the two. The end-
point was sharp only in benzenme. It became less distinct
as- the methanol cbntent was increased, due to the increase

in the value of K2' with the methanol content.
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" Suggestions for Further VWork

1) In this work it was found that in order to evaluate
the thermodynamic equilibrium constants Kl and K2 for
reactions (A) and (B) in methanol, benzene or their mixtures,
it would be necessary to calculate the termsf, r and p
for the solutes in these solvents. Investigation of all
the chemical species as well as the determination of the
relevant equilibrium constants involved are necessary, as

well as eveluation of the various activity coefficients.

2) It would be useful to study the present systems
in a different solvent or mixture of solvents, in which
the reaction of Cu(TTA)2 with HPAN would be faster than
in benzene and yet, the values of Kﬁ?/p would be too small
to cause reaction (B) to occur to a significant extent,

during titrations of Cu(TT/-\)2 with HPAN,

*3) In Tables 22 and 24, it can be seen that both
Krf/f and quVp increase with a decrease of temperature.
Explanation for this fact was not sought in the present
work, due to the fact that values of Kl and K2 themselves
could not be obtained without much additicnal data. It
could be of interest to investigate'the dependence of K

1
and of K2 on temperature.




'Aopendix I

NDithizone Test for the iMetal Content of the

Solvents.

i) Methanol

The dithizone used was reageat grade, and was not

further purified.

A 2.5 x 10-4 M solution of dithizone in purified

methanocl was used.

It had been observed that when dithizone soclution
was added to methanol that contained trace metals, Iwo
peaks were observed, one at 590 nm. and th: other at

450 nm. Dithizone alone hes two peaks at these wave-

lengths. However, the ratioc of the absorbance at 590 nm.
to that at 450 nm. decressed with increasing concentra-

tion of copper (II) for a fixed concentration -of dithi-

zone. These facts were used in crder to test the puri-

fied methanol for the presence of trace metals. Thus,

the purified methanol to be tested was treated with the

dithizone solution sufficient to give one absorbance of

about 0.5 to 1. The ratio of the absorbance at 590 nm,
to that at 450 nm. was then determined. The same solu-
tion was then diluted with a known volume of the puri-
fied methanol under test and the ratioc of absorbances
was again measured. This procedure was repeated for
several dilutions of the original solution with the
methanol under test and the ratios of the absorbances
at 590 nm. to that at 450 nm. were tabulated. If the

ratios remained constant for all dilutions of the ori-

ginal solution, the methanol was considered sufficiently

129
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free of trace metals to be used for chelate-exchange
titrations. Otherwise, it was recycled through the

purification process.
ii) Benzene

The spectra of dithizonz and its metal chelates
in benzene have been studied by many authorslS. Dithi-
zone has two pecaks, one at 618 nm. and the other at
450 nm. The metal dithizonates, however,have just one
peak, between 450 nm. and 55C nm., depending on the
metal. Accordingly, a test for the presence of trace
metals in benzene was carried out by performing dilu-
tions of a solution of dithizone in benzene with the
benzene under test, and measuring the absorption spectra
of all these solutions. The benzene was considered free
from trace metals when the following two criteria were
met: (i) No band between 45C nm. and 550 nm. was ob-
served; (ii) the ratio of the absorbance at 618 nm. to
that at 450 nm. did not change with dilutions of the

benzene solution of dithizone with more benzene,



Anpendix II

General spectrophotometric-titration

procedures.

The spectrophotometric-titration procedures used
the apparatus described in Section 3.1.1. They have been

described by Grayl.

Briefly, in using the Unicam S.P., 500 spectrophoto-
meter, a warm-up period of one hour for the spectrophoto-
meter and ten minutes for the tungsten lamp was necessary
in ordér to ensure stable absorbance readings. The 65-ml.
titration cell, cleaned and dried by the process described
on page 1ll, was positioned in the cell compartment. Ap-
proximately 50 ml. of methancl was then transferred to
the cell. The wavelength was set either at 460 nm..or
560 nm., depending on the system being studied. The sen-
sitivity potentiometer of the apparatus was set at the
midway position, stirring was started, and the spectro-
photometer was adjusted to zero absorbance. An aliguot
of the solution to be titrated was then pipetted into
the titration cell. The platinum-needle delivery tip was
attached to the Koch micro-buret filled with the titrant,
and was pushed through thz silicone~rubber system. The
%ip of the needle was always under the surface of the
solution. Then increments of the titrant were added and
the absorbance measured after each addition. The incre-
ments added, and the equilibration period, depended on -

the particular titration,

As was found by Gray, close temperature control
was unnecessary, and all experiments were conducted at

room temperature.

131
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The titration graph was a plot of the measured ab-
sorbances against ml., of titrant added, and the end point
was determineéd by inspection, by extrapolation of the
straight-line portions of the graph, to their intersection

point.

AN Teid A AL AN Ak n A



Appendix IIT

Sténdardization of stock solutions of
Cu(TTAPAN), Cu(PAN)Z, Cu(TTA)2 and HPAN
in methancl or benzene by spectrophotometric

titration.

The general procedure given in Appendix II was-
used. '
i) Standardization of stock solution of HPAN in
methanol or benzene, against standard aqueous

Cu(ND3)2 solution,

The stock solution of HPAWN in methanol or benzene
was used as titrant in the buret, even though it was
the solution to be standirdized. The concentration of this
solution was known to be approximately 5 x 10-4 M. The

aliquot of the aqueous Cu(ND solution transferred to

)
32
the titration cell to be titrated with the HPAN contained

approximately 16 mg. of copper. Methanol was then added.

In the titration, Cu(PAHN N03) was formed; it had
an absorbance maximum at 560 nm. Accordingly, the absor-
bance at this wavelength was recorded as a function of
titrant added. Naturally the absorbance increased with
addition of titrant. The end point was well defined,
unless the methanol used contained dissolved trace metals.
In that case the titration graph was curved, and the end
point could not be detected. Incidentally, this fact was

also used as a test for trace metals in methanol.

An equilibration period of approximately one minute

was allowed after each addition, prior to taking the

133



absorbance measurement.
A typical titration graph is given in Figure 9.

ii) Standardization of stock aqueous EDTA solution,

against standard aqueous Cu(N03)2 solution.

The stock aqueocus solution of EDTA to be standard-
ized was used as titrant in the buret. It was prepared
by dissolution of a weighed amount of the solid in de-
ionized water, to give a solution approximately 4 x 10-4 M.

It was stored in a polyethylene bottle.

The methanol was added as a solvent intoc the titra-
tion cell. This methanol was buffered to pH 10 by an
ammonia-ammonium chloride buffer mixture, before adding

the standard aqueous solution of Cu(N03)2.

The volumes of methanol and standard copper sclution
were such that the copper in the titration cell was ap-

3 M. The wavelength was set at 560 nm.

proximately 5 x 10”7
The spectrophotometer was then adjusted to zero absorbance

referred to the analyte prior to its titration.

Standard solution of HPAN in methanol was added,
sufficient to allow complexation of all Cu(Il) present
in the titration cell. This complexation consisted in
the formation of Cu(PAN NU3).

Addition of increments of the aqdeous EDTA standard
solution (the titrant) resulted in the replacement of the
PAN and NDa- ligands from the mixed copper complex.

This displacement was followed spectrophotometrically

by the decrease in absorbance at 560 nm., which was where

134
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the Cu(PAN NO.) had a peak.

Thé first titration was not counted. Thus, after
its end point another aliquot of the standard aqueous
solution of Eu(N03)2 was added to the titration cell
and titrated as before. In this way, the results were not
affected by trace metals dissolved in the mecthanol and
buffer solution used. The number of titrations perféfmed
in the same methanol solution were then only limited to
the volume of the cell itself.

An equilibration period of approximately one
minute was allowed after each addition, prior to taking

?he absorbance measurements.
A typical titration graph is given in Figure 9.

iii) Standardization of Cu(TTAPAN), Cu(PAN)2 and
Cu(TTA)2 solutions in methanol or benzene by
spectrophotometric titration with a standard

aqueous solution of EDTA. - ' .

The steps followed in the standardizations of
Cu(TTAPAN), Cu(PAN)2 and Cu(TTA)2

or benzene by spectrophotometric titration with the above

solutions in methanol

standard aqueous solution of EDTA, were the same as in
the standardization of this aqueous solution of EDTA
itself with the standard aquesous solution of Cu(ND3)2,
given in part (ii) in the present section, except that

in the case of Cu(TTAPAN) and Cu(PAN)2 no HPAN was added;
these complexes also have a well defined peak at 560 nm,

(see Figure 1).

An equilibration peribd of approximately one minute



was allowed after each addition, prior to taking the

absorbance measurement.

A typical titration graph is given in Figureg9,
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FIGURE 9

Typical titration graphs for the

chelate-exchange titration at 25°C. of

é) Cu(NDj)2 in methanol, versus EDTA

in waterxr

b) Cu(N03)2

in benzene

in methanol, versus HPAN

c) Cu(TTAPAK) in methanol, versus EDTA

in water.
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Appendix IV

Preparation of a stock standard agqueous solution

N :
of Cu(uJDB)2

The procedures for the preparation of stock stan-
dard solution of cupric nitrate us=sd have been described

by Grayl.

Fisher certified A.C.S. analytical-grade copper
metal was used. The stock standard soclution was prepared
by accurately weighing 0.166 g. of this analytical-grade
copperAmetal into 1CO-ml. beaker. The copper was then
dissolved in 1:1 nitric acid and the soclution evaporated
to moist dryness. The residue was taken up with 5 ml, of
water and the solution was evaporated as near to dryness
as possible without forming basic insoluble copper salts.
The residue was then taken up in deionized water, quan=-
titatively transferred to & calibrated 100-ml. volumetric

flask and made up to the mark.,
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Appendix V

The Preparation of Cu(TTAPAN) According to
the Method of d'AmboiseB.

A weighed amount of crystalline Cu(TTA)Z, purified
as described on page 20, was dissolved in benzene. An
equimclar amount of HPAN was added and the temperature of
the solution was raised to 45°C. The solution was then
thoroughly mixed. Hal{ of the benzene was then allowed to
evaporate at a tempecrature slightly above room temperature,
and the solution was then placed in an ice-water bath. The
resulting crystals were filterced onto 2 sintered-glass
filter and then dissolved in henzene, and recrystallized
as before, by evaporation of benzene, cooling of the solution,
.and filtration. The purified Cu(TTAPAN) product was dried
in a vacuum desiccator over PZD5 for 2 week, then transfer-
red to another desiccator containing silica gel and i* was

stored there until used.
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Appendix VI

Spectrophotometric Titration of Cu(TTA)2
in Methanol-Benzene Mixtures with a Stan- .

dard HPAN Solution in Benzene.

The Beckman Model D.U. spectrobhotomcter, and
titration assembly described on page 7 and illustrated
in Plate 1, were used. The general procedures for -

spectrophotometric titrations are given in Appendix II.

Stock solutions of Cu(TTA)2 in benzene were pre-
pared and standardized by the method described on page
HPAN solutions in benzene were standardized as in

Appendix III.

The Koch micro-buret was rinsed and filled with
the standard HPAN solution in benzene. An appropriate
aliunt of standard Cu(TTA)2 solution was pipetted into
the 65-ml. titration cell, such that after dilution to
about 50 ml. and the addition of HPAN necessary for the
conversion of Eu(TTA)2 to Cu(TTAPAN), the absorbance
at 560 nm. was between 0.6 and 0.8.

Methanol and benzene were pipetted into the ti-
tration cell which contained the aliquct of Cu(TTA)2
to be titrated. The proportion of methanol and benzene

depended on the particular experiment.

The micro-buret was positioned, the wavelength
adjusted to 560 nm., the spectrophotometer adjusted to
zero absorbance for the solution to be titrated, and
the titration started. The absorbance of the Cu(TTAPAN)

formed was followed. An interval of 5-10 minutes was

U1
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needed in order to achieve =squilibrium after each
1

addition of titrant.® In solvents with a large con=-

.centration of methanol, the reaction was faster. The

titration graph was a plot of absorbance versus ml.
of titrant added, and the end point was determined by
inspection, from the intersection of the extrapolation

of the two straight-line portions of the graph.

The results of the titratiors of Cu(TTA)2 in
several methanol-benzene mixtures with HPAN are given
in Table 5.

! Equilibrium in the sense that no variation in
absorbance was detected after that period.
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Annendix VII

REGRE 1: Least-squares fit for
y = mx+ b

PRABCS5: Least-squares fit for

+ A +A X, +B

Z = Ayx T Ay x, + Agxy

1

SPECR3: Least-squares fit of

a Beer's Law plot
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'C PROGRAM REGRI1- ]
e THIS PROGRAM CALCULATES THE REGRESSION COEFFICIENTS FOR A STAIGHT LINE]
C Y = MX + B IT GIVES M AND B AND THEIR STANDARD DEVIATIONS i
C N [S THE NUMBER OF EXPERIMENTAL POINTSe IT IS GIVEN FIRST IN A FIELD
C OF (13)s THEN THE POINTS X(I), Y(1) ARE GIVEN IN FIELDS (5(2E8+3)). !
DIMENSION X(100), Y(100)
READ{S,1) N ’
1 FORMAT(I3)
READ({S,42) {(X(1I), Y(I)y I = 1,N)

§ 2 FORMAT(5(2E8.3)) i

f
i

!
{
!
!

! SUMX = 0O
l SUMY = 0.
SUMXY = Qe
SUMX2 = Oe
SUMY2 =0,
DO 3 I= 1,N
: SUMX = SUMX + X{(I)
; SUMY = SUMY + Y(I)
i SUMXY = SUMXY + (X{I)%Y{I))
1 SUMX2 = SUMX2 + (X(I)%*%2) '

3 SUMY2 = SUMY2 + (Y(I)*%2)
XM = SUMX/N
YM = SUMY/N : .
SUMX2 = (XM*xSUMX)

sx2 =
SY2 = SUMY2 —(YM%SUMY) i T
SXY =

SUMXY = (XM*SUMY) |
BM = SXY/SX2 :
i AB = YM - (BM*XM)
i SSD = SY2 =(BM*SXY)
VARY SSD/(N-2)
i VARM SQRT( { VARY/SX2) *%2)
STDVM = SQRT(VARM)
STDV3 = SQRT({SUMX2%¥VARM)/N)
WRITE(6414)
14 FORMAT(1HO0,//25X,*SIMPLE REGRESSION ANALYSIS®,//20X,"EQUATION: ¥
1 = MX + 3 9,//710X,'EXPERIMENTAL RESULTS®,//15X,%Y? 315Xy *X*4/)
WRITE(645) (Y(I), X{I)y, 1 = 1,N) '
5 FORMAT(1HO 410X ,E12e4,5X,E12¢4)
WRITE(6917) BM, AB
17 FORMAT(1HO0 20X, *THE REGRESSION LINE IS :'3//35X,°Y = (*,E15.64°) %X
1 (*9E15.54%)%,/7)
WRITE(6,7) STDVM, STDVB
7 FORMAT(1H0,15X,*STDVEV ON THE SLOPE M IS: ?,E12.4,//15X,*STD DEV O
IN THE INTERCEPT B IS: *,E12.4,/7)
WRITE(6912) XM,SX2, SXY,YM,SY2, SSD
12 FORMAT(LHO 20Xt XM = ? ,E12.4,10X,9SX2 = v,E12e4910X,*SXY = *,E12.4
19/7/720X9%YM = ¢ ,E1244,10Xy9SY2 = 9,E12:64,10X,?SSD = *yE12444/)
333 CONTINUE
WRITE(65111)
111 FORMAT(1HO,45X,*END OF COMPILATION®)
END
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33

' 8ZX3

BRAECS

ZQUATICN Z = Al * X1

PgﬁGRAM TO CALCULATE THF RFGRFSSINN COEFFICIFNTS AND THEIR VAR TANCE
+ A2 % X2
N OIS THFE NJMBER CF POINTS USED IN ONE SET

M IS THE NUARFR DF SFTS OF DATA
DIMFNSION Z(107T)s X1(100), X2(100),
READ (S 42) NM
FORMAT(213)
RZAD(S,33) (X1(T1)y X2(I)s X3(I)s I=1,N)
FARMAT(S(3F35,50))
DD 19 J=1.M
READ(S,2) (Z(I)s I=1,N)
FORMAT(2CF453)
SNAXlI = M-
S0OX2 =95
SOX3= 0O«
S3Z = 0o
SNX12 = C»
SOx22 = €»
SIOX32 = Co
SOX1X2 = Q-
SOX1X3 = Qo
SOX2X3 = GCo
SOX1Z = Py,
SNX2Z2 = Qs
SOX3Z = 0>
S3D = Q¢
DO 4 I = 1+ N
SOX1 SnNX1 + x1(1)
S0OX2 = sSOx2 + X2(1)
SOX3 = SOX3 + X3(1)
Sa7 = sSN0Z + z2(1)
SOX12 = SOX12 + (X1(I)xx%x2)
SOX22 = SOX22 + (X2(I)%%2)
SOX32 = SOX32 + (X3(1)*x%x2)
SOX1X2 = SOX1X2 + (X1{(1)%X2(1I))
SOX1X3 = SCX1X3 + (X1(T)*X32(1))
SOX2X3 = SOX2X3 + (X2(I)*X3(1))
SAOX1Z = SNX1Z + (X1 (1)%xZ2(1))
S0X2Z = S0OX2Z + (X2(I)%x2(1))
SOX3Z = SOX3Z + (XM (1)%Z(1))
CONTINUE
X1M = SOX1/N
X2M = SOX2/N
X3M = SOX3I/N
ZM = S0Z/N
SX12 = S0OX12 — (Xi1MkS0OX1)
SX22 = SOX22 - (X24%SOX2)
SX32 = SOX32 - (X3M=S0X3)
SX1X2 = SOX1X2 - (X2M*S0OX1)
SX1X3 = SOXIX3 - (X3MxS0OX1)
SX2X3 = S0OX2X3 - (X3M%xS0X2)
SZX1 = S0OX1Z - (ZMxS0OX1)
SZX2 = S0X2Z — (ZM:SOX2)

= SOX2Z - (ZMx%xSNX3)

X3(100)

145

+ A3 * x3 + B
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2) PRABCS (continued)

T = (S X22%SX32) - (SX2X3I%%D)
D2 = (SX1X3kSX2X3)= (SX3I2*SX1X2)
N?T = (SX1X2%xSX2X3) = {(SX22:#5X1X3)

D = (N1#:3X12) + (N2%SX1X2) + (ND3*¥SX1X3)
cil = N1/D

C22 (= ((SX12:2SX32) = (SX1X3%%2))/D

C33 = ((SX12%SX22) = (SXIX2%%2)) /D

cl2 = D2/D

c13 = D3/0
C22 = ((SX1X3*SX1X2) = (SX12*%SX2X3))/D
Al = (C11%sS7ZX1) + (C12*%5ZX2) + (C13%SZX3)

A2 = (C12%8SZX1) + (C22%xSZX2) + (C23*%SZX3)
A3 (C13%SZX1) + (C23%SZX2) + (C33%xS2Zx3)
3 = 7M = (A1%:X1M) = (A2%X2M) - (A3xX3M)
S CONTINUE .
DO & I = 14N
6 SSD = SSD + ((Z(I) —-CAL1*:X1(TI)) — CA2%X2(1)) = (A3%XX3(I)) - B)*%2)
VARE = SSD/(N-4)

STDVE = SQRT(VARE)
VARA1l = C11%VARE
VARAZ2 = C22%VARE
VARA3 = C33%VARE
CIV12 = C12%VARE
CNV13 = C13%VARE
cCove3d = C23%*VARE
STDA1 SAPT(VARAL)

LT

STDA2 SQRT (VARA2)
STDA3 SQRT(VARA3)
VAR = VAPRPE/N
STDR = SORT(VARB)
7 CONTINUF .
WRITZ(64+9) -
8 FORMAT(1H1 49X, *T QUATION - Z = A1x%X1 + A2*%X2 + A3%X3 + B ¢,z
1//727Xe "EXPERTMENYAL DATA' 3/ 17X %20 423X X190 4,22Xy*X2¢,22X9"X3?)
WRITE(H49) (Z2(I)s X1(I)y X2(I)e X3(I)s I = 14N)
9 FORMAT(1IHO4(10XsE1204+3X))
WRITS(641C) Als A2, A3, B :
10 FORMAT (1H 420X s *CALCULATED RESULTS — LEASTS SQUARES FIT's///+15Xs.

1PA) = 94312585 /715X9%A2 = '9E 12043 /15Xe"A3 = '3F12044/715X+'B = ®,E1
2204)
WRITZ(6411) SX12,5X22s SX32,SX1X2sSX1X3,SX2X3,SZX1s SZX2,SZX3
11 FORMAT(IH 43CXe?'SX12 = ',E1208+4Xe"'SX22 = ' ,E12044+4X,1SX32 = ',E12
154467730 Xs 'SXIX2 = V43F125444X 3'SX1IX3 = '4E1204+4Xe'SX2X3 = ' 4F 1204
27 737X VSZX1 = V4E1204434Xe"'SZX2 = ®4F1204+4X4*'SZX3 = '4,E1204)
WRITE(6512) C11+4C22,C339C124C13,C2340D
12 FORMAT{IH 430X e%C1l1 = *4,F12c0448Xs* C22 = *3E120494X+5%C33 = *,E1204

13/7/732Xe7C12 = 145125494 X9'C13 = '9E120494Xs*'C23 = '4E1204+4/7/30Xe*D
2 = ',E12548) '
WRITE(6,13) SSDe VARE, STDVE ‘
13 FORMAT( 14 440 Xe*STATISTICAL DATA?/30X4'SSD = *,F120434X'VARE = 4
1E12:4 44X« 'STDVE = ' ,E1254)
WRITE(64+14) VARA]L 4 VARA2,VABA3 +STDAL1,,STDA2,STDA3,C0OV12,COV13,C0OV23
14 FORMAT (14 ,3GX,'"WARAL = ?T,E120494Xe*VARA2 = *,E12c494Xs"VARA3 = %,
15124 4/37"Xe'STDAL = 9,5 120434Xe'STDA2 = T iE12-54:4X4'STDA3 = t,E120
244/730Xs%20V1I2 =  ,E120444X,7COVI3 = *,E120444X,'COV23 = ?,51204)
WRITE(54+15) VARR, STDB
‘15 FORMAT(IH +30Xs*VARE = V4,F1254410Xs"'STDB = ¢ ,E120c84//7/7/50X+*END OF -
1 COMPILATION®) )
19 CONTINUE
£ ND




3) SPECTR3

0000

M

70

28

99

20

22

23

100
14

17

N IS THE NUMBER

TTPROGRAYM SPECTR3
L IS THE NUMBFR OF SETS OF DATA TIELD I2
OF WAVELEMGTHS USED TO CALCULATE THE SPECTRA

IS THE NUMBER OF CONCENTRATION JSED
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DIUSLE PRECISION C{1C)s A{(100+10), LAMDA(IOO)-‘AHSO(IQO)'_AINT(lO

10)s PERA(100)

RZAD(S+,70) L

FORMAT(I2)

D3 71 J1 = 1.L

READ{(Ses1) NeM

FORMAT(214)

READ(5+s2) (LAMDA(I)s I=1,4N)

FORMAT(2513)

READ(H¢3) ((A(IeJ)eJ=1sM)sI=14N)
FORMAT(20F4e3)

READ{Ss4) (C{J)e J = 1 M)

FORMAT(10E843)

STIMC = 0o

SOMCAR = 0o

SUM = Oe

SOMAC = O

SOMAB = (0,

DO 6 J=1.M

SOMC = SOMC + C{J) .

SOMCAR = SOMCAR + (C{J) %%2)

D = (MY SOMCAR)-=(SOMC*x%*2)

DO 7 I=1,4N

DO 8 J=1+M

SOMAZ = SOMAG + A(I,.J)

SOMAC = SOMAC + (A(I,J)%C(J4))

CONT INUE

ABSO( 1) (MXSOMAC-SOMAB*SOMC) /D .
AINT(I) = ((SOMABXSOMCAR)—={SUOMCXSOMAC))/D

DD 23 J=1.M ’

SUM = SUM + (ABSO(I)*C{J) + AINT(I) — A(T,J))%%2
SOMASB = 0.

SOMAC = 0.

ERR = (SUM/D) *x*2

ERR2 = SQRT{(ERR)

PERA(I) = 10C«*{SQRT{ERR2))7ABSI(1)

SUM = 0.

IF (Ji-1) 99+99,100

CONTINUE

WRITE (6+20)

FORMAT(1HL /77 215X *EXPERIMENTAL RESULTS*,//)
WRITE(H+22) {LAMDA(I)y (A{IsJ)s J= 14M)sI=1,4N)
FORMAT(1IH 10X +134+4Xy8F10e3)

WRITE(H6+23) (C(J) s J = 1sM)

FORMAT(1HO/// +8X48E12e44/77)

MWRITE(H+14)

FORMAT({1H1+/// s15Xe YCALCULATED SPECTRA®,,///7Xs "LAMBDA
1TIES - INTERCEPT?) , )
WRITE(64+16) (LAMDA(I)»ABSO(I)+PERA(I)s AINT(I),s I=1,N)

16 FORMAT{1H 08X’I3n4XoF6.0!3X9F50297X9E8.3)

1

ABSORPTIVI

71 CONTINUE

WRITE(6417) _ '
FORMATULH o///77 925Xy "% %X %END O COMPILAT ION#%*%%?)
END

]

|
!
|
|
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Table 26

149

Molar abscrptivities of Cu{TTAPA!M), Cu(Pi’xN)2 and of HPAN

in 35.4 molY methanol in benzene, at 5 nm. intervzls in the

spectral range AG0 nm. to GO0 nm.

The lio, of solutions for the least-squarcs fit was 8.

lVave- Lzast-squares values of molaer zbsorptivity and
length [ % _standexd coviatione

in nm. Cu(TTAIAN) Cd(FAH)Z HPAM

400 6510, 0075 13649, 0025 9542, 1006
4 QS 68070 0027 14211, 0e26 132320 Col2
410 71740 0+27 14248¢ 0e29 10935, Col?7
415 75180 0026 14101, 0023 114760 Ocl4
420 7646, O0.18 13926, 0036 11944, Coll
425 . 75840 0o 26 13784, 0044 12439, 0o CE
430 7491, 0o 32 13503, 0e37 13033, Colsd
435 7535, 0028 12749, Ded4 136675 Do 18
440 74420 0030 11791, 0064 14189 0017
445 59230 0044 11029, 0068 14734, 0018
450 60380 0o 63 10797s 0066 155335 Gol13
455 S007o 0048 11274, D051 16504, 0o l0
460 41160 0034 12231» 0o 54 17 39406 0027
465 36760 024 135880 036 179955 Ce23
470 37020 0031 15144, 0e28 13151, Co30
475 40220 00395 169860 0025 179930 030
480 45610 0026 19117 0033 17605, 0032
488 52280 0020 215820 0021 172810 0e35
490 51110 0e38 23961, 0e23 163320 0245
495 71480 0040 26247, 0025 150560 Co 38 -
500 83716 Oo4l 28293, 0015 13141, 0049
505 97950 0o 28 304560 0016 104780 0o 65
S10 111550 0023 32941, Del8 736%0 0073
515 12344, 0019 356350 De 24 54600 1004
520 136250 0el3 38535, De26 34430 Co 94
525 148250 0017 405970 0e 29 3341, 2082
530 16270, 0024 41274, 0035 19210 1028
535 175430 0026 40825, 0027 10370 1029
540 188510 020 40 222, 0029 5690 1062
545 200070 0028 400760 Do 30 3160 20938
550 210470 0027 406460 0027 1810, 0096
555 219900 0o24 418360 0630 1010 2626
560 227740 0030 42659aq 0e36 61, 3086
565 233130 0e31 413960 0e4a 410 8022
570 23307 0e31 381200 0063

S75 220720 0031 308550 Qe 72

580 204120 0031 25889, 0e61

585 173590 Os 30 19948, 0e 86

590 13771, 0635 148026 0090

595 11024, 0e59 115750 1el7

600 34702 1lel4 137

8719

Defined as sAe x 100, where s is the standard deviation.

=
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Table 27

151

Spectrophotoﬁetric data for the equilibrium socluticns of
set A, usecd in the calculation of the function‘Kfp/r of
equation (5.14) at each wavelength, at 25 +2°¢C,

The composition of each solution has been given in

Table 13.

Sol.|Solvent; mol®

Absorbance x 103

wavelength, nm.

Me. lmethanol in benzene

8.38

"

\DUJNG’\U‘I.‘&-LJNI—'

I
w N = O

[T
-
=

540

555

560 565 570 580

178
202
242
259
304
356
375
396
425
465
478
494
519
574

155
222
264
28°
335
394
415
438
470
515
528
548
575
636

207 211 209 177
237 24C 239 204
281 286 284 240
304 309 309 258
356 362 359 303
420 428 426 360
442 449 446 377
468 477 475 406
502 510 507 -433
550 560 558473
564 575 571 482
585 596 593 508
613 625 620 529
678 690 686 583




Ta

le
L E

27

(continued)

Sol.
! NO.

Solvenf; mo L
methanol in benzens

Absorbance x 10

3

wavelength, nm.

550

560

566

570

O @ ~ O U B W N

T
N OO

n

"

202
215
243
26C
277
312
353
422
438
462
490
532
645

214
229
260
278
296
334
378
448
468
493
525
568
686

219
234
267
284
304
340
387
455
478
503
535
578
695

218
232
266
282
302
337
384
452
474
498
531
573
686

54¢C

550

560

565

570

380

VU O N NS W N

B
N O

oen

168
203
228
265
327
346
372

402

445
460
480
510
37T

183
220
248
289
358
382
410
442
491
509
530
563
638

195
234
264
308
383
406
437
aTe
525
543
568
602
679

196
237
268
312
368
412
445
478
533
551
577
609
689

195
234
266
307
385
407
438
472
526
545
570
602
678

163
193
220
255
320
337
365
391
437
452
475
502
568

152



Table 27 (continued)

Sol.

No.

Solvent; mol%
methanol in benzene

Absorbance x 10

3

vavelength,

nin,.

550

560

565

570

O O N O 0 B w N

=
N = O

-

162
172
200
22¢
242
271
215
368
408
435
467
512
648

172
183
213
232
258
288
336
413
435
462
498
549
686

173
187
215
236
261
252
342
419
441
268
505
555
691

171
183
212

233

256
287
336
411
433
458
495
542
675

550

560

570

0w @ N 0N DS W NN

o
N O

177
220
261
299
367
419
504
590
608
640
685
710
768

187

234

278
320
390
448
538
632
652
682
732
758
814

187
234
279
321
392
451
542
638
655
682
733
758
814

|

153



Table 27 {continued)

Sol.
o,

Solvent; mold
methanol in benzene

Absocrbance x 10

3

wavelength, nin.

540

550

560

564

570

560

U o 34 O 0 & W NP

AR
[

LY

40,9

"
"
1"
"

"

180
203
240
303
325
348
362
429
445
466
495
575

195
220
262
332
356
382
421
474
491
515
548
635

206
235
278

355

360
409
448
508
526
551
586
675

210
238
282
359
385
415
455
515
533
560
594
682

206
233
277
355
378
409
448
508
525
553
5C8
669

168
193

229

291
309
337
370
418
431
4355
482
549

540

550

560

570

580

O O N OB W NP

e 2 e
2 W N F DO

55.2

"
1"
n

160
185
220
248
287
309
338
351
370
422
442
468
479
498
578

172
199
238
269
312
336
369
382
404
462
482
512
527
546
634

163
212
254
285
332
357
392
407
430
492
313
546
560
584
670

177
204
245
275
322
344
380
394
415
478
498
532
545
568
652

137
158
190

214

250
268
295
305
320

372

392
416
426
445
522
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Table 27

(continued)

Sol.| Solvent; moldh
No. methanol in benzene

Absorbance x 10

wavelength,

nmMme.

570

550

560

59.4

"
"
n

|

W O gD W N

e
N O

L]
-
=

2236
252
266
287
308
331
366
380
405
460
542
598
813

219
232
240
265
283
309
337
358
372
425
505
572
761

236
247
258
2824
302
331
362
379
398
452
539
609
813

540

550

560

570

580

O O N OB W N

o
-

e
=

142
162
198
261
285
310
355
410
429
452
490
586

152
173
214
283
309
338
386
448
468
496
537
639

156
x83
225
298
325
358
406
476
4961
525
568
670

147
171
209
280
307
335
380
447
464
493
530
622

107
128
153
206
222
248
284
332
343
362
391
460

! The absorbance values for this solution

are AD values,
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Table 28
Spectrophotometric data for the equilibrium solutions of
set A, used in the calculation of the function quyp of

equation (5.23) at each wavelength, at 25+ 2%,

The composition of each solution has been given in Table 15.

Sol.| Solvent; mold
No. methanol in benzene

Absorbance x 103

wavelength,

Nm.

550] 560

566

O O N O B B W N K

= - e
N RO

o=
-
=

728
711
692
704
668
677
659
651
643
616
616
583
539

764
746
726
737
708
715
696
687
679
652
654
620
576

748
731
717
124
704
709
692
686
678
652
654
625
586

157




Table 28 (continued)

Splvent; molj
methanol in benzene

Absorbance x 10

3

wavelength,

N,

550

\0O O - O U1 N N+

(R SR )
N O

-

559
553
547
54C
531
528
521

512
502

469
475
460
385

54C

550

560

O 0O N4 0N S w N

R
[

[ 2

734

715

700
676
662
655
638
623
605
587
555
489

759
742
729
712
700
692
678
665

652

632
603
540

788
770
762
745
128
722
710
698
684
665
638
574
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" Table 28

(continue

d)

Sol.

Solvent

methanol in benzene

A
; molp

Absarbance x 10

3

wavelength,

nm,

540

550

56C

£44
830
823
8086
795
778
767
755
735
685
650
- 633
571

B75
B70
860
050
B844
825
811
804
764
736
704
€88
627

894
890
885
872
B67
855
845
832
615
772
741
725
665

540

550

560

'_‘ ° .
O O o0 0SS W N

-
-

g64
855
B36
825
815
792
786
762
740
691
637
569

692
890
872
865
856
845
829
810
792
746
6EB8
622

918
915
896
892
872
862
854
835
820
172

725

€59
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Tzbhlc 28 (continued)

Solvent

methannl in benzens

; molas

Absorbance x 10

wavelenagth, nm.

540

550

554

560

[
)

0 O N O B oW N

1"

"

"

676
661
647
636
626
612
598
573
568
534
495
403

698
685
612
663
657
643
627
606
602
568
532
428

709
685
680
675
664
656
638
618
613
584
542
451

698
687
676
667
656
646
630
610
610
579
542
458

540

550

554

560

O @O 0D ow N

-
N O

[

948
930
915
915
885
88C
855
838
gio
738
681
661
580

990
978
962
962
936
930
805
888
668
792
745
715
651

592
994
975
972
948
938
918
892
875
810

{754

731
659

952
950
935
935
915
908
894
872
B6D
796
747
730
659
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